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Abstract

This thesis comprises a collection of publications on new vaccines, vaccine safety and research in

implementation of new vaccines into the community to inform public health policy globally. The papers

presented outline my research experience in vaccinology which has been conducted in collaboration with a

number of national and international colleagues, who are included as coauthors, I have been involved in all

aspects of the research including study concepts, conduct, analysis and interpretation of the results and

manuscript preparation and publication,

Studies in investigational vaccines outlined in Chapters 1, 2 and 4 were conducted as multicentre studies

on the immunogenicity and safety of new vaccines including DTPa-HBV-Hib (diphtheria, tetanus, acellular

pertussis, hepatitis B and Haemophilus influenzae type b) vaccine, DTPa-HBV-lPV (diphtheria, tetanus,

acellular pertussis, hepatitis B and inactivated polio) vaccine, live intranasal attenuated influenza vaccine,

Hib-MenCY (Haemophilus influenzae type b, Neisseria meningitidis serogroups C and Y) vaccine, DTPa-

IPV (diphtheria, tetanus, acellular pertussis and inactivated polio) vaccine, PlV3 (parainfluenza virus type 3)

vaccine and RSV-P|V3 (respiratory syncytial virus and parainfluenza type 3 virus) vaccine. Many of these

vaccines are now licensed in Australia (DTPa-HBV-lPV; "lnfanrix-Penta", DTPa-lPV; "lnfanrixlPV", HepAB;

"Twinrix") with some licensed in other countries (live attenuated influenza vaccine; "FluMist") and others

soon to be licensed (Hib-MenCY) or still in clinical development (PlV3, RSV-P|V3).

Licensing of vaccines has been dependent on provision of clinical data of an excellent standard, resulting

from clinical studies conducted according to ICH-GCP (lnternational Conference on Harmonisation - Good

Clinical Practice) as included in this thesis. Currently, the cost of bringing a vaccine from the laboratory

bench to the market is around $1 billion, with much of this cost derived from extensive clinical trial testing

undertaken, often directed or influenced by regulatory authorities.

Studies for neonates, young children and adolescents require specific approaches relevant to their needs.

lmportant areas such as recruitment to studies, levels of understanding, needs of families and caregivers,

and appropriate care of potentially feadul and tearful pafticipants all need to be addressed carefully and

with great skill and supporl. lssues of assessment of symptoms and potential adverse effects need to be

approached differently to those in older independent study pafticipants. Paediatric vaccine clinical trials
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can only be successfully conducted with a specialized, experienced and dedicated team of investigators

with a wide range of individual skills. Each investigational pafticipant age group requires a specific type of

specialist expertise, including skills which may range from venesection of a 2 month old infant (preferably

on the first attempt), to blowing bubbles to distract an anxious 4year old being vaccinated to discussing the

studyrequirementforurinepregnancytesting(aspartof studyexclusioncriteria) loa12yearoldgirl, The

successful completion of a paediatric vaccine study is dependent on staff that can provide ethical

judgement and the required support and consideration for families that are willing to be involved in

vaccinology research for the public good. There are only a select group of paediatric vaccinology centres

in Australia of which our unit is included, Conducting investigational vaccine trials in Australia has the

advantage of providing immunogenicity and safety data in Australian children to Australian regulatory

authorities and immunisation expert groups such as the Australian Technical Advisory Group on

lmmunisation (ATAGI) to inform the optimal immunisation schedule for the Australian population,

Community engagement in and acceptance of new vaccines introduced into the community underpins the

success of immunisation programs. Results of social epidemiological studies conducted to examine the

introduction of vaccines including varicella, human papillomavirus, and pandemic influenza vaccines are

outlined in Chapter 3. Understanding community awareness of vaccines and concerns about vaccine

safety is essential for the planning and development of vaccine delivery programs whether delivered

through schools, doctors or local government. Results of these studies showed low knowledge of Human

Papillomavirus disease and vaccination in the community but acceptance of this cancer preventing strategy

if the vaccine was deemed to be safe. Likewise knowledge of pandemic influenza was poor but

acceptance of strategies to prevent transmission of infection was assured. Poor uptake of varicella vaccine

following licensing was primarily due to poor knowledge about availability of the vaccine and cost of the

vaccine prior to funding, Results of these studies have been used to inform public health policy in relation

to vaccine delivery to the community,

Continuous review of the Australian National lmmunisation Program is required to ensure optimal uptake,

timely delivery and acceptability of vaccines. Studies in Chapter 5 outline new strategies to reduce the

number of injections required to complete an immunisation schedule while ensuring optimal protection, to

reduce the burden of disease in our community.
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The work presented in this thesis has supported the timely introduction of new vaccines with knowledge of

the community's concerns and acceptance of these vaccines to direct optimal service delivery to achieve

high vaccine uptake and reduction in the burden of disease for current and future generations.
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Manuscripts submitted for this MD thesis and a or contribution

The papers submitted for this thesis comprise original manuscripts, published in international and national

peer reviewed journals covering vaccines and public health related topics, My contribution to each study

and resulting publication is described for each paper, The main sources from which the information in the

papers is derived and the extent to which others have contributed, is described for each publication.

Chapter 1: New Combination Vaccines

1. Marshall H, Mclntyre P, Roberton D, Dinan L, Hardt K, Primary and booster immunization with a

diphtheria, tetanus, acellular pertussis, hepatitis B (DTPa-HBV) and Haemophilus influenzae type b (Hib)

vaccine administered separately or together is safe and immunogenic. lnternational Journal of lnfectious

Diseases. 2009 (ln press).

lmpact Factor: 2,210 Ranking amongst infectious disease journals: 36/57 Citations: 0

This Phase 3 study was conducted in infants from 2 months of age to determine whether a combined

diphtheria, tetanus, acellular pertussis, hepatitis B and Haemophilus influenzaetype b vaccine (DTPa-HBV-

Hib) is as immunogenic as DTPa-HBV and Hib given separately. The study was conceived by our research

group in collaboration with the National Centre for lmmunisation Research and Surveillance (Professor

Peter Mclntyre) and with GlaxoSmithKline, lt was supervised by Professor Don Roberton and conducted by

me with the support of research staff. I interpreted the results and wrote the manuscript, with the help of

co-authors.

2. Marshall H, Nolan T, Roberton D, Richmond P, Lambeft S, Jacquet J-M, Schuerman L. A comparison of

booster immunisation with a combination DTPa-lPV vaccine or DTPa plus IPV in separate injections, when

co-administered with MMR at age 4-6 years. Vaccine.2006;24:6120-6128.

lmpact Factor: 3.616 Ranking amongst immunology journals: 361128 (top in Vaccinology) Citations: 7
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This Phase 3b multicentre, non-inferiority study was conducted in children 4-6 years to compare separate

administration of diphtheria, tetanus, acellular pertussis (DTPa) vaccine and inactivated polio (lPV) vaccine

to a combined DTPaIPV vaccine when administered to school age children, in order to reduce the number

of injections required to provide adequate protection against these four infectious diseases. The study was

designed by GlaxoSmithKline with input from lnvestigators. I wrote the manuscript describing the study

results, with input from co-authors.

3, Nolan T, Lamberl S, Roberton D, Marshall H, Richmond P, Streeton C. DTPa-HBV-IPV vaccine for

primary vaccination of infants. Journal of Paediatrics and Child Health, 2007;43:576-581.

lmpact Factor: 1.4 Ranking amongst paediatric journals: 59/94 Citations: 0

This Phase 2 study assessed the immunogenicity and safety of a combination diphtheria, tetanus, acellular

pertussis, hepatitis B and inactivated polio (DTPa-HBV-lPV) vaccine for use in infants lrom 2 months of age

to reduce the number of needles required in infancy to provide adequate protection for infants, against five

infectious diseases. The study was designed byGlaxoSmithKline and conducted at three centres in

Australia. I supervised the study at our site and was involved in the study conduct and contributed to the

study design. The manuscript was written by all co-authors,

4. Nolan T, Lambed S, Roberton D, Marshall H, Richmond P, Streeton C, Poolman J, Boutriau D, A novel

combined Haemophilus influenzae type-b-Neisseria meningifidrs serogroups C and Y{etanus-toxiod

conjugate vaccine is immunogenic and induces immune memory when co-administered with DTPa-HBV-

IPV and conjugate pneumococcal vaccines in infants. Vaccine, 2007;25:8487-8499.

lmpact Factor: 3.616 Ranking amongst immunology journals: 361128 (top in Vaccinology) Citations: 20

A combined "meningitis" vaccine to provide protection against common causes of meningitis including

Haemophilus influenzae type b and Neissera meningitidis serogroups C and Y was investigated at several

clinical trial centres in Australia, including our research unit. This Phase 2 study was designed by

GlaxoSmithKline and conducted at 3 centres in Australia in infants lrom 2 months of age. I supervised the

study at our site and contributed significantly to the paper describing the study results.
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Chapter 2: New Respiratorv Virus Vaccines

5. Nolan T, Bernstein D, Block S, Hilty M, Keyserling H, Marchant C, Marshall H, Richmond P, Yogev R,

Cordova J, Cho l, Mendelman P and for the LAIV Study Group. Safety and lmmunogenicity of Concurrent

Live Attenuated lnfluenza Vaccine With Measles-Mumps-Rubella and Varicella Vaccines in lnfants 12 to 15

Months of Age. Pediatrics 2008;121:508-516.

lmpact Factor: 5.665 Ranking amongst paediatric journals: 2/94 Citations: 9

This Phase 3 multicentre, international study was conducted to determine the safety and immunogenicity of

an intranasal, live attenuated vaccine for prevention of influenza when given concurrently with measles,

mumps, rubella vaccine to infants 12-15 months of age. I conducted the study, with support from research

staff and the paper describing the results was written by all co-authors.

6. Belshe RB, Newman FK, Tsai TF, Karron RA, Reisinger K, Roberlon D, Marshall H, Schwaftz R, King

J, Henderson FW, Rodriguez W, Severs JM, Wright PF, Keyserling H, Weinberg GA, Bromberg K, Loh R,

Sly P, Mclntyre P, Ziegler JB, Hackell J, Deatly A, Georgiu A, Paschalis M, Wu SL, Tatem JM, Murphy B,

Anderson E, Phase 2 Evaluation of Parainfluenza Type 3 Cold Passage Mutant 45 Live Attenuated Vaccine

in Healthy Children 6-18 Months Old, Journal of lnfectious Diseases, 2004;189:462-470.

lmpact Factor: 5.865 Ranking amongst infectious disease journals: 4/57 Citations: 21

This Phase 2 experimental study examined the safety and immunogenicity of an intranasal live attenuated

parainfluenza virus type 3 (PlV3) vaccine administered to healthy children 6-18 months of age, The

protocol was designed by Wyeth-Lederle vaccines with input from co-investigators, I conducted the study,

supervised by Professor Don Roberton, and with the help of research staff. The study results are

presented in this paper with all co-authors contributing to interpretation of the results and writing of the

manuscript.
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7. Belshe RB, Newman FK, Anderson EL, Wright PF, Karron RA, Tollefson S, Henderson FW, Meissner C,

Madhi S, Roberton D, Marshall H, Loh R, Sly P, Murphy B, Tatem JM, Randolph V, Hackell J, Gruber W,

Tsai TF. Evaluation of Combined Live, Attenuated Respiratory Syncytial Virus and Parainfluenza 3 Virus

Vaccines in lnfants and Young Children. Journal of lnfectious Diseases. 2004;190:2096-2103,

lmpact Factor: 5,865 Ranking amongst infectious disease journals: 4i57 Citations: 23

This multicentre Phase 1 study examined the safety and immunogenicity of a live attenuated intranasal

combined respiratory syncytialvirus and parainfluenza virus (RSVPIV3)vaccine in children 6-18 months of

age, The protocol was designed by Wyeth-Lederle vaccines with input from co-investigators. I conducted

this study, with the help of other research staff, The results are presented in this paper which was

contributed to by all co-authors,

Chapter 3: Communitv and lmmunisation Provider Acceptance of New Vaccines

8. Marshall H, Ryan P, Roberton D. Uptake of varicella vaccine - a cross sectional survey of parental

attitudes to nationally recommended but unfunded varicella timmunisation. Vaccine, 2005;23:5389-97,

lmpact Factor: 3.616 Ranking amongst immunology journals: 361128 (top in vaccinology) Citations: 12

The aim of this study was to assess the uptake of varicella vaccine in South Australian children under

circumstances where varicella immunisation is recommended but is not funded by Government, The study

examined the main reasons that determined a parent's decision whether or not to have their child

immunised with varicella vaccine. The study concept was mine and I designed and conducted the study,

including the statistical analysis, pedormed with the help of Professor Philip Ryan, as paft of my

dissertation for my Master in Public Health degree. However, the paper was not written or presented as

part of the disseftation and, therefore, is appropriate to include in this thesis, I wrote the paper, and all co-

authors contributed.

9, Marshall H, Ryan P, Roberton D, Beilby J. Varicella ¡immunisation practice: lmplications for provision of

a recommended, nonjunded vaccine. Journal of Paediatrics and Child Health, 2009;45:297-303,
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lmpact Factor: 1,4 Ranking amongst paediatric journals:59/94 Citations: 2

lntroduction of a new vaccine without providing government funding has been shown to result in low uptake

of the vaccine. This study assessed the factors influencing the use of a recommended but not funded

vaccine by general practitioners, The study concept and design was my own and I conducted the study,

with support of other research staff. I performed the statistical analysis and I was the principal author of the

manuscript with input from co-authors.

10. Marshall H, Ryan P, Roberlon D, Baghurst P, A cross-sectionalsurvey to assess community attitudes

to introduction of Human Papillomavirus vaccine, Australian and New Zealand Journal of Public Health.

2007;31(3):235-242.

lmpact Factor: 1.793 Ranking amongst public health journals: 731122 Citations: 36

This study was conducted to assess community understanding and acceptance of human papillomavirus

(HPV) vaccine, introduced to prevent cervical cancer in women. The study preceded the implementation of

the immunisation program in Australia, I pedormed the study using grant money I received as the inaugural

recipient of the Post Masters Public Health Education and Research Trust award. The study concept was

mine and I conducted the study, performed the statistical analysis (with help from Professor Philip Ryan)

and wrote the manuscript, with input from co-authors.

11. Marshall H, Ryan P, Roberton D, Street J, Watson M, Pandemic lnfluenza and Community

Preparedness. American Journal of Public Health. 2009;99:5365-71.

lmpact Factor: 4.984 Ranking amongst public health journals: 9/122 Citations: 2

The aim of this study was to assess community and parental knowledge of and attitudes toward the threat

of pandemic influenza and acceptance of vaccination with novel pandemic influenza vaccines to provide

protection against this global threat, The concept of the study was mine and I devised the study design and

completed the statistical analysis. I was the principal writer of the manuscript with input from co-authors.
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12, lsaacs D, Kilham H, Marshall H. Should routine childhood [immunizationsl be compulsory? Journal of

Paediatrics and Child Health, 2004;40:392-396.

lmpact Factor: 1.4 Ranking amongst paediatric journals: 59/94 Citations: 4

ln Australia, immunisation is not compulsory. However, mandatory immunisation, particularly for health care

workers who may transfer infection to patients, is being considered in some states in Australia, This review

paper was written to outline and discuss the ethical issues associated with compulsory [immunisation.

Although Professor David lsaacs was first author, I contributed significantly to ideas in the paper, based on

a public health ethics course I completed during my Master in Public Health degree.

Chapter 4: Vaccine Safetv

13. Jacquet JM, Begue P, Grimprel E, Reinert P, Sandbu S, Silverdal SA, Faldella G, Nolan T, Lambed S,

Richmond P, Marshall H, Robedon D, Schuerman L. Safety and immunogenicity of a combined DTPa-lPV

vaccine administered as a booster from 4 years of age: a review. Vaccine. 2006;24:2440-2448.

lmpact Factor: 3.6'16 Ranking amongst immunology journals: 361128 (top in Vaccinology) Citations: 1 1

ln this review paper we assessed the safety results of all clinical trials conducted with the combined DTPa-

IPV vaccine, including the study described above (combination vaccines Paper no. 2). Booster doses of

DTPa-containing vaccines have been associated with large local reactions, with an incidence ol 2-22o/o

depending on measurement criteria. This paper reviews the accumulated data on safety and

immunogenicity of the DTPaIPV vaccine. The manuscript was written by all co-authors who had

contributed to the clinical trials,

14. Marshall H, Gold M, Robefion D, Gent R, Quinn P, Piotto L, Clarke M. Ultrasound Examination of

Extensive Limb Swelling Reactions After Diphtheria-Tetanus-Acellular Pertussis or Reduced-Antigen

Content Diphtheria-Tetanus-Acellular Pertussis lmmunization in Pre-school-Aged Children, Pediatrics.

2006;1 1 8(a): 1 501 -1 509.
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lmpact Factor: 5.665 Ranking amongst paediatric journals: 2/94 Citations: 8

Through effective immunisation programs, the mortality associated with many infectious diseases has been

reduced significantly or eliminated. For some vaccines, this has led to a higher reported incidence of

adverse events following vaccination than the current incidence of the disease being prevented, As

vaccine preventable infectious diseases are so well controlled in the community, public concern related to

adverse events following vaccination rises and the public forgets the risk of the vaccine preventable

disease. Research in vaccine safety should continue to be a priority to maintain confidence in the

community when new vaccines are introduced into the community.

As mentioned in the previous paper, large local reactions have been associated with booster DTPa-

containing vaccines. This clinical study evaluated extensive swelling reactions following booster diphtheria-

tetanus-acellular peftussis vaccination at school age. Ultrasound was used to assess extent of the swelling

in both subcutaneous and muscle tissue. I conceived the study with Professor Don Roberton and I

designed the study. Ultrasound examinations were conducted by the paediatric ultrasonographers (Mr R

Gent and Mr Leno Piotto, Paediatric Radiology, Women's and Children's Hospital) under my supervision. I

conducted the statistical analysis and wrote the paper, with supporl from co-authors.

Chapter 5: New Vaccine Schedules

15. Wood N, Mclntyre P, Marshall H, Roberton D. Acellular pertussis vaccine at birth and one month

induces antibody responses by two months of age, Pediatric lnfectious Disease Journal, (Accepted for

publication, August 4, 2009),

lmpact Factor: 3.378 Ranking amongst infectious disease journals: 20157 Cilalions: 2

The highest moftality rates from perlussis occur in infants less than 6 months of age who may not have

received any or have received a reduced number of vaccines required to provide protection against

pertussis, Both Professor Mclntyre and I have had an interest in pertussis, which continues to be a poorly

controlled infection causing epidemics and deaths in Australian children and millions of deaths in the
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developing world. This study aimed to investigate whether giving pertussis vaccine to infants at birlh would

provide earlier protection for these vulnerable infants. The study was conducted at The National Centre for

lmmunisation Research and Surveillance (Professor P Mclntyre) and the Paediatric Trials Unit at the

Women's and Children's Hospital (D Roberton, H Marshall). The concept protocol was designed by

Professor Mclntyre, with final protocol designed by all co-authors. I supervised the study and was involved

in study conduct at the Adelaide site and all co-authors contributed to interpretation of the results and

preparation of the manuscript.

16. White OJ, Rowe J, Richmond P, Marshall H, Mclntyre P, Wood N, Holt PG, Th2-polarisation of cellular

immune memory to neonatal perlussis vaccination, Vaccine. (Accepted for publication, August 5, 2009)

lmpact Factor: 3.6'16 Ranking amongst immunology journals: 361128 (top in vaccinology) Citations: 0

This study explored the cell mediated immune (CMl) responses in infants enrolled in the above study

(Paper 15), comparing CMI responses between infants receiving perîussis vaccine at birth and those

receiving the routine immunisation schedule (Hepatitis B vaccine only at birlh), P Holt and P Mclntyre

designed the study with laboratory testing completed by P Holt and O White. The interpretation of the

results and writing of the manuscript was contributed to by all co-authors,

'17. Robefton D, Marshall H, Dinan L, Boros C, Gold M. Developmental immunology and vaccines. Expefi

Review of Vaccines, 2004;3(4):343-347 .

lmpact Factor: 4.214 Ranking amongst immunology journals: 251128 Citations: 3

Preterm infants are at increased risk of early onset of infectious diseases due to compromised immunity,

Therefore vaccine schedules for infants born prematurely are different than for term infants, including the

administration of additional booster vaccines. This review paper discusses the additional vaccine

requirements for premature infants and recommendations to provide adequate protection for these

vulnerable infants. I was the principal writer of the paper, with input from co-authors.
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18, Roberton D, Marshall H, Nolan T, Sokal E, Diez-Domingo J, Flodmark C-E, Rombo L, Lewald G, de la

Flor J, Casanovas J, Verdaguer J, Mares J, Van Esso D, Dieussaert l, Stoffel M. Reactogenicity and

immunogenicity profile of a two-dose combined Hepatitis A and B vaccine in 1-11 year old children,

Vacci ne 2005; 23: 5099 -5 1 05.

lmpact Factor: 3.616 Ranking amongst immunology journals: 361128 (top in vaccinology) Citations: 7

This Phase 3 multicentre study was conducted in children aged 1-11 years of age to establish whether a

two dose Hepatitis A and Hepatitis B combination vaccine was at least as good as a three dose schedule in

relation to safety and immunogenicity with the potential to reduce the number of injections required for

adequate protection against both Hepatitis A and Hepatitis B, Our centre was the main recruiting centre for

this study. The protocol was designed with input from all lnvestigators. I supervised the study and the

paper was written by all Co-lnvestigators, Pafiicipants in this study have continued in a long term follow-up

study, recently completed, which I also supervised. I am cunently writing a fufther manuscript outlining the

long term immunogenicity results, with input from co-authors.
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Introduction

The gasping breath and post-tussive vomiting of an infant, the iron lungs and braces required by children

paralysed with polio and the devastating birth defects following maternal rubella infection are now mostly a

scourge of the past due to the success of vaccination. Over the past 200 years, since the time of Edward

Jenner, vaccination has controlled a dozen major diseases including smallpox, diphtheria, tetanus, yellow

fever, pertussis, Hamophilus influenzae type b, invasive pneumococcal disease, poliomyelitis, measles,

mumps, rubella and rotavirus gastroenteritis. Apart from individual protection, vaccination also protects

others in the community by increasing the level of immunity and minimizing the spread of infection, Even in

the developing world where infectious diseases cause high mortality, global funding agencies such as the

Global Alliance for Vaccines and lmmunisation (GAVI) and the World Health Organization (WHO) in

partnership with pharmaceutical companies such as GlaxoSmithKline and Merck are making vaccines more

readily available.

However opportunities remain to improve immunisation policy to eradicate infections that still occur in

epidemics such as pefiussis and seasonal influenza and in pandemics such as novel influenza strains,

The recent H1N1 pandemic emphasizes the need for continuing innovative technologies to control disease

by vaccination in addition to other public health strategies.

The development of new vaccines such as meningococcal, human papillomavirus and respiratory virus

vaccines, to address new indications such as cervical cancer and respiratory infections, has only been

achievable due to the development of new technologies.

lmprovements in vaccine delivery, including the use of combination vaccines to reduce the number of

needles administered to children is likely to enhance acceptability of new vaccines in the community, ln

addition, new techniques for vaccine administration, including nasal drop or nasal spray delivery are likely

to increase compliance and improved immune response with induction of both mucosal and humoral

immunity.

However, the most pressing problem in the 21st century is the provision of modern vaccines to the poorest

parts of the world with the highest burden of disease,
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The recent past has shown a growing focus on vaccine safety. Given that vaccines are administered

mainly to healthy children and adults in many countries, rare but serious illnesses that would have occuned

anyway will coincidentally follow vaccination. Understanding adverse events by acquiring valid scientific

data and informing the community in a transparent and timely fashion is essential to avoid erosion of

community confidence in vaccination,

Vaccinology is an evolving discipline requiring extensive research into epidemiology of disease, clinical

trials of new vaccines and social epidemiology to ensure the safety and effectiveness of new vaccines with

optimal intake once introduced into the community,

This thesis describes my 12 years of research in vaccinology and the contribution I have made to this

public health revolution with the help of many colleagues,
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Chapter 1: New Combination Vaccines

New technologies have expanded the number of infectious diseases we are now able to prevent through

vaccination. However there is likely to be a limit to the number of injections parents find acceptable to be

administered to their children at one vaccination encounter, The use of combination vaccines provides a

practical way of providing the greatest protection with timely vaccination coverage for the youngest, most

vulnerable infants,

The advantage of combining antigens to protect against a multitude of infections in one vaccine has

prompted fufiher research into both the pharmaceutical and immunological interactions between vaccines.

However antigens cannot be combined indiscriminately as each combination may affect the

immunogenicity of the individual components, Little is known about the immunological interactions caused

by combinations of vaccine antigens. Chemical incompatibility or immunologic interference may result in a

vaccine that is immunologically inferior to separate administration of the vaccine components. Factors

such as pH of the medium, the presence and type of adjuvant and the type of preservative used may

influence the immunogenicity of the different components of the combination vaccine.

Therefore it is essential that every new combination vaccine be tested in clinical trials to establish whether

the new combination vaccine provides at least as good immunogenicity as separate vaccines containing

the same antigens. As outlined in this chapter, Haemophilus influenzae type b (Hib) vaccines can show

reduced immunogenicity when combined with diphtheria, tetanus, acellular pertussis (DTPa) vaccines

(Paper 1) but increased immunogenicity when added to other conjugate vaccines (Paper 4). Not only is it

imporlant to compare the amount of antibody but also the quality or functionality of the antibodies

produced. ln addition, consistency in immunogenic response must be demonstrated amongst vaccine lots

prior to a vaccine being licensed.

Notably, large safety studies are also required to ensure that new combination vaccines do not cause more

reactogenicity than separately administered vaccines.
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Once the combination vaccine has been trialed and found to be at least as immunogenic and safe as

separate administration of the vaccine components, the impact on the immunogenicity and reactogenicity of

other co-administered vaccines needs to be evaluated.

lnfant vaccines are given from two months of age to provide protection as early as possible against

infections known to cause morbidity or sequelae in this vulnerable age group, Combination DTPa vaccines

have been used for the past 15 years in Australia. The obvious next step is to combine other newer

antigens with DTPa to be given to infants in one injection,

The studies presented in Chapter 1 of this thesis provide valuable insights into clinical research with new

combination vaccines, several of which are now licensed in Australia or overseas.

1, Marshall H, Mclntyre P, Roberton D, Dinan L, Hardt K. Primary and booster immunization with a diphtheria,

tetanus, acellular pertussis, hepatitis B (DTPa-HBV) and Haemophilus influenzae type b (Hib) vaccine administered

separately or together is safe and immunogenic. lnternational Journal of lnfectious Diseases. 2009 (ln press).

lmmunological interference is known to occur from studies of combination vaccines including Haemophilus

influenzae type b. Little is understood about the mechanism of interference giving rise to marked

depression of responses to Hib conjugates in combination vaccines also containing diphtheria, tetanus,

acellular peftussis antigens,

ln Paper 1 the immunogenicity and safety of a combined diphtheria, tetanus and acellular perlussis,

hepatitis B and Haemophilus influenzae type b (DTPa-HepB-Hib) vaccine was compared with separate

administration of diphtheria, tetanus and acellular pertussis hepatitis B (DTPa-HepB) and Haemophilus

influenzae type b (Hib) lor primary vaccination in infants. A follow-up study investigated the

immunogenicity and safety of booster vaccination with DTPa-HBV-H|b as a single injection given in the

second year of life.

Primary immunisation with the combined vaccine resulted in high levels of seroprotection, (94%) against

the Hib PRP antigen and 97% seroprotection for separate injections. For hepatitis B, no difference was
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observed between the combined or separate methods of vaccine administration. However the proportion of

subjects with anti-PRP antibody levels consistent with long term protection (>1.0 pg/ml), and anti-PRP

antibody geometric mean concentration (GMC), was higher in the group that received separate injections,

lmportantly, Hib antibody concentrations of > 1.0 pg/ml have been shown to be associated with long{erm

protection, As mentioned above, the combined administration of Hib tetanus-conjugated vaccines with

DTPa-based vaccines can reduce the level of circulating antibodies to Hib PRP compared to separate

administration of the Hib vaccine. However, it has also been shown that the functional nature of the

antibodies against Hib produced by combined DTPa-Hib vaccines is the same as those induced by

separate injections, and that immunological memory is induced. Although a lower Hib GMC was measured

in children who received the combination vaccine, this difference is unlikely to have clinical significance.

This is supported by epidemiological data that show a decrease in Hib disease in countries using

combination DTPa-Hib vaccines in their immunisation program.

ln this study, a dose of plain PRP was given to infants at 12 months of age as a "pseudo challenge"

mimicking Hib infection, to demonstrate effective priming and immunological memory in children who

developed a lower antibody response to Hib. The anamnestic response observed following plain PRP

challenge and the booster DTPa-HBV-H|b dose confirmed results from other studies with DTPa-Hib

combination vaccines showing induction of immune memory.

This response to PRP challenge, at an age where no significant response to the polysaccharide is

expected, is indicative of immunological memory and confirms the findings of other studies.

The imporlance of a booster dose of Hib conjugate vaccine in achieving effective and long{erm immunity is

well recognised. ln Germany, missing the recommended booster dose was associated with an increase in

Hib disease. lmmunity after primary vaccination without booster was shown to wane over time in the United

Kingdom, with a fall in vaccine effectiveness to 37.3% two years post vaccination, Concerns about the

efficacy of Hib in DTPa-Hib combination vaccines have been negated by epidemiological data showing that

when these vaccines have been included in routine infant schedules they have been highly successful in

prevention of Hib disease.
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ln terms of other vaccine antigens, the proportion of subjects who developed seroprotective antibody

concentrations against diphtheria, tetanus and hepatitis B or a vaccine response to pedussis antigens after

the booster dose was high, and robust increases in antibody concentrations were observed regardless of

the vaccine administered for the primary vaccination course.

ln relation to safety, combining the DTPa-HBV and Hib vaccines did not result in increased reactogenicity

for either primary or booster vaccination, ln this study, the combined DTPa-HBV/H|b booster vaccination

was found to be safe. DTPa-HBV and Hib vaccines were shown to be safe and immunogenic whether

administered as a single injection or as separate injections for primary and booster vaccination of infants,

This study adds to the literature on combination vaccines by examining further the immunogenicity of

combination vaccines containing Hib and demonstrating an anamnestic response to a primary course of

Hib vaccine in children identified as low responders to Hib.

Combination vaccines and co-administered vaccines

2, Marshall H, Nolan T, Roberton D, Richmond P, Lambert S, Jacquet J-M, Schuerman L, A comparison of

booster immunisation with a combination DTPa-lPV vaccine or DTPa plus IPV in separate injections, when

co-administered with MMR at age 4-6 years, Vaccine, 2006;24:6120-6128.

The World Health Organisation has implemented polio immunisation programs globally to reduce and

hopefully eliminate polio in both the developed and developing world, ln countries such as Australia and the

United States of America (USA), where oral (sabin) live attenuated polio vaccine (OPV) has been given

routinely as part of infant immunisation programs for the past 40 years, wild type polio has essentially been

eliminated. However OPV is associated with a rare side effect - vaccine associated paralytic polio (VAPP),

lnactivated polio vaccines (lPV) were used in the 1950s before the development of live attenuated OPV

and have been used exclusively for polio control by some countries since that time. Use of IPV has the

advantage of eliminating the small (1 case in 2,4 million doses) but significant risk of VAPP, ln the USA

where 8-10 cases of VAPP were repofied each year, IPV was introduced in 1997 to ensure no further

VAPP occurred. Australia introduced IPV into the national immunisation program in 2005 in the form of a
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combination vaccine to avoid separate administration of IPV when children are already receiving three

injections at many immunisation encounters. However prior to introduction of a combination vaccine into

the routine immunisation schedule the vaccine must be demonstrated to show no interference with other

co-administered vaccines. Paper 2 describes a study conducted to assess the safety and immunogenicity

of a combination diphtheria, tetanus, acellular pertussis and inactivated polio (DTPa-lPV) vaccine

compared to separate administration of DTPa and IPV co-administered with measles, mumps, rubella

(MMR)vaccine as a pre-school booster.

Comparisons of the immune responses against all antigen components administered in combined and

separate admi n istration, conf irmed no difference i n immunogenicity.

The immune responses to MMR antigens administered concomitantly were similar whether DTPaIPV or

DTPa +lPV was administered. This study provided immunogenicity and safety data for co-administration of

a pre-school booster MMR vaccine with DTPa-lPV which had not been available previously. Reactogenicity

events and adverse events to MMR vaccine were similar in both groups and occurred in this study in similar

or reduced frequency to other literature repofts,

It is expected that increased use of IPV in the form of combination vaccines will reduce the frequency of

VAPP due to oral live poliovirus vaccine. The introduction of IPV containing combination vaccines has not

only resulted in fewer injections for infants and children but also the opportunity to provide safer vaccines

for children.

Data from this study were included in the file submitted to the Therapeutic Goods administration (TGA) for

licensure of this vaccine in Australia. The vaccine, "lnfanrixlPV" is currently used in the National

lmmunisation Program (NlP) in Australia and in other countries such as the US (KinrixTM),

Combination vaccine - the importance of consistencv

3. Nolan T, Lambert S, Robefion D, Marshall H, Richmond P, Streeton C. DTPa-HBV-IPV vaccine for

primary vaccination of infants. Journal of Paediatrics and Child Health .2007;43:576-81.

The complications inherent in the development of combination vaccines should not be underestimated,

Apart from the technological advances involved, there are increasingly rigorous regulatory requirements
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that mandate pafiicular conditions products must meet. Today's regulatory environment is much more

complex than that which existed when older combination vaccines were originally licensed.

The development of a combination vaccine containing a complex mixture of components, some which may

be themselves combinations of antigens (eg IPV or Pertussis) requires that the product must be

manufactured in a consistent way. ln addition, different regulatory authorities in different countries have

different requirements for licensing of vaccines.

Paper 3 describes the immunogenicity and safety results of a combination diphtheria, tetanus, acellular

pertussis, hepatitis B and inactivated polio (DTPa-HBV-lPV) vaccine in Australian children, The immune

response to and reactogenicity of the combined vaccine was previously demonstrated to be similar to that

of separate administration of the component vaccines, Consistency of the product was measured by

comparing the immune response in children receiving vaccine produced from small manufacturing lots to

vaccine produced from large manufacturing lots.

ln this study we were able to demonstrate that the DTPa-HBV-lPV vaccine, including vaccine manufactured

by the larger scale IPV manufacturing process, was highly immunogenic and safe in Australian children,

with the vast majority of subjects developing seroprotective antibody concentrations against diphtheria,

tetanus, hepatitis B and polio, and a vaccine response to pertussis antigens after primary vaccination. Our

study showed that DTPa-HBV-IPV had a good safety profile and was well tolerated when administered to

Australian children.

Local reactogenicity in the combined DTPa-HBV-lPV group (including the small and large IPV

manufacturing process cohorls) was similar to that of the licensed Hib vaccine given in the opposite limb

during the same study visits, an observation made previously in German infants when given at 3-4-5

months of age, Safety after completion of the primary vaccination course was assessed for an extended

period with no evidence of long{erm adverse effects related to vaccination.

The data from this study were included in the file for licensure with the TGA and Federal Drug

Administration (FDA). The DTPa-HBV-IPV vaccine is now licensed in Australia under the trade name
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"lnfanrix Penta" and is used in the immunisation program in the Norlhern Territory and in the US is licensed

under the trade name "Pediarix",

Combination "Meninqitis" vaccines

4. Nolan T, Lambefi S, Robefton D, Marshall H, Richmond P, Streeton C, Poolman J, Boutriau D, A novel

combined Haemophilus influenzae type-b-Neisseria meningifidrs serogroups C and Y{etanus{oxiod

conjugate vaccine is immunogenic and induces immune memory when co-administered with DTPa-HBV-

IPV and conjugate pneumococcal vaccines in infants. Vaccine, 2007;25:8487-8499.

Haemophilus influenzae type b, pneumococcus and meningococcus are the commonest causes of

bacterial meningitis in children. ldeally a combination vaccine to provide protection against all three bacteria

would simplify the vaccination schedule. Pneumococcal vaccines currently in use are conjugate vaccines

providing protection against seven pneumococcal serotypes causing invasive disease in children. A

recently licensed pneumococcal conjugate vaccine, "Synflorix", will provide protection against 10 different

serotypes.

Vaccines to prevent meningitis caused by Hib and Nelssena meningitidis are now being developed. There

are five different meningococcal serogroups (A, B, C, W, Y) that cause invasive disease in humans. ln

Australia, prior to the introduction of a meningococcal C vaccine program, approximately 33% of cases

were caused by serogroup C and 66% by serogroup B. This program has been so successful that cases

due to serogroup C are now rare with 90% of cases due to serogroup B and up lo 7% of cases due to

serogroups W or Y. lnternationally, serogroup Y is a significant cause of meningitis, During the last

decade in the US, the proportion of meningococcaldisease due to serogroup Y rose lrom2o/o in 1990-1992

to 39% in the period between 1996 and 2001, ln the same period, serogroup C accounted Íor 31% of cases

overall, making serogroups C and Y together the cause of approximately two out of three cases of

meningococcal disease in the US.

By combining a Meningococcal CY conjugate vaccine with an existing Hib conjugate vaccine infants would

receive additional protection without extra injections, This novel Hib-MenCY-TT conjugate vaccine is the

first investigational vaccine that combines the Hib antigen with conjugated MenC and MenY antigens in
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order to extend protection of infants against further serogroups contributing to meningococcal disease in

children.

ln Paper 4, the evaluation of a novel combined Hib-N. meningitidis serogroup C and Y vaccine conjugated

to tetanus toxoid (Hib-MenCY-TT) for the primary vaccination of infants is described, Hib-MenCY-TT in

three different dosages was administered concomitantly with routinely administered, commercially available

vaccines. This results of this study showed that the Hib and MenC components of the Hib-MenCY-TT

vaccine were as immunogenic as currently licensed monovalent Hib and Men C vaccines. The MenY

component resulted in bactericidal antibodies in at least 98% of vaccinated infants.

These results demonstrated that the Hib-MenCY-TT vaccine is likely to provide protection against disease

due to Hib and N. meningitidis type C and type Y, Antibody persistence after primary vaccination was

assessed at 1 1 to 14 months of age, At the same time immune memory (or an anamnestic response) was

assessed by immunisation with a reduced dosage (10 ug) of plain polysaccharide (to mimic meningococcal

infection),

We observed significantly higher levels of MenC antibody persistence in some Hib-MenCY-TT groups

(2.51515 and 5i'10i10), who had lower post-primary bactericidal MenC antibody levels compared to the

licensed MenC vaccine. ln the Hib-MenCY-TT groups (2.51515 and 5/10/10), a higher proporlion of subjects

achieved protective bactericidal MenC titres >1:128 after polysaccharide than subjects who received the

licensed Men C vaccine, Although interference with tetanus toxoid (TT) based polysaccharide vaccines

has previously been shown, we did not observe this in the current study with Hib-MenCY-TT. lt is likely that

not only the amount of TT plays a role, but that there are critical factors related to the number of

polysaccharides that use TT as a carrier,

The three dose levels of Hib-MenCY-TT combination vaccine tested contained lower amounts of Hib PRP

than currently licensed Hib vaccines, The ability of vaccines containing reduced amounts of Hib PRP-TT to

induce priming and immune memory that is equivalent to licensed products has now been well documented

both for monovalent and combined Hib vaccines containing reduced Hib PRP-TT. The tetanus toxoid

carrier protein used to conjugate the two meningococcal components of the vaccine may also have

enhanced the immunogenicity to the Hib vaccine. There was a higher response in the Hib-MenCY-TT
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2.51515 and 5/10/10 groups compared with the licensed Hib vaccine, both in terms of the propotlion of

subjects who reached the 1,0p9/ml cut-off (long term protection) and antibody GMCs after the

polysaccharide challenge, The results of this study lead to the selection of the dose of Hib-MenCY-TT

(2.51515) that would be used for Phase lll clinicaltrials and eventually the licensed product.

ln the countries where a substantial proportion of meningococcal disease is caused by serogroup Y, a

bivalent CY-vaccine is needed to have any substantial impact on meningococcal disease control. The

present study demonstrated that MenC and MenY conjugated to TT can be successfully combined with Hib

conjugate vaccine containing a reduced amount of PRP without compromise in the immune response or

reactogenicity profile of any component, and thereby avoiding additional injections in the already crowded

immunisation schedule. The results of this study suggest that Hib-MenCY-TT 2.51515 vaccine can be

administered in a2-4-6 month schedule with other recommended vaccines, without immune interference.

Subjects primed with the Hib-MenCY-TT 2.51515 formulation showed consistently higher bactericidal activity

and antibody responses to MenC and PRP after polysaccharide challenge, compared to those primed with

commercially available monovalent Hib and MenC vaccines. ln terms of the MenC response, better

persistence from the primary response till the pre-booster time-point was also observed. The MenY

component of the novel vaccine was also shown to be immunogenic and induces successful priming with a

robust immune memory response. The safety profile in the Hib-MenCY-TT groups was at least as good

when compared to the licensed Hib and Men C vaccines,

The results of this study were presented at the annual meeting of the Pediatric Academic Societies (PAS),

San Francisco, USA, April 29 - May 2, 2006 and the 45th Annual meeting of the lnfectious Diseases Society

of America (IDSA) San Diego, California, October 4-7,2007.
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5ummary
Objectives: The aim of this study was to evatuate the safety and immunogenicity of DTPa-HBV
and Hib vaccines given mixed or separately to 360 heatthy infants aT2, 4, and 6 months of age.

lvlethods: lmmune memorywas assessed in lower responders (post-primary anti-PRP <0.545 p"g/

mt), through administration of plain potyribosytribitol phosphate (PRP) at 12-1 5 months. Att
subjects received a DTPa-HBV/Hib booster at 18-19 months.
Results: One month after primary vaccination, 98% had seroprotective antibody levels against
HBV and 94-97% against Hib (anti-PRP > 0.15 pglmt). A statisticatty significant difference
between groups was observed in the proportion of subjects who achieved anti-PRP antibodies
>'l .0 pg/mt post-primary vaccination; 68.1%for DTPa-HBV/Hib and 84.5% for DTPa-HBV and

Hib. PRP administered to lower responders produced a 7-fotd increase in anti-PRP antibodies,
indicative of immunological memory. After DTPa-HBV/Hib booster vaccination, 96-100% of
subjects had seroprotective antibody concentrations against Hib, hepatitis B, tetanus, and

diphtheria and high vaccine response rates against pertussis toxoid, filamentous hemagglutinin,
and pertactin.

* Corresponding author. Te[.: +ó1 8 81 61 81 1 5; fax: +61 I 81 61 7031

E-mail address: heten.marshatt@adelaide.edu.au (H. Marshalt).

1201-9712/536.00 O 2009 lnternational Society for lnfectious Diseases. Published by Elsevier Ltd. Att rights reserved.
doi: 10. 101 6/j.ijid.2009.03.004
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Conclusion: A robust and protective Hib response was demonstrated fottowing ptain PRP and/or a

booster conjugate Hib vaccine in both lower and higher Hib responders.

O 2009 lnternational Society for lnfectious Diseases. Published by Elsevier Ltd, Att rights reserved.

lntroduction

The National lmmunisation Program in Austratia currentty
recommends primary vaccination with diphtheria, tetanus
and acellutar pertussis (DTPa), inactivated potio vaccine
(lPV), hepatitis B virus (HBV), Hoemophilus influenzae type
b (Hib), rotavirus and 7-vatent pneumococcal conjugate
vaccines for infants.l A booster dose of Hib is provided at
12 months of age in addition to meningococcal C vaccine and
measles, mumps and rubetta vaccine. The combination DTPa

vaccine was introduced as the standard recommendation in
Austratia in 1997-1999.2 A national program for Hib vaccina-
tion was begun in 1993, and has resulted in substantial
reductions in invasive Hib disease.3

The increasing number of vaccines available for immuni-
zation against numerous childhood diseases has the effect of
making vaccination schedules progressivety more comptex,
which may be a significant barrier to the success of immu-
nization programs.a The large number of injections required
if each vaccine is administered separately can atso be a

source of distress to parents and chil,dren.s The use of
combination vaccines can reduce the number of injections,
simptify immunization schedutes, reduce the risk of detayed
doses, improve patient convenience by requiring fewer ctinic
visits, reduce the perceived pain and distress for the chitd,
and reduce costs associated with vaccine administration.6 A

study of infant immunization in Sydney found that adminis-
tration of DTB Hib and HBV vaccines was often fragmented
across separate visits, with a risk of missed or detayed doses,
and concluded that there was a need for a combination
DTPa-HBV-Hib vaccine. 7

Eartier studies have established the effectiveness of a

quadrivatent DTPa-HBV vaccine8 and the feasibitity of com-
bining DTPa-HBV and Hib vaccines in a single injection for
primary vaccination in heatthy infants.e 12

Atthough the purpose of combination vaccines is to reduce
the number of needtes administered to chitdren, it is essen-
tiat that vaccine efficacy is not compromised. lt has pre-
viousty been documented that combining Hib tetanus
conjugated vaccines with DTPa vaccines can result in a lower
level of circulating antibodies to the capsular potysaccharide
potyribosytribitot phosphate (PRP) compared to separate
administration of the vaccines. The reasons for the decrease
in antibody response in some DTP/Hib combination vaccine
studies remain unclear, but the variation in resutts observed
suggests these differences are vaccine-specific.13 Possible
reasons for decreased immunogenicity of Hib in DTPa com-
bination vaccines inctude direct interference between dif-
ferent antigens when mixed, epitope-specific suppression,
and/or variation in adjuvants in vaccines studied.l3 However
the variabitity in response is unlikely to be of any ctinical
significance as the protective efficacy of DTPa-Hib combina-
tion vaccines with lower antibody concentrations has been
estabtished.la'1s ln addition, immunotogical memory has

been demonstrated in studies where contact with unconju-

gated (plain) PRP antigen foltowing priming with a combina-
tion Hib vaccine has resulted in induced functional Hib
antibody.16 Ptain PRP used in this study and in others as an

immunotogical chatlenge, is used to mimic exposure to wild-
type Hib infection as a method of assessing immunological
memory.17'18

Data have atso shown that when corrected for total anti-
body [eve[, anti-PRP antibody avidity does not differ with
different methods of administration including administration
of Hib separatety or in combination.la

The aim of this study was to investigate the immunogeni-
city and reactogenicity of a candidate Hib vaccine and
quadrivalent DTPa-HBV vaccine given either as a single
mixed injection or administered simultaneousty in opposite
[imbs for primary vaccination to heatthy infants at 2, 4, and 6
months of age. A fotlow-up booster study was conducted in
which the DTPa-HBV and Hib vaccines were administered as

a singte injection to the same subjects during the second year
of tife.

Materials and methods

Study design and subjects

The primary vaccination study (208140/039) was an open-
[abe[, randomized, comparative trial conducted in two cen-
ters in Australia. Heatthy infants of either sex, and aged
between 8 and 12 weeks at the time of first immunization,
were randomized to receive either a singte vaccination with
combined DTPa-HBV/Hib or separate injections of DTPa-
HBV and Hib in opposite thighs, at2, 4 and 6 months of age.
Subjects were excluded if they had obvious heatth probtems
estabtished by clinicat examination and/or medical history
or if they had a history of previous exposure to diphtheria,
tetanus, pertussis, hepatitis B, or Hib vaccination or disease.

Subjects compteting the primary vaccination study were
etigibte to enter an open-label booster study conducted at
the same centers (208108/043) and to receive a singte
injection of DTPa-HBV/Hib vaccine at 18-19 months of
age. To assess immune memory in subjects potentialty at
risk (i.e., low anti-PRP response after primary vaccination),
40 subjects with anti-PRP values betow 0.545 pg/ml after
primary vaccination (lower responders) received a dose of
ptain PRP at 12-15 months of age fottowing the primary
vaccination. The cut-off (0.545 pglmt) was based on the
anti-PRP antibody responses of the first 100 subjects eva[-
uated in the primary vaccination study and was chosen so as

not to chaltenge subjects who had already shown a very high
response to primary vaccination.

Both study protocots were approved by the ethics com-
mittee at each trial center, and the studies were conducted
in accordance with the Declaration of Hetsinki and Good
Ctinicat Practice guidetines. The parent or guardian of each
subject provided written informed consent before any study
procedure was performed.
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Study vaccines

At[ vaccines were manufactured by GtaxoSmithKtine (GSK)

Biologicats, Rixensart, Betgium. The DTPa-HBV licensed vac-
cine contained, per 0.5 m[ dose, diphtheria toxoid >30 lU,
tetanus toxoid >40 lU, pertussis toxoid (PT) 25 pg, fitamen-
tous hemaggtutinin (FHA) 25 pg, pertactin (PRN) 8 pg, and
recombinant surface antigen of the hepatitis B virus (HBsAg)

10 pg. The candidate Hib conjugate vaccine contained, per
tyophitized dose, PRP 1 0 pg conjugated to tetanus toxoid 20-
40 pg adsorbed onto atuminum salts as adjuvant, and lactose
10 mg. ln addition to the study vaccines a([ infants received
oral potio vaccine in accordance with the Austratian Standard
Vaccination Schedule.

lmmunogenicity assessment

Blood samples for immunogenicity assessment were taken
immediatety before the first primary vaccine dose and one
month after the third dose. ln the booster study, blood
samples were taken before and one month after the
DTPa-HBV/Hib booster vaccine dose. ln the subset of sub-
jects receiving ptain PRP (10 ¡rg), btood samptes were also
taken before and 7-10 days after the dose of PRP.

Total antibodies to Hib PRP were measured using a radi-
otabeted antigen binding assay with a cut-off of 0.15 pglmt.
Antibodies against HBsAg (anti-HBs) were determined using
a commerciatty avaitabte radioimmunoassay (AUSABTD,

Abbott Laboratories, Abbott Park, lL, USA) with a cut-off
of 10 mlU/mt. Antibody concentrations >10 mlU/m[ were
considered as protective. Antibodies against diphtheria and
tetanus toxoids were measured by ELISA techniques, with a

cut-off [eve[ of 0.1 lU/mt. Antibodies (lgG) against PI FHA,
and PRN (pertussis antigens), were measured by EL|SAwith a

cut-off of 5 ELISA units (EL.U)/mt. Avaccine response to Pf,
PRN, and FHA after the booster dose was defined as appear-
ance of antìbodies in initiatty seronegative subjects or a2-
fotd increase in antibody concentration in initiatty seropo-
sitive subjects.

Safety and reactogenicity assessment

Diary cards were distributed to the parents or guardians to
record solicited and unsoticited symptoms and adverse
events. Reactogenicity was assessed by measuring the
appearance of soticited [oca[ symptoms (pain, redness,
or swelting at the injection site) or general symptoms
(irritabitity/fussiness, fever, vomiting, diarrhea, resttess-
ness, sleepiness, unusual crying, drowsiness, and loss of
appetite) during a 4-day follow-up period after each vac-
cination dose. Unsolicited adverse events (AEs) and serious
adverse events (SAEs) were recorded throughout the study
period. lntensity was assessed on a three-point scale where
grade 3 intensity for soticited symptoms inctuded crying
when the [imb was moved or a spontaneousty painful [imb,
crying that coutd not be comforted or that prevented
normal everyday activity, drowsiness that prevented nor-
mal everyday activity, loss of appetite such that the study
subject did not eat at a[t. Local redness and swelling were
assessed by measuring the [argest diamete¡ where grade 3

was >20 mm.

Statistical analyses

The study was exploratory. Antibody seroprotection/seropo-
sitivity and vaccine response rates against vaccine antigens
for the according-to-protocol (ATP) cohort were catculated
with exact 95% confidence intervals (Cl). Geometric mean
antibody concentrations (GMC) with 95% Cl were catculated
from the anti-tog of the mean of log-transformed values.
Antibody concentrations betow the lower timit of detection
of the assay were assigned an arbitrary value of half the cut-
off for the purpose of GMC calculatìon.

Reactogenicity was evaluated by catcutating the percen-
tage (and 95y" Cl) of doses followed by a report of at least one
solicited or unsoticited local or general symptom during the
defined fo[[ow-up period after vaccination. For each group,
the incidence of each symptom overatl and rated as grade 3

was recorded. Values were considered as significantty differ-
ent between groups if the 95% Cl did not overlap.

Results

Demographics

The primary study was conducted between November 1996
and January 1998, and enrotted 360 infants. The booster
study took place between January 1998 and January 1999
and included 27ó subjects. Figure'l presents the disposition
of subjects in both studies. Att but three infants completed
the primary vaccination course (alt were tost to fo[[ow-up).
The ATP cohort for immunogenicity comprised 378 (91.1%)
infants. Thirty-two subjects were excluded from the ATP

anatysis (randomization failure (1), initialty seropositive or
entry status unknown (4), prohibited medication (1), non-
comptiant with vaccination or blood sampling schedute (21),
and essential serotogical data missing (5)).

ln the primary study, the mean age at first dose was 8.6
weeks and 1681328 (51 .2%l were male. The mean age at the
time of PRP chatlenge was 13.4 months in the subgroup that
received ptain PRP vaccination, and the mean age at the time
of booster vaccination was 17.9 months and 18.0 months in
the subjects primed with DTPa-HBV + Hib and DTPa-HBV/
Hib, respectively.

lmmunogenicity

Primary vaccination
Anti-PRP and anti-HBs antibody concentrations were evalu-
ated prior to and after the primary vaccination course.
Seroprotection rates and GMCs one month after the third
dose of primary vaccination are presented in Tabte 1.

A total of 94.4Y" (95% Cl 89.6-97.4%\ of subjects in the
combined DTPa-HBV/Hib group had seroprotective antibody
concentrations against Hib (anti-PRP >0.15 pglmt) com-
pared with 97 .6% (95y" Cl 94.0-99.3%) in the group receiving
separate injections. A higher proportion of subjects in the
group that received separate injections reached an antibody
[eve[ against PRP of >1 .0 pglmt (84.5%, 95% Cl78.2-89.6%\
compared with the group that received the combined injec-
tion (68.1%, 95% Cl 60.3-75.3%1. The GMC for anti-PRP
antibodies was also higher in the group that received sepa-
rate injections (4.553 p.glml (957. Cl 3.647-5.685 pglmt))
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Primary vacc¡nation study

Booster study

Figure I Disposition of subjects inctuded in the primary and booster vaccination trials

than in the group that received the combined injection
(2.034 pg/mt t\95% Cl 1.574-2.628 pglmt)).

Anti-HBs antibody levets of >10 mlU/mt one month after
the third dose were high in both groups, occurring in 98.8% of
subjects receiving a singte injection and 98.2% of subjects
receiving separate injections.

Plain PRP challenge: assessment of immune memory
lnfants younger than 18-24 months of age cannot mount a

seroprotective response to plain polysaccharides such as PRP

untess immune memory has been previously primed. The
presence of immune memory was assessed in the subset of
40 subjects that were lower responders, by measuring the
increase in anti-PRP antibody concentrations 7 days after the
administration of ptain PRP at 12-1 5 months of age. Twenty-
five [ower responders had received priming with combined
DTPa-HBV/Hib vaccine and 1 5 had received DTPa-HBV + Hib

vaccines. The results show that after a PRP chattenge, the
anti-PRP antibody GMC rapidty increased, indicating that
anti-PRP immune memory had been induced regardtess of

160 ATP Analysis of immunogenicity 1 68 ATP Analysis of immunogenicity

2 inifìally seroposilìve/ unknown ânlibody status
1 ådmin¡stråtion of forb¡dden medicatiôn
2 0on-compliance with vËccinåtion
11 non-compliâncè w¡th þlood sampling
3 essêólial serological dâtâ m¡ss¡n9

2 ¡nilially sèropoËilivô/ unknown ântibôdy slalus

3 non-eompliânce with vaccinal¡on
0 non"compl¡ance with blood sampling
2 essenl¡aì serolog¡câl dåla m¡ssing

180 Analysis of reactogen¡city179 Analysis of reactogenicity

1 rándomisat¡on
failurÊ

178 completed 179 completed

2 losl to lollow up 1 lost to lollow up

180 DTPa-HBV/Hib 180 DTPa-HBV + Hib

360 enrolled

276 vaccinated

with DTPa-HBViH¡b

1 17 DTPa-HBV/HIb primed '119 ÞTPa-HBV+ Hib primed

276 enrolled
18-19 months

Plain PRP booster

40 low responders
IDTPa-HBVlHib or DTPa-HBV + Hlb prìmèd)

12-15 months



Primary and booster immunization with separate or combined DTPa-HBV and Hib vaccine e45

Table 'l SeroProtection/seropositivity rates and antibody geometric mean concentrations one month after the third dose of
DTPa-HBV and Hib vaccines (ATP cohort for immunogenicity)

DTPa-HBV/Hib (N = 1ó0) DTPa-HBV + Hib (N = 168)

Antigen u 95% Ct GMC 95% Ct v 95% Ct GMC 95%Ct

Anti-PRP
>0.15 ¡rg/mt
>1.0 pglmt

Anti-HBs
>10 mlU/mt

89.6-97.4
60.3-75.3

94.4
ó8.1 "

2.034 1.574-2.628 97.6
84.5'

94.0-99.3
78,2-89.6

4.553 3.647-5.685

98.8 95.ó-99.8 920.3 752.1-1126.1 98.2 94.9-99.6 783.6 629.7-975.0

DTPa-HBV, diphtheria, tetanus, aceltutar pertussis, hepatitis B vaccine; Hib, Hoemophilus influenzoe type b vaccine; ATP, according-to-
protocot; N, number of subjects with available results; 95% Cl, 95% confidence intervaÌ; GMC, geometric meän concentration; anti-PRP,
antibodies to polyribosylribitot phosphate; anti-HBs, antibodies to the hepatitis B surface antigen.

u Statisticatty significant difference - 95% Cl do not overtap.

Table 2 Anti-PRP seroprotection rates and antibody geometric mean concentrations after the ptain PRP chattenge in subjects
ctassified as tower responders (anti-PRP <0.545 pglmt) one month after the prirnary vaccination course

Post- pri mary antibody concentration Anti-PRP >0.'l 5 pglmt GMC (rL"g/mt)

n v 95% Ct GMC 95% Ct

<0.15 pglmt
>0.'l 5 to <0.545 pglmt
Total

85.7
96.9
94.9

0.372
1.296
1.03ó

7
32

39

42.1-99.6
83.8-99.9
82.7-99.4

0.1 55-0.893
0.729-2.305
0.624-1.722

PRP, potyribosytribitot phosphate; GMC, geometric mean concentration; 95% Cl, 95% confidence intervat.

whether the subjects were primed with DTPa-HBV/Hib or
DTPa-HBV + Hib (Tabte 2; Figure 2). Before the ptain PRP

chalienge, 50% (95% Cl 33.4-66.ó%) of the lower responders
had anti-PRP >0.1 5 pg/mt, which rose to 94.9% (87.7-99.4%)
7 days post-PRP chaltenge (Tabte 2). Of tow responders with
post-primary anti-PRP antibodies <0.15 pg/mt, 85.7%
achieved seroprotective concentrations after the chattenge
dose. ln low responders the anti-PRPantibody GMC increased
7-fold from 0.146 pglml (95y" Cl 0.113-0.187 pglmt) pre-
vaccination to 1.03ó pg/ml (95% Cl 0.624-1.722p1/ml)
post-vaccination.

Pr¡mâJ with
ÞTPa-HBV/Hib

Pdmed wìth

separate

Booster vaccination
Prior to booster dosing with DTPa-HBV/Hib, antibody per-
sistence was similar in both groups, irrespective of whether
ihe primary vaccination had been administered using sepa-
rate or single injections (Table 3). One month after booster
vaccination, substantia[ increases in all antibody concentra-
tions were observed. The percentage of subjects with anti-
PRP >1.0 pglmt reached 98.2-100% after boosting. At least
99.1% of subjects had seroprotective antibody concentra-
tions against diphtheria, tetanus and hepatitis B after the
booster dose. Vaccine response rates as represented by anti-
Pl anti-FHA and anti-PRN antibody concentrations were also
high (over 9ó%). Overalt, the immune response to the booster
dose was similar for the two comparative treatment groups.

Safety and reactogenicity

Primary vaccination
Primary vaccination was well toterated in both groups
(Tabte 4). The incidence of grade 3 solicited symptoms was
low, and was simitar in both groups (Table 4). There were no
statisticatty si gnifi cant differences in reactogenicity between
the two groups.

The total number of unsolicited symptoms reported in the
30-day follow-up period after primary vaccination was 253 in
the group receiving the vaccines as a singte injection and 228
in the group receiving separate injections.

A total of 27 SAEs were reported during the study. Att
except one were considered unretated to vaccination by the
investigator. One SAE was assessed as probabty retated, a
hypotonic hyporesponsive episode that occuri'ed in the sepa-
rate vaccination group. The event lasted for 45 minutes,
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Figure 2 lndividuat responses to ptain PRP chaltenge by vac-
cine used for primary vaccination. Post-dose 3 = one month after
primary vaccination; Pre-PRP and post-PRP = prior to and 7 days
after chatlenge with plain PRP at 12-15 months of age. Each line
represents resutts from an individuat.
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'18-19 months (totat cohort)

DTPa-HBV/Hib primed DTPa-HBV + Hib primed

ïme point N /o 95% Ct GMC 95% Ct N v 95% Ct GMC 95% Ct

Anti-PRP
>0.15 pglmt
Anti-PRP
>1.0 pglml.
Anti-T
>0.1 lU/mt
Anti-D
>0.1 lU/mt
Anti-HBs
>10 mlU/mt
Anti-PT
>5 EL.U/mt
VR

Anti-FHA
>5 EL.U/mt
VR

Anti-PRN
>5 EL.U/mt
VR

Pre-booster
Post-booster
Pre-booster
Post-booster
Pre-booster
Post-booster
Pre-booster
Post-booster
Pre-booster
Post-booster
Pre-booster
Post-booster
Post-booster
Pre-booster
Post-booster
Post-booster
Pre-booster
Post-booster
Post- booster

103

114

103

114
105

114
104

114
't05

114

104

114

104

10'l

114

10'l

105

114
105

113

111

113

111

112

111
'112

111
't13

112

113

111

10ó

108
't11

101

113

111

10ó

81.ó
't00.0

24.3
98.2
74.3

100.0

43.3
100.0

85.7
100.0

48.1

100.0
96.2
99.0

100.0
97.0
91.4

100.0
99.0

72.7-88.5
96.8-100.0
16.4-33.7
93.8-99.8
ó4.8-82.3
96.8-1 00

33.6-5 3.3

9ó.8-1 00
77.5-91.8
96.8-1 00
38.2-58.1
96.8- t 00.0
90.4-98.9
94.6-100.0
96.8-1 00.0
9't.6-99.4
84.4-96.Q
9ó.8-100.0
94.8-1 00.0

0.464
70.286

0.1 58

5.762
0.089
4.369
76.7
2365.4
5.2
70.3

0.3ó5-0.591
55.522-88.977

0. 1 34-0.1 87
4.956-6.699
0.078-0. I 03

3.712-5.143
55.4-106.2
1696.7-3297.8
4.3-6.2
ó0.ó-81.6

33.5-48.'l
724.6-932.4

14.1-19.8
ó59.ó-913.8

79.1-92.4
96.7-100.0
15.6-31.9
96.7-100.0
81.0-93.7
95. 1-100
28.5-47.1
96.7-100
81 .1-93.7
9ó.8-100
37.5-5ó.5
95.1-100.0
94.9-100.0
96.6-100.0
9ó.7-1 00.0
93.0-99.8
82.2-94.4
9ó.7-100.0
93.4-99.8

0.383-0.604
64.275-95.981

0.201-0.274
7.364-9.948
0.072-0.094
2.912-4.022
53.8-93.4
1155.3-2',t29.3
4.1-5.5
53.0-72.3

35.3-47.8
614.0-818.2

13.4-19.3
530.3-754.8

86.7
1 00.0
23.0

100.0

88.4
99.'l
37.5

100.0
88.5

100.0

46.9
99.',|

99.1

100.0
100.0
98.0
89.4

100.0
98.1

0.481

78.544

0.235
8.559
0.082
3.422
70.8
1568.4
4.8
61.9

40.7

822.0

16.7

776.4

41.1

708.8

16.'l

632.7

fotd increase in antibody concentration in initiatty seropositíve subjects); EL.U, ELISA units; lU, international units.

-
=o,-
Ð

o
q,



Primary and booster immunization with separate or combined DTPa-HBV and Hib vaccine e47

Table 4 lncidence of soticited locat and general symptoms within the 4-day follow-up: primary vaccination (overall doses, ATP

reactogenicity cohort) and booster vaccination (total cohort)

Primary vaccination Booster vaccination with DTPa-HBV/Hib

DTPa_HBV/Hib
(N = s33)

DTPa-HBV + Hib (N = 538) DTPa-HBV/
Hib-primed (N= 116)

DTPa-HBV +

Hib-primed (N= 117)

Symptom

DTPa-HBV Hib

% 95%Cl % 95%Ct % 95%Ct ù
h 95% Ct

q 95% Ct

Pain

Grade 3 "

Redness

>20 mm

Swetting
>20 mm

Diarrhea
Grade 3b

Fever'
>37.5'C
>39.0'C

Fussiness
Grade 3 

b

Loss of appetite
Grade 3 

b

Restlessness

Grade 3 
b

Sleeping more
than usuat

Grade 3 
b

Unusual crying
Grade 3b

Vomiting
Grade 3b

16.2-73.1
0.0-1.0

34.5-47.9
1.2-3.9

71.7-29.2
7.9-6.6

13.5-20.9
0.4-2.4

31 .1-39.3
0.8-3.2

19,9-27 .2
2.3-5.7

1 0.0- 1 5.7
0.0-1 .3

40.6-59.4
2.5-12.0

44.4-63.1
1 .4-9.7

60.0-77.4
1 8.8-3 5.5

46.9-65.6
1 8.0-34.5

19.5

0.2
1ó.5

1.1

12.6

0.4
50.0
ó.0

53.8
4.3

38.6
2.3

35.1

1.7

25.1

0.9
70.7
29.3

69.7

26.5
21.5-29.0
0.3-2.2

8.5-13.9
0.0-1.3

61.5-78.8
21 .2-38.5

44.8-63.6
18.2-34.8

4.7-'t6.1
0.0-3 . 1

10.7-?5.0
0.5-7.3

34.9-53. 5

0.0-3.1

14.6-30.6
0.2-ó.0

23.1-40.5
0.0-4.6

10.0-24.0

3.5-14.0
0.0-3.1
1.4-9.6
0.0-3. r

25.3
4.5

23.4
3.7

11,0
0,4

54.3
25.9

56.4
25.6

17.1

0.4
16.2
0.4

8.6
0.0

9.3
0.0

14.0-20.5
0.0-1 .3

1't.6-17.7
0.0-1 .3

47.6-56.3
0.3-2.2

11.7-17.3
0.0-1.3

27.6-35.7
0.0-1.3

24.4-32.7

32.9-41.2
0.0-1 .3

11.2-17.3
0.0-1.3

13.2-19 .6
0.0-1 .3

8. ó-14.1
0.2-1.9

50.3-58.9
1.3-3.ó

12.1-18.4
0.0-0.7

27.9-35.9
0.0-0.7

74.5-32.3

36.5-45.0
0.1-1.ó

11.1-17.2
0.0-0.7

4.2-15,3
0.0-3.1

11.6-26.3
0.0-4.7

42.3-61.1
0.5-7.4

22.8-40.3
0.2-6.1

'18.9-35,7
't.4-9.8

1 3.0-28. 3

5.5-17.4
0.5-7.4
3.6-14.2
0.0-4.7

14.4
0.4

52.0
0.9

14.',1

0.4

31 .5

0.4

28.1

11.2

0.7

54.6

2.0

15.'l

0

31.8

0

28. 3

18.1

0.9

51.7
2.6

31.0
1.7

26.7
4.3

1 9.8

16.9
2.5

44.1
0.0

72.0
1,7

31.4
0.8

16.1

0.2 0.0-1.0 0.? 0.0-1.0 0.9 0.0-4.7 0.8 0.0-4.6

37.0
0.4

14.1

0.4

40.7

0.6
't3.9

0

10.3

7.6
7.8
0.9

7.6
0.0
4.2
0.0

ATP, according-to-protocot; DTPa-HBV, diphtheria, tetanus, aceltutar pertussis, hepatitis B vaccine; Hib, Hoemophilus influenzoe lype b
vaccine; N = totaI number of diary cards returned fottowing a[[ doses (results presented from subjects who did not receive PRP chattenge);
95% Cl, 95% confidence interva[; PRP, potyribosytribitol phosphate.

u Grade 3 pain at injection r¡¡s = pain such that the infant cries when the limb is moved.
b Grade 3 = symptom that prevents normat everyday activities.
' Fever = axittary temperature.

after which the subject recovered. No subject withdrew from
the study due to an AE.

Booster vaccination
Local symptoms were reported more commonty after the
booster dose, with pain redness or swetting reported by up to
70.7% of subjects (Tabte 4). ln contrast, with the exception of
loss of appetite and feveri the incidence of general soticited
symptoms tended to be lower than that fottowing primary
vaccination. Fever >39.0'C and grade 3 lossofappetitewere
uncommon. There was no appreciable difference between
groups (primed with DTPa-HBV/H|b or DTPa-HBV + Hib) in
terms of the incidence or intensity of soticited symptoms that
occurred after the booster dose of DTPa-HBV/Hib. Unsoli-
cited ctinical events were reported by 102 subjects in the

DTPa-HBV/Hib-primed group and 1 19 subjects in the DTPa-
HBV + Hib-primed group. One event (otitis media) was of
grade 3 intensity, but was not considered by the investigator
to be related to the booster dose. A total of nine SAEs were
reported, none ofwhich were considered related to the study
vaccine. At[ subjects recovered, and none withdrew from the
study due to a SAE.

Discussion

A large range of combination vaccines, including DTPa-HBV
DTPa-lPV, and DTPa-HBV-lPV (GtaxoSmithKtine Biotogicats)
have been devetoped, any ofwhrch can be reconstituted with
lyophitized conjugate Hib vaccine to provide protection
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against up to six diseases in a singte injection.r0 The efficacy
and safety of such DTPa-based combinations have been
estabtished in a range of ctinical studies in infants, toddters,
and schoot-age children. 1 1'1 e-zz

The study reported here evatuated the immunogenicity
and safety of DTPa-HBV and Hib vaccines administered as a

single mixed injection or as separate injections in opposite
timbs for primary vaccination in infants aged 2, 4, and 6

months. A fottow-up study investigated the immunogenicity
and safety of booster vaccination with DTPa-HBV/Hib as a

singte injection given in the second year of life. This study is

original in that ptain PRP was used to demonstrate an ana-

mnestic response to a primary course of Hib vaccine in
chitdren identified as non-responders and low responders
to Hib, prior to a booster Hib vaccination.

Primary immunization with the combined vaccine resulted
in high levels of seroprotection (94%\ against the Hib PRP

antigen (defined as anti-PRP antibody >0.1 5 pglmt) and 97%

seroprotection for separate injections. Simitarty for hepatitis
B, no statisticaIty significant difference was observed between
the combined or separate methods of vaccine administration
with overlapping95% Cl for seroprotection rate. However the
proportion of subjects with anti-PRP antibody levels of
>1.0 pg/ml, and anti-PRP antibody GMC, was higher in the
group that received separate injections. Concentrations of
specific anti-PRP antibody >0.15 ¡rglmt have traditionatty
been associated with short-term protection against natural
infections, whereas concentrations >1.0p9/ml have been

associated with Long-term protection.23'24 lt is wett documen-
ted that the combined administration of Hib tetanus-conju-
gated vaccines with DTPa-based vaccines can reduce the [eve[
of circulating antibodies to PRP compared to separate admin-
istration of the Hib vaccine.ll'14'tt However, it has also been
shown that the functiona[ nature of the antibodies against Hib
produced by combined DTPa-based/Hib vaccines is the same as

those induced by separate injections, and that immunotogical
memory is induced.l5'16

The results of the present study confirm these findings and
in addition demonstrate induction of immune memory to the
PRP antigen even in the lower responders. lndeed, a subset of
subjects with lower anti-PRP responses to primary vaccination
(defined using an arbitrary cut-off to identify the 1 0% of lowest
responders in the primary vaccination study) who received an

injection of ptain PRP at age 12-15 months showed an increase
in mean anti-PRP GMC of over 7-fotd. This response to PRP

chattenge, at an age where no significant response to the
polysaccharide is expected, is indicative of immunological
memory and confirms the findings of other studies.22 The dose

of ptain PRP in this study, mimicking Hib infection, was used to
demonstrate effective priming and immunological memory in
subjects who developed a lower antibody response to Hib. The
anamnestic response obsen¡ed foltowing ptain PRP chatlenge
and the booster DTPa-HBV/Hib dose confirm resutts from
other studies with DTPa-Hib combination vaccines showing
induction of immune memory.t7''5'26 ln addition studies that
have examined the functional and qualitative characteristics
of antibodies have shown no difference between separate or
mixed Hib vaccine administration.ls

The importance of a booster dose of Hib conjugate vaccine
in achieving effective and long-term immunity is wetl appre-
ciated. Missing the recommended booster dose was associated
with an increase in Hìb disease in GermanyTT and with a

reduction in prevention of Hib cotonization.2s lmmunity after
primary vaccination without booster was shown to wane over
time in the UK, with a fatl in vaccine effectiveness to 37.3% two
years post-vaccination.2s'2e Concerns about the efficacy of Hib
in DTPa-based/Hib combination vaccines have been negated
by epidemiotogical data showing that when these vaccines
have been included in routine infant schedutes they have been
highty successfuI in prevention of Hib disease.30

ln terms of other vaccine antigens, the proportion of
subjects who developed seroprotective antibody concentra-
tions against diphtheria, tetanus, and hepatitis B or a vaccine
response to pertussis antigens after the booster dose was

high, and robust increases in antibody concentrations were
observed regardless of the vaccine administered for the
primary vaccination course.

Mixing of the DTPa-HBV and Hib vaccines did not result in
increased reactogenicity for either primary or booster vacci-
nation. ln the booster study reported here, the combined
DTPa-HBV/Hib boostervaccination was found to be safe, with
no SAEs that were considered to be related to treatment, and

no withdrawats due to SAEs. There was however, a notable
increase in grade 3 pain and redness and swetting >20 mm

fotlowing the booster vaccinations in both groups. Booster
DTPa vaccination has been shown to be associated with a

higher rate of extensive [oca[ reactions than primary vaccina-
tion, the pathogenesis of which is tikety to be multifactor-
iat.31'32 However, these [oca[ reactions have been shown to
resotve spontaneously without any resulting sequelae.33

ln conclusion, DTPa-HBV and Hib vaccines have been
shown to be safe and immunogenic whether administered
as a single injection or as separate injections for primary
vaccination of infants at ages 2, 4, and 6 months. After
booster vaccination with combined DTPa-HBV/Hib vaccine
at age 18-19 months, 96-100% of subjects showed seropro-
tective/seropositive levels of antibodies against atl vaccine
antigens, and induction of immune memory to PRP was

demonstrated in [ow-moderate responders.
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Abstract

This study evaluated GSK's combined DTPa-IPV vaccine (InfanrixrM-IPV) given as a fifth consecutive acellular pertussis booster dose in

conjunction with the second dose of MMR vaccine (PriorixN) in children aged 4-6 years. The immunogenicity and reactogenicity of this

vaccine regimen was compared with separate injections of DTPa and IPV when given concomitantly with MMR. A cohort of 362 children

previously primed with four doses of DTPa and OPV and a single dose of MMR were randomized to receive either DTPa-IPV+MMR
(N=181) or DTPa+IPV+MMR (N=181). Antibody concentrations were measured prior to and 1 month after the booster dose. After
immunisation all subjects from both groups had seroprotective antibody levels against diphtheria, tetanus and the three poliovilus serotypes,

>967o showed vaccine response to PT, FHA and PRN, all were seropositive to mumps and rubella, and all but one subject were seropositive

to measles. Immunogenicity results for each component antigen were similar for DTPa-IPV and separately co-administered DTPa and IPV.

Local reactions were common wifh 24.OVo and 37.lVo of children experiencing swelling >50 mm at the DTPa-IPV and DTPa injection sites,

respectively. The DTPa-lPV combination did not increase the incidence or intensity of adverse events compared with separately administered

DTPa + IPV. The response to the concomitantly administered MMR vaccine was similar in the two groups and similar to previously reported

responses for a second dose of MMR. This combined DTPa-IPV vaccine has a similar reactogenicity profile to DTPa, is immunogenic when

given as a booster dose at 4-6 years of age, and has no impact on the immunogenicity of a co-administered second dose of MMR vaccine.

O 2006 Elsevier Ltd. All rights reserved,

Keywords: DTPaJPV; Booster; Measles-mumps-rubella; Local swelling reactions

1. Introduction

A number of immunisation schedules now include a rec-

ommendation for inactivated polio vaccine to be adminis-
tered to infants as "best practice" [1]. Inactivated polio vac-
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cine (IPV) is increasingly preferred over oral polio vaccine
(OPV) due to the very rare possibility of vaccine associ-

ated paralytic poliomyelitis (VAPP) in recipients of OPV
and their contacts [1,2]. In the USA, where 8-10 cases of
VAPP were reported each year, IPV has been the recom-
mended polio vaccine since 1997 [2]. In Europe, a number
of countries have moved from using OPV to using IPV in
the last decade, with IPV alone being now used in Austria,
Belgium, Finland, France, Germany, Iceland, Luxembourg,
Monaco and The Netherlands [3]. In the United Kingdom



(UK), IPV was recently included in the routine immunisation
schedule due to the relative increase in importance of VAPP
as the number of cases of poliomyelitis due to wild virus
decreased [4].

According to data from the Australian Childhood Imrnu-
nisation Register (ACIR) [5], 992% of children in Aus-
tralia, still receive OPV despite a recommendation for IPV
(without provision of funding) since September 2003 [5].
IPV will be funded Federally for all Australian children
from November 2005, but the successful implementation of
this recommendation would be facilitated by the availabil-
ity of suitable combination vaccines to avoid an increase
in the number of injections provided at routine ilnmunisa-
'rio¡l visits and a ruolc cosi-eÎfeciive aliernative [o mono-
valent poliovirus vaccine. Conrbination vaccines, by leduc-
ing the number of injections given at each immunisation
encounter, increase convenience of immunisations for both
the vaccinees and immunisation providers [6,7]. In doing
so, they have the advantage of potential higher compliance
with immunisation programs and reduction of their overall
costs [2,8,9]. Administration of fewer vaccines simplifies
storage and delivery logistics, fewer staff are required for
immunisation delivery and the risk of immunisation related
errors is reduced. There is evidence that some parents and
immunisation providers are reluctant for children to have
multiple injections at an immunisation encounter [6,7]. This
may result in delayed completion of immunisations with
increased risk to the infant of acquiring a vaccine pre-
ventable disease [0]. Several lPV-containing combination
vaccines are available, including a combined DTPa-IPV vac-
cine for primary and booster immunisation, but the impact
of new combination vaccines on the immunogenicity and
reactogenicity of other co-administered vaccines needs to be
evaluated.

Provision of a pertussis containing vaccine prior to school
entry is required to provide protection against pertussis infec-
tion and improve herd irnmunity in the population [11]. Pre-
vrous studics have shown that large loca-l reactions may occur
with the administration of the fourth or fifth dose of a variety
of DTPa vaccines. These reactions are more likely to occur
when DTPa is provided for all primary and booster doses

compared to a combination of DTPa and DTPw Í12-191.
Despite the increased incidence of large local reactions,
swelling and discomfort usually resolve without sequelae.
Rarely, swelling may involve the whole limb and may be
associated with pain and limitation of movement.

In this study, the immunogenicity and reactogenicity
of DTPa-IPV vaccine when administered as a booster at
4-6 years of age was examined and compared to DTPa
and IPV administered separately. These vaccines were co-
administered with measles, mumps, rubella (MMR) vaccine
given as a second dose, prior to school entry. The aims of
the study were to compare the safety and immunogenicity of
the study vaccines administered in both groups and to assess

the reactogenicity and immunogenicity of MMR vaccine I
month after immunisation.
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2. Methods

The study was an open, randomized phase IIIb, non-
inferiority study conducted in three centres in Australia. Chil-
dren free of obvious health problems and who had cornpleted
a primary vaccination course with DTPa and polio vaccines
at"2,4 and 6 months of age and had received a DTPa booster
and immunisation for MMR in the second year of life were
included in the study.

The study was approved by the individual hospital ethics
committees at the three study centres, and was conducted
in accordance with Good Clinical Practice guidelines. Writ-
ten informed consent was obtained from a parenlguardian
of each subjeci. The DTPa-IPV anci DTPa vaccines (Glaxo-
SmithKline Biologicals, GSK) contained >30IU of diphthe-
ria toxoid, >40 IU of tetanus toxoid, 25 pg pertussis toxoid
(PT), 25 pg filamentous haemagglutinin (FHA) and 8 pg of
pertactin (PRN). The DTPa-IPV and the IPV vaccine (man-
ufactured by Aventis Pasteur MSD), each contained 40 D Ag
units of poliovirus type l; 8D Ag units of poliovirus type
2;32D Ag units of poliovirus type 3. The MMR vaccine
(GSK) contained > 103.0 TCID5O of Schwarz measles strain,
>103.1 TCID5O of RIT 4385 mumps strain and >103.0
TCID5O of P.A2713 rubella strain.

The DTPa-IPV and DTPa vaccines were administered as

deep intramuscular injections into the left deltoid region using
a23gauge,25mm length needle. The IPV and MMR vac-
cines were administered as subcutaneous injections in the
lower right deltoid and the upper right deltoid region, respec-
tively, at least 25mm apart, using 25gauge, 16mm length
needles.

Randomisation was performed centrally using an algo-
lithm with a minimisation procedure stratifred by centre

t201.
Serum samples wele obtained prior to and between 21

and 48 days following immunisation. In house assays for
antibodies to diphtheria, tetanus, PT, FHA and PRN wereper-
formed in the laboratories of Dr. M. Pichichero (University
of Rochester, New York) and at GSK Biologicals laboratories
(Rixensart, Belgium) for antibodies to poliovirus types 1-3,
using validated methods described elsewhere [2 I ] . Assays for
measles, mumps and rubella (EnzygnostTM) were performed
at GSK Biologicals laboratories.

Seroprotection status was defined for poliovirus types l-3
as an antibody titre > 8; and for diphtheria and tetanus toxoids
as an antibody concentration >0.1IU/ml.

Seropositivity status was defined for PT, FHA and PRN as

an antibody concentration >5 EL U/ml; for mumps as an anti-
body concentration >23lUlml, for measles as an antibody
concentration >150mlU/ml and for rubella as an antibody
concentration >4 and >10IU/ml. The secondary endpoints
fbr the study also included anti-poliovirus types 1-3 anti-
body concentrations and anti-diphtheria toxoid, anti-tetanus
toxoid, anti-measles, anti-mumps and anti-rubella antibody
concentrations. A vaccine resporlse to Pl PRN and FHA was
delìned as appearance of antibodies in initially seronegative
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subjects or a two-fold increase in antibody concentration in
initially seropositive subjects.

Diary cards were distributed to the parents or guardians

to record solicited and unsolicited symptoms and adverse

events. Safety was evaluated by measurement of the appear-
ance of solicited local (pain, redness and swelling at the injec-
tion site) and systemic adverse events (irritability/fussiness,
drowsiness and loss of appetite) on the day of vaccination
and for 3 subsequent days. Local redness and swelling were
assessed by measurement of the largest diameter of the injec-
tron slte reactron.

Occurrences of specific solicited general symptoms were
also elicited. Parents or guardians observing large swelling
reactions (defined as swelling with a diameter of >50mm,
noticeable diffuse swelling or noticeable increase in limb
circumference) were asked to contact study staff to allow
assessment of the swelling reaction. Fever (axillary body
temperature) and MMR specific symptoms: rash/exanthema,
parotid/salivary gland swelling and signs of meningism were
also solicited and recorded on the day ofvaccination and the
14 subsequent days.

Unsolicited adverse events and serious adverse events

were recorded for 30 days following vaccination.

2.1 . Statistical methods

Statistical analysis was performed using SAS System
software [22]. Analysis was carried out on the vaccinated
cohort and According To Protocol (ATP) cohorts. The pri-
mary cohort for immunogenicity was the ATP immunogenic-
ity cohort. The ATP safety cohort was primarily used for
safety analysis. The geometric mean antibody concentra-
tion/titres (GMC/GMTs) for each vaccine antigen and virus
were calculated with the respective 95Vo confidence inter-
vals (CI). Seropositivity/seroprotection rates for antibodies
against each vaccine antigen, and vaccine response rates to
PT, FHA and PRN, I month after vaccination were calculated
for each group with the corresponding95To CIs.

Immune responses following the combined DTPa-IPV
vaccine were compared to those induced by the separate

administration of DTPa and IPV based on standardised
asymptotic two-sided 95Vo CIs calculated for the differences
in post-vaccination seroprotection rates between groups and
on 957o CIs computed for the ratio of post-vaccination anti-
body GMCs adjusted for the pre-vaccination antibody con-
centrations, using a one-way ANOVA model on the logarithm
l0 transformation of the antibody concentrations. The model
included the group as fixed effect and the pre-vaccination
antibody concentration as regressor.

Non-inferiority was defined as occurring if 1 month after
vaccination the upper limit of two-sided95Vo CI for the abso-

lute group difference in seroprotection rates was below 107o

for each ofthe diphtheria, tetanus and polio antigens and the
upper limit of two-sided 95% CI for the group GMC ratio was

below 1.5 for each of the pertussis antigens. V/ith a sample
size of 366 subjects, this study had >807o overall power to
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meet the primary objective and demonstrate non-inferiority
of the DTPa-IPV vaccine compared to the separate adminis-
tration of DTPa and IPV.

All safety/reactogenicity analyses were descriptive, with
incidences of solicited/unsolicited symptoms and corre-
sponding 95Vo CIs calculated per group.

3. Results

3.1. Study population

Three urban centres in Australia (Adelaide, Melbourne
and Perth) enrolled a total of 366 healthy children 4-6 years

of age (567o female) between May and December 2002 and
362 subjects received a dose of the study vaccine (four sub-
jects were eliminated prior to receiving a vaccination as they

did not fulfil the inclusion/exclusion criteria). Of the 362 sub-
jects vaccinated, 360 subjects completed the study. One in
each group withdrew from the study for reasons not related to
adverse events. The mean age of the ATP safety and immuno-
genicity cohorts at the time of vaccination was 4.2 years
(standard deviation 4.2 months, range 4-6 years).

Almost 987o of subjects in each group were Caucasian.
Of the 362 subjects vaccinated, 338 subjects (171 in the

DTPa-IPV group and 167 in the DTPa+IPV group) were
included in the AIP safety cohort. Twenty-four subjects were
eliminated from the ATP safety analysis for the following
reasons; having previously received a DTPw vaccine or a
DTP vaccine of unknown nature, having already received a

fifth dose ofDTPa, or had not returned diary cards (subjects

who withdrew from the study). Of the 338 subjects included
in the ATP safety cohort, 329 subjects (166 in the DTPa-IPV
group and 163 in the DTPa + IPV group) were included in the
AIP immunogenicity analysis. Nine subjects were eliminated
as they were out ofthe interval for the post-vaccination blood
sampling (n= 4) or because no serology data were available
(n= 5).

There were no statistically significant differences in the
demographic characteristics of the vaccinated cohort and
ATP cohort (data not shown).

3.2. Imunogenicity

Täbles 1-3 show the immunogenicity results (seroposi-

tivity/seroprotection rates and GMC/GMTs) for antibodies

against diphtheria, tetanus, PT, FHA, PRN, polio types l-3,
measles, mumps and rubella. Despite the initial high sero-
protection and seropositivity rates, marked increases in post-

vaccination GMC/GMTs were observed for all vaccine anti-
gens (Tables I and2). Prior to booster immunisation, seropro-
tection and seropositivity rates were similarly high in both the

DTPa-IPV and DTPa + IPV groups, seroprotective rates rang-
ing from 64.47o to 68.27o for diphtheria and 85.5-1007o for
all other antigens (Table 1). One month following immunisa-
tion, all subjects in both groups had seroprotective antibody
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Table I

Pre- and post-booster seroprotection/seropositivity rates and antibody GMCs prior io and 1 rnonth after booster vaccination (ATP immunogenicity cohort)

Antibody Timing Group DTPa-IPV + MMR Group DTPa + IPV + MMR

Seroprotected/seropositive GMCÆ Seroprotected/seropositive GMC/T

N la 95Vo Cl Value 95?o Cl N Vo 95Va Cl Value 957o Cl

Anti-diphtheria
>0.1lU/nrl
Anti-tetanus
>0.1IU/nrl
Anti-PT
>5ELU/ml
Anti-FHA
>5 EL U/¡nl
Anti-PRN
>5ELU/ml
Anti-poliovirns
Type I >8
Anti-poliovirus
type 2 >8
Anti-poliovirus
Type 3 >8
Anti-measles
>150 mlU/ml
Anti-munrps
>231U/ml
Anti-rubella
>4 lU/ml
Anti-rubella
> 10lU/ml

Pre-booster
Post-booster
Pre-booster
Post-booster
Pre-booster
Post-booster
Pre-booster
Post-booster
Pre-booster
Post-booster
Prc-boostcr
Post-booster
Pre-booster
Post-booster
Pre-booster
Posl-hooster

Pre-booster
Post-booster
Pre-boostel
Post-booster
Pre-booster
Post-booster
Pre-booster
Post-booster

56.4,71 .8
97.8, r 00

85 0,94.'7
97.8, t00
43.2, 59.2

96;7, 100

93.7,99.3
97.8, 100

97.7, 100

97.8, 100

80.8,91 9
9t.l, t00
86.9. 95 9

97.6, 100
83 8,94 0

97 5. 100

87 5,96 |
97.8, 100

75.5, 88.1

97.6, lO0
97.8, I 00

97.8, I 00
93.8, 99.3

97 I, 100

0.I 55, 0.230
s 092, 6 908
0.303,0.4t5
'7.120.8.730

41,6 3

94.',7,129.8

30.0,41 7

330 8, 418 3

33.9,46.2
6t9 2,801.4
42.C,69.2
2s91,3507
64.5. 105.7

2484.2.3346.1
34.5, 53 5

4258.4.5520 9

t312 3, 1940 5

2236.6.290'7.2
550.6,'t77 8

2159.5,2151.6
55, I, 70.5

128.5, 151.9

55.1, 70.5

I 28 5, l5l .9

60.2,75.4
91.1 , 100

88.4, 96 8
97;7, 100

43 1, 59.5

97 '7, 100

90.8, 98. I

97 t, 100

92.6,98 9

91 7, 100
'78.9, 90 '7

97.6, r00
884.968
9'7.6, 100
85 0, 94.9
97 -5. 100

89 7,97.4
96.6, 100

13 3,86.3
9'7.7, 100

91 1,100
9'7.7, 100
94.7,99 6

97 7, 100

0.t?t,0.260
5,130,7.013
0,349, 0 483

6.150,7 410
4.7,6.3
112.4, t45.5
24.4,33.5
362.9,462.3
32.4,45 2
575.8,763.5
3s.3, 58 8
2157.8,3756.8
'70.4. 117.8

3075 3, 4055.9

37.4,59.5
429-5 8. 5510 l
1529.9,2207
2319;7,3041
554.7,'792.5
203'7 6,2487.5
\'1 ) '11 1

146 2, t68 t
5'7.2,'73 3

146.2, t68.t

160

165

160

165

160

165

160

165

160

165

155

156

155

153

155

148

r63
1ó3

t54
153

163

163

163

163

64.4
100

90.6
100

51.3
99.4
97.5

100

t00
100

8'7.1

r00
923

100

89.7

t00
926

100

82.5

100

100

100

9'7.5

100

0.1 89

s.931

0.355

7.884
54

I10,9
35.3

312.0
39.6

707.0
53.9

3014.4
82.6

2883.2
429

4848 7
I 595.8
2549.9

654.4

2437.7
62.3

139.7

62.3
t?9 7

154
159

154
159

t52
159

r53
i58
154

159

t52
t5l
154

152
t52
147

162
161

158

r58
t62
162
t62
162

68.2

100

935
100

51.5

100

95.4

100

96.8

100

855
100

935
100

908
100

944
99.4
804

100

100

100

98 I
100

0.211
5.998
0 411

6.750
5.4

t2'7.9
28.6

409 6

38.2
663.0
456

321 8.8

91 1

353t.'7
41 2

4865.2

1837 6

2690.1

663 0
2251.3

648
156.8

64.8
156.8

ieveis against ciiphtheria, teianus, anci poiiovirus types i-3
antigens (Table 3). The difference between pre- and post-
imrnunisation antibody GMCs ranged from 16.4-fold for
anti-tetanus antibodies to 38-fold for anti-poliovirus types
l-3 antibodies. All subjects apart from one in the DTPa-
IPV group achieved anti-tetanus antibody concentrations of
> I IU/ml. The upper limit of the asymptotic two-sided 95olo

CI for the difference in seroprotection rates against diph-

theria, tetanus and the three polio viruses were beiow ihe
predefi ned ciinical limit for non-inferiority.

Plior to immunisation, seropositivity rates to pertussis
antigens wel'e similar in both groups (Table l) and ranged
from at least 5l .37o (95Vo CI 43.2, 59.2) for anti-PT to 1007o
(95Vo CI 97 .7, 100) for anti-PRN. One month after booster
immunisation, all subjects were seropositive for anti-FHA
and anti-PRN antibodies and all but one subject who received

Ratios of adjusted antibody GMCs I month after booster ir¡munisation, with their 957o CIs (ATP immunogenicity cohort)

Antibody Group DTPa-IPV + MMR Group DTPa + IPV + MMR Post imlnunisation GMC/T ratio
DTPa+ IPV + MMR over DTPa-|PV + MMR

M Adjusted GMC/Th M' Acljusted GMC/Tb Ratio 957o Cl

Anti-diphtheria
Anti{etanus
Anti-PT
Anti-FHA
Anti-PRN
Anti-poìiovìrus type 1

Anti-poliovirus type 2
Anti-poliovirus type 3

Anti-measles
Anti-munrps
Anti-rubella

t59
159

159

159

159

145

142
138

163

153

163

150

150

148

148

r50
142
t43
137

l6l
158

162

5 859

6.644
128.34

429.72
676.11

3258.44
3514.47
4813.27

2519 88

2243.26
t 55.81

0 942
0.808

1.139

l 193

0.961

1 .091

r.166
0.983

0.971
0 917

1.108

0.796, 1,1 15

0;n4,0.914
0.950, 1.365c

1.030, 1.382'
0.819, t.12tc
0.877,1.358
0.950, 1.433

0.815,1.184
0.865, 1.090

0.808, 1.040

1009, 1.217

6220
8.222

112.'t 1

360.29

703.80
2985.66
3012 87

4898.58
2651.54
2446't0

140.5'7

Upper limit of 95Vo Cl below the pre-specified clinical limit of non-ìnferiority (1 ,5) for GMCÆ ratios, 95Vo Cl fo¡ GMC/T ratios for other antigens were

exploratory evaluations

' N: Number of subjects with pre- and post-vaccination results
b GMCÆ: Ceometric nlean concentrations/tìtres adjusted for baseline concentration.
t Terms
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Table 3

Differences in seroprotection/vaccine response rates I month after booster vaccination, with asymptotic 95Vo Cls (ATP immunogenicity cohott)

Endpoints Group DTPaJPV +MMR Group DTPa + IPV + MMR Group difference DTPa + IPV + MMR
minus DTPa-IPV + MMRe

M ,rb %oc 957o cl M nb vo" 95% cr Difference 95Va Cl

Anti-diphtheria >0. 1 lu/ml
Anti-tetanus >0. I IU/ml
Anti-PT VRd
Anti-FHA VRd
Anti-PRN VRd
Anti-polio virus type 1 >8

Anti-polio virus type 2 >8

Anti-polio virus type 3 >8

o Number of subjects with available results
b Number of subjects with seroprotective antibody levels post immunisation or vaccine response (PT, FHA, PRN).
c Percentageofsubjectswithseroprotectiveantibodylevelsorvaccineresponsepost-immunisation.
d VR: Vaccine response for PT, FHA and PRN (defined as appearance of antibodies in initially seronegative subjects or a two-fold increase in antibody

concentration in initially seropositive subjects).
e Upperlimitof95%Clbelowthepre-specifiedclinicallimitofnon-inferio¡ity(107o) fordifferenceinseroprotectionrates.

165

165

159

159

159

156

153

148

165

165

157

154
156

156

153

148

100

100

98;7

96.9

98.1

100

100

100

100

100

99.3

99.3

100

100

100

100

97.7, 100
97 .t, 100

96.3, 100

96.3, 100

97.6,100
97.6, 100
97.6, r00
97 5, 100

97.8,100
97.8,100
95.5,99.8
92.8,99.0
94.6,99.6
9'7.7, r00
97.6, 100

97.5, 100

159

159

148

148

150

151

t52
t47

159

159

t4't
147

150

151

152
147

00
00
06
25
19
00
00
00

-)a )'tc

-)1)4È
- 1.8, 3.1

-0.2,5;7
0.1, 4.6

-)\ )AÈ

-)< )Le
1< t{c

DTPa-IPV were seropositive for anti-PT antibodies. Vaccine
response rates for all three pertussis antigens were similar
in the two groups, with at least 96.97o of subjects receiv-
ing DTPa-IPV and 99.37o of subjects receiving DTPa + IPV
showing a vaccine response to all three pertussis antigens
(Table 3). Post-immunisation GMCs for anti-PT, anti-FHA
and anti-PRN antibodies were similar in both groups \À/ith

an increase from pre- to post-immunisation GMCs of at least
10.5-fold for pertussis antibodies (Tables I and2). The upper
limit of the 95Vo CI for the ratio of pertussis antibody GMCs
as defined above was below the predefined clinical limit for
non-inferiority.

Prior to immunisation >927o and >807o of subjects were
seropositive for anti-measles and anti-mumps antibodies,
respectively, and all subjects were seropositive for anti-
rubella antibodies. Pre- and post-vaccination seropositivity
rates and GMCs for anti-measles, anti-mumps and anti-

rubella antibodies I month after the second MMR dose are

shown in Table l. Anti-measles, anti-mumps and anti-rubella
GMCs were similar in both groups after immunisation. All
subjects were seropositive to mumps and rubella and all sub-
jects apart from one (in the DTPa + IPV group) were seropos-
itive to measles.

3.3. Reactog,enicity

The incidence and intensity of solicited local and general

symptoms were similar in both groups (Tables 4a and 4b).

Solicited general symptoms of Grade 3 intensity during the

first 4 days post-immunisation were uncommon (reported for
<3Vo) alfhough Grade 3 general symptoms were reported

for a slightly higher number of children who received the

combined DTPa-IPV vaccine. Axillary temperature > 39 "C
within 4 days after vaccination was observed in l.\Vo (957o

'lal:le 4a

Incidence of solicited local symptoms for individual vaccines during the 4-day follow-up period after immunisation (AIP safety cohort)

Symptom Intensity DTPa-IPV N= 171 DTPa N= 167 IPV N= 167 MMR. N= 171 MMRb N= 167

tt 7o (95% CI) n Vo (95Vo Cl) 7o (957o Cl) Vo (95Vo Cl) n Vo (95Eo CI)

Pain Any
Grade 30

Redness Any
>20 mm
>50mm

Swelling Any
>20mm
>50 mm

80.1 (73.3,85.8) t1'l
7 .0 (3.7 , 1t.9) 6

64 1(s63,71.3) 87

3.6 (1.3,'7.7) 2

s2.t (44.2,59 9) 48

1.2 (0.1,4 3) l

62.9 (ss.t,'102) 40

22 2 (16.1 , 29 .2) 4

0.6 (0.0, 3.3) 1

41.3 (33 8,49 2)

7 .8 (4 2, t2.9)
0.0 (0,2.2)

28.1 (21.5,35.4) 61

0.6 (0.0, 3.2) 2

23 .4 (17 .3, 30 s) s'7

2.3 (0.6, s 9) 7

0 6 (0.0, 3.2) I

20 tt;I (7.3,17 s) 28

4 2.3 (0 6, s.9) 6

0 0.0 (0,2.1) 1

36.s (29.2,44.3)
1.2 (0.1, 4.3)

34.1 (27.0,4r.9)
4.2 (t.1 ,8.4)
06(0.0,33)

16.8 (11.4,23.3)
3.6 (r.3,7.7)
0.6 (0, 3.3)

137

12

133

100

55

103

73

4ld

129

104

69

109

70

47c

105

3t
1

77.8 (70.8, 83.8)
s8 s (s0 7, 66.0)
32.2 (2s 2,39.7)

60.2 (52.5,6'7.6)

42.7 (35 2, s0.s)
24.0 (1'7.8,31.1)

77.2 (70.1,83.4)
62.3 (54.s,69.6)
4t .3 (33 .8, 49.2)

6s.3 (s7.s,'72.s)
41 .9 (34 .3 , 49 .8)

28.1 (21.5,3s.6)

69

13

0

a MMR given concomitantly with DTPa-IPV
b MMR given concomitantly with DTPa and IPV
c Crying when the Iimb was moved or a spontaneously painful limb.
d Four subjects had swelling up to the shoulderjoint, four subjects had swelling beyond the shoulderjoint, two subjects had swelling which included both

shoulder and elbow joints, one subject had swelling extending to the midpoint between the elbow and wrist.
e Sixsubjectshadswellingoftheshoulderjoint,twosubjectshadswellingbeyondtheshoulderjoint,twosubjectshadswellingincludingbothshoulderand

elbow joints.
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Table 4b
Incidence of solicited general symptoms for simultaneously administered vaccines reporled during the 15-day follow-up period after vaccination (AIP safety

cohort)

Symptom Intensity DTPa-ÌPV + MMR, N= l7l DTPa + IPV + MMR, N= 167

Iro % IL 7o95Va Cl 95Va Cl

Feverb

Drowsiness

Irritabiliry

Loss of appetite

Rash

>37.5'C
>39 0'C
Related

Any
Grade 3c

Any
Grade 3d

Any
Grade 3e

Related

5'7
'7

54

40
5

45

2

35

4

234
29

33.3

4.1

31.6

38,9

5.4
36

24.0
1.8

32.9

0.0

240
1.8

l2
3.6

26.t,40.9
r.7, 8.3

24.1,39 t

1'7 .3,30.5
|.0, 6.7

19.9,33.6
0.1,4.2

14.7 ,27 3
0.6, 5.9

2.4,9I
1,0,6.7

3l .5, 46,8
25,t00
29.2,44.3

17 .7 , 31.2

04,s2

25.9,40.6
0.0,2.2

t'7'7,31.2
0 4,5.2

3I, 12.2

1 .3,7 .7

65
o

61

40

3

55

0

40

3

l2
6

26.3

1.2

Any 9

5

205
23

53
29

¿ Number of subjects reporting a general symptom during the l5-day follow-up period after imnrunisation.
b Temperature was measured by the axillary route. Grade 3 fever >39.0'C.
c Drowsiness that prevented normal everyday activity
d Crying that could not be comfofied or that prevented normal everyday actívity.
c Subject did not eat at all.

CIO.4,5.0) of children who received the DTPa-IPV vaccine
compared to o.6vo (957o Cl 0.0, 3.3) who received the vac-
cines administered separately.

Fig. I demonstrates the prevalence of fever fiorn the day
of immunisation to I 4 days post-inrmunisation.

) ) L -,-- - l ^ ^-l,--.- ^z: ^,--J.J.r. LUì8e IULUr r(ULUUilJ

There were rro sigrrificant differences between groups in
the incidence of large local reactions (Table 4a). Twenty five
percent (24.67o,957o CI18.3, 31.7) of subjects (n=42) who
received DTPa-IPV vaccine compared to 29.37o (957o CI
22.6,36.9) of subjects (n=49) who received DTPa vaccine
developed large local reactions. Almost one quarter of these

reactions (23.\Vo of all large swelling reactions for the DTPa-
IPV group and20.47o for the DTPa group) involved swelling
extending to an adjacent joint, which included swelling to
the shoulder joint and both the shoulder and elbow joints
in four subjects (Table 4a). One subject in the DTPa-IPV
group developed swelling which extended below the elbow
.^ ^---^.,:*^.^1., L^lf ¿L^ l^.,,^- TT^.,,^.,^- -^ru aPpt u^tIilattrry ltdu ultr ruwtrr dr ¡¡¡ )Ettilcltr. r luwcvtr, ilu
children developed swelling reactions involving the whole
length of the arm.

A similar proportion of children experienced Grade ll2
or 3 severity pain associated with swelling in both groups

with a mean duration of 1.0 days for swelling >50 mm in the
DTPa-IPV group and 2.3 days in the DTPa group (Table 5).

30

25

c,

ãro
-o-f
ll,

o15
o)
o)
sc
910
(¡)
o-

5

0

01234 567891011121314
Day after vaccination

Group 1 received DTaP+|PV + MMR
Group 2 received DTaP+|PV + MMFì

Groups

Fig I Prevalence ofany fever (axillary temperature >3'7.5'C) by day (days 0-14),
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Table 5

Incidence of redness and swelling by grades of pain during the 4 days (days 0-3) follow-up period per group (AIP cohort for safety)

Injection site reaction Pain Grade 1 or 2 Pain Grade 3

Vo 957o Cl Mean duration (days) tt Va 95Va Cl Mean duration (days),l

Group I (N= 171)

Redness >0-<20 mm
>20-<50 mm
>50 mm

Swelling >0-<20 mm
>20-<50 mm
>50 mm

Group 2 (N= 167)

Redness >0- <20 mm

>20-<50 mm
>50 mm

>0-<20 mm
>20-<50 mm
>50 mm

1.8

1.8

t.9

4;7

23
2.3

1.8

1.8

1.0

82

64

54

65

5'7

39

48.0
37.4
31.6

1.7

1.5

2.0

4.7

2.9

3.5

2.0
1.6

1.3

40.3,55;7
30.2,45.1
24.7,39.1

30.7 , 45;7

26.3,40.9
16.7,29.8

46.6,62.2
34.3,49.8
28.7,43;7

2.0,9.0
1 .0, 61
1 .3,'7 .5

2.0,9.0
0.6, 5.9
0.6, 5 9

8

5

6

8

4

4

6

5

6

4

3

4

38.0
33.3
22.8

91

70

60

54.5

41.9

35.9

2.6

1.7

2.2

3.6

3.0

3.6

1.3,7.'7
1.0, 6.8

1.3,'7'l

2.8
t.4
20

44.3

27.5

24.6

2.3

1.8

2.1

2.4
1.8

2.4

0.1,60
0.4,5.2
0;7,6.0

2.3
1.3

2.3

74

46
4t

Swelling 36.6,52.2
20.9,35.0
18.2,31.8

Group 1: DTPa-IPV+MMR; Group 2: DTPa+IPV+MMR Pain: Grade 1, minor reaction to touch; Grade 2, cried/protested on touch; Grade 3, cried when

limb was moved/spontaneously painful N: nurnber of subjects having received the booster dose; nl%o: number/percentage of subjects presenting at least one

local symptom \¡/hatever the number of injections. For Iocal symptoms and multiple injections, a symptom was counted once even if reported on multiple sites.

95Vo Cl=Exact95% confidence interval;LL=lower limit, UL= upper limit.

Only two subjects, both enrolled in the DTPa-IPV group,

reported functional impairment of the limb severe enough
to prevent normal everyday activities. One of these subjects
had local swelling of 55 mm and experienced Grade 3 pain.

The swelling started the day following vaccination and lasted

2 days. The second subject had diffuse swelling involving
the tip of the shoulder with no further extension. Grade 3

pain was associated with the swelling, which started on the

day of vaccination and lasted for 3 days. Severe impairment
did not appear to be related to the extent of the reaction in
this study. None of the four children with the most extensive
reactions (involving shoulder and elbow) had severe func-
tional impairment: only one had moderate impairment, the

other three having either mild or no impairment. In addition,
severe impairment in this study was not associated with a

longer duration of swelling. Among the eight children with
moderate or severe functional impairment, seven had recov-
ered within 3 days and the eighth had recovered within 1

week.
All large swelling reactions commenced within 48 hours

following immunisation, apart from one which commenced

on the third day after administration of the booster. The large

majority (807o) of the reactions had resolved within 4 days,

907o of the cases had resolved within 7 days and all recovered

without sequelae.

In relation to solicited symptoms specific to MMR immu-
nisation, rash assessed by the investigators as causally related
to MMR vaccination was reported for l1 subjects in total,

2.97o (957o CI 1.0, 6.7) in the DTPa-IPV group and 3.67o

(957o CI 1.3, '7 .7) in the DTPa + IPV group (Table 4b). The

incidence of local solicited symptoms at the site of the MMR
injection was similar in both groups (Table 4a). One subject
in the DTPa group developed swelling >50mm at the site

of the MMR immunisation (swelling diameter of 115 mm).
One subject in the DTPa-IPV group developed salivary gland
swelling 14 days following MMR immunisation. There were

no reported cases of meningism.
There was only one serious adverse event (SAE) reported

during the study period, which was assessed as possibly
related to vaccination. The subject developed a high fever and

headache 3 days post-vaccination with DTPa+ IPV +MMR,
and was later diagnosed with bronchitis.

4. Discussion

In order to maintain high immunisation coverage rates at a

time when there are increasing numbers of vaccines available

for protection of children against infectious disease, combi-
nation vaccines are becoming an important priority in vaccine

development [23-25]. However, antigens cannot be com-

bined indiscriminately as each combination may affect the

immunogenicity of the individual components. This has been

seen, for example, with many of the Haemophilus influen-

zae type b combination vaccines that have shown reduced

immunogenicity for some antigen components 126,211.

This study assessed the safety and immunogenicity of a

combination DTPa-IPV vaccine co-administered with MMR
as apre-school booster. The moderately low pre-booster sero-

protective rates for diphtheria and pertussis toxoid support

the need for a combined DTPa-IPV booster immunisation at

pre-school age to provide long-term protection. The primary
objective of the study \¡r'as to demonstrate that the immuno-
genicity of the DTPa-IPV vaccine I month after vaccination
is at least as good as that of DTPa and IPV administered sep-

arately when both groups received a separate concomitant



injection of MMR vaccine. All pre-defined non-infeliority
criteria for meeting this objective were met.

Comparisons of the immune responses against all anti-
gen components administered in the study vaccines, con-
firmed the similarity of the two study groups. Although
many subjects had seroprotective/seropositive antibody con-
centrations/titres immediately prior to immunisation, marked
increases in the GMC/GMT were observed, indicating a

booster response induced by immunisation.
The secondary objective was to assess the safety and reac-

togenicity of the study vaccines administered in both groups

and to assess the immunogenicity of MMR vaccine antigens 1

month after vaccination. This study provides immunogenicity
and safety ciata for co-adminjstration of a pre-school booster
MMR vaccine with DTPa-IPY which has not bcen available
previously.

Tlre immune responses to measles, rnulllps and i.ubella
antigens administered concomitantly were similar within the
two study groups and are consistent with or higher when
compared with previously reported responses to a second

dose of MMR vaccine [28]. Adverse events to MMR vaccine
were similar in both groups and were present in this study in
similar or reduced frequency to other literature reports [29].
The incidence of rash assessed as causally related follow-
ing MMR vaccine co-administered with either DTPa-IPV or
DTPa + IPV was lcss Íhan 57o.

Reactogenicity events were reported similarly for both
groups. The incidence of fever and other systemic symp-
toms was low and Grade 3 systemic symptoms occurred
infrequently (<37o of subjects). Despite an improved safety
profile in comparison to whole cell pertussis vaccines, acel-
lular pertussis vaccines are known to cause an increase in
large local reactions with the fourth and fifth booster doses

I I 3-l 9]. The reported incidence oflarge local reactions in this
study is consistent with results ofprevious studies [13-19].
A total of 32Vo of subjects reported redness >50mm and

247o reported swelling >50 mm after DTPa-IPV vaccina-
tion. The local reactogenicity of the combined DTPa-IPV
vaccine was not increased compared to DTPa vaccine in
this study. In fact there was a higher (but not significant)
reported incidence of redness and swelling >50 mm in the
group that received DTPa separately (417o and287o, respec-

tively). Injection site erythema >50 mm has been reported in
the literature in up to 5OVo of subjects and swelling reac-
tions >50mm in up to 487o of subjects following a fifth
consecutive dose of a DTPa based vaccine [7-19,30]. In
a trial in the USA up to 37o of children given two or more
different acellular combination vaccines experienced entire
limb swelling, although this did not occur in our study

I l8].
There does not appear to be any previously reported rela-

tionship between the extent or size of the swelling reaction
and the amount of pain or limitation recorded. In this study,
children who experienced the largest reactions did not report
more Grade 3 pain and limitation of movement. Halperin
observed that despite their larger size, local reactions to

H. Marshall et al. / Vaccine 24 (2006) 61204128 6127

booster doses of an acellular pertussis combination vaccine
have been less painful and limiting than those induced by
consecutive regimens of whole cell pertussis combination
vaccines [31 ]. Among children who received five consecutive
doses of acellular pertussis vaccine, severe limb tenderness
and limitation of movement were cited Iess frequently (2Vo

andOVo, respectively) than in recipients ofa fifth consecutive
dose of whole cell pertussis vaccines (49Vo and 36Vo, respec-
tively) [31]. Mixed schedules (four doses of DTPw followed
by DTPa) have been reported to lead to a much lower inci-
dence of local reactions than the full five dose DTPw series,

with limb tenderness of 1.97o and0.8%, respectively, and
soreness of l8.6Vo and 4.07o.

In Austraiia most children in recent years have been

primed with three doses of DTPa and OPV during the first
year of life. At the time our study was conducted, children in
Australia also received a fourih dose of DTPa at l8 mtrnths of
age, and a fifth dose before school entry [32]. The Australian
Standard Vaccination Schedule (ASVS, 2003) now includes
a three-dose primary course and a fourth dose at 4-5 years of
age given concomitantly with a booster dose of MMR vac-
cine []. Although the fourth dose at 18 months was removed
from the schedule because of evidence of persisting efficacy
of acellular pertussis vaccines against pertussis, it was also
believed that reducing the number of DTPa vaccinations from
five to four would be beneficial through the anticipated reduc-
tion in incidence of local reactions.

Safety monitoring of new vaccines is of prime importance
in the continued assessment ofvaccine safety [33]. Every new
combination vaccine needs to be evaluated and approved as

a new entity. Whether the removal of a fourth dose of DTPa
at l8 months in [he ASVS will in effcct rcsult in a rcduction
in the nurnber ofcases ofextensive swelling reactions to the
preschool DTPa combination vaccines, will only be deter-
mined by continued surveillance and reporting of adverse

events.

In conclusion, we have demonstrated that the DTPa-IPV
combination vaccine has a similar reactogenicity profile to
DTPa and is immunogenic when administered to children as

a booster and when administered concomitantly with MMR
vaccine. It is expected that increased use ofIPV in the form
of combination vaccines will reduce the frequency of VAPP
due to oral live poliovirus vaccine. The introduction of IPV
containing combination vaccines will not only mean fewer
injections for infants and children but also the opportunity to
provide safer vaccines for children.
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DTPa-HBv-lPv vaccine for primary vaccination of infants
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Aim: Combined vaccines have an increasingly important role to play in delivering these antigens acceptably. We describe the immunogenicity

and reactogenicity of a combined DTPa-HBV-lPV vaccine (diphtheria, tetanus, acellular pertussis, hepatitis B, inactivated poliovirus (DTPa-HBV-

IPV tnfanrix penta)l when administered for the primary vaccination of infants resulting from a study where the primary objective was to

demonstrate non-inferiority of the immune response induced by DTPa-HBV-lPV using an industrial-scale IPV production process.

Methods: Three hundred and fourteen infants received primary immunisation with DTPa-HBV-IPV at2,4 and 6 months of age. Routine

Haemophilus influenzae immunisation was performed at2 and 4 months of age at a separate injection site. Blood samples were taken at2 and

7 months of age Reactogenicity was assessed using diary cards for 7 days after each dose.

Results: One month after the primary course, at least 98 9% of subjects achreved seroprotective antibody concentrations/titres against

diphtheria,tetanus,hepatitis-Bandpoliotypesl,2and3.MorethangT%hadavaccineresponsetopertussisantigens Theincidenceof local

injectionsitereactionsafterDTPa-HBV-lPVwassimilartothatfortheHaemophilusinfluenzaevaccinesite General reactionsofGrade3intenslty

were uncommon

Conclusions: The DTPa-HBV-lPV vaccine is a new combination of vaccìnes previously avajlable separately, with established effectiveness and

safety prof les Combined vaccines reduce storage requirements and minimise the number of injections required, thereby reducing distress for

infantsandparents DTPa-HBV-lPVwasimmunogenicwithanacceptablesafetyprofileandcouldreplaceseparateadministrationofDTPa,HBV
and IPV vaccines in infants.

Key words: combined vaccine; DTPa-HBV-lPV vaccine; primary vaccination; schedule.

Key Po¡nts

1 Combined vaccines have an important role in administering

multiple ant¡gens in a single injection to infants

2 ln more than 95% of subjects, the DTPa-HBV-lPV vaccine pro-

duces seroprotect¡ve antibody concentrations against diphthe-

ria, tetanus, hepatitis B and polio, and a vaccine response to
pertussis antigens after pr¡mary vaccination.

3 The DTPa-HBV-lPV vaccine is well tolerated and inject¡on site

reactions are generally minor.
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Each year the number of diseases preventable by immunisation
increases as new vaccines are introduced into immunisation
schedules worldwide. Practical implications of additional newly
available vaccines incÌude increased storage requireme nts, more
injections to deÌiver, and concerns about increased simulta-
neous injections and antigen load among parents and doctors.

In Austraìia, routine immunisation against Haemophilus influ-
enzae (Hlbl, hepatitis B (HBV) ald Streptococcus pneumoniae has
been progressively added to the National Vaccination Schedule

(NVS).' In addition, as oT I Novcmbcr 2005, oral poliomyclitis
vaccine (OPV) was replaced with injectable inactivated poliovi-
rus vaccines (IPV). Without the availability of combination vac-

cines, these changes in the schedule would require infants
receive up to flve injections in a single visit, as experienced until
recentÌy by infants in the United States.2 r In order to reduce the

inconvenience and distress associated with delivering multiple
simultaneous injections, parents and doctors may elect to delay
some vaccines until a later date, resulting in additional doctor

visits with their associated costs, a risk of delayed protection,
and a higher risk of children not completing the whole vacci-
nation schedule.

Multivalent vaccines have a great deal to oÏfer in reducing
health-care costs associated with vaccine transport and storage,
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reducir.rg extra visits to doclors for se¡rarate ir.nnrunisations and
increasing the acceptabiìity of vaccination by avoiding tlre need

for rnultiple injections in young infants.
A conrbined DTPa-HBV-IPV vaccine (h{anrix penta, Glaxo-

Smithl(linc Biologícals (GSI(), Belgiurn) has been licensed for
use in Australia and the United States. Pre-licensure clinical
trials in which 4480 subjects received vaccination with DTPa-

HBV-IPV have been recently reviewed by Yeh ¿ral.r In these

studies, cornbined DTPa-HBV-IPV was shown to be as imrnuno-
g,enic and well-tolerated as separately administered vaccines.

Tìre DTPa-HBV-IPV vaccine contains tìre same antigens as in the
currently Ìicensed Infanrix-HepB, ìIìt with the addition of IPV
We report the irlnnnogenicity and safety of the combined
DTPa-HBV-IPV vaccine wìrerr adrninistered for prinrary immu-
nisation to Austraìian infants at 2, 4 and 6 morìths of age, at

tlre sarrc iirne as the Hib conjugafe vaccine (Li<luid PedvaxHIB,

Merck and Co , Inc, Whitehouse Station, NJ, USA) at 2-
4 irontlis of age . The oirly ¡irevious reports of these vaccines
given concornitantly were in Gerrran and Lithuanian infauts at
J, 4, 5 rnonths and ), 4.5, 6 months of age, respectively.a'5

Methods

This was a Phase III randornised double-blind study (nnrrber
21774410771. The prirnary objective of the study was to evalu-
ate the irnrnune response and reactogenicity oï two fomìuìa-
tioÌìs of the DTPa-HBV-IPV vaccine that differed only in the
scale ol IPV manufacturing.

Healthy infants were enrolled at three centres in Australia:
The Vaccine and Lnmunisation Research Group at Murdoch
Chiìdren's Research Institute and The University of Melborrrne,
tìre PaedÍatric Trials Unit, Women's and Children's Hospital in
Adeìaide, and the Princess Margaret Hospital for Cìrildren in
Perth. The triaì was corducted accordir.rg to the Decìaratiorì of
Helsinki (South Africa, 1996) and Good Clinical Practice Guide-
lines with approval of each institution's ethics review commit-
tces. Writtell, infomred collsent was obtained from parcDts/

guardians before enrohnent.
Healtìry infauts between I and Ì 2 weeks of age and born after'

a normaL gestational period of f 6-42 weeks were eligible to
participate. All subjects had ¡:eceived a dose of HBV vaccine

within 7 days of birth. Subjects were excluded from participa-
tion il they had a history of previous diphtheria, tetanus, per-

tussis, polio or Hib vaccination or disease, if they strffered a

rrajor congenital defect, imrnunodeficiency disorder, serious

chronic illness, acute illness, neurological disease including pre-
vious seizures, or if they had previously received blood products.
Subjects were not enroìled if they had a history of alìergy likely
to be exacerbated by vaccinatiorl with DTPa-HBV-IPV required
chronic rnedication r-rf any type, or if there was planned use of
any otììer investigational product dtrrìng tìre study period.

Subjects were randomised using an Internet-based randomi-
sation algoritlìm with a minimisation procedure stratified by
centre, to receive either one of lwo DTPa-HBV-IPV vaccines at

2, 4 and ó months of age, The vaccines were identical except
tlìat the IPV conponent l-rad been mannfactured in a either
smaìì- or ìarge-scaìe process: new vaccines for evaluation jn

clinical trials are produced in small quantities (srnall scale).

Industrial le.¡el production requires rnanufactnring on a much

T Nolan et o/

larger scaJc and clinical triaìs nray be ¡rerkrrrned tt¡ confirn the
conrparabiìity of the new large-scale process. Each sr.rbject

received vaccine n-rade by the same manufacturing process at
each irnnlunisation visit. Hib vaccine was co-adnrillistered as a
scparatc injection in the contralateral thigh at 2 aDd 4 ll- onths
of age.

Vaccines

The DTPa-HBV-IPV vaccine llnfanrix pental was r¡anufactured
by GSI( Biologicaìs, Beìgitrm. Eacb dose (0.5 mL) of DTPa-HBV-
IPV vaccine contained )30 IU diphtheria toxoid, >40 IU tetanus
toxoid, 25 ¡rg pertussis toxin (PT), 25 ¡rg filan-rentons haernag-
gìutinin (FHA), I pg pertactirì (PRN), l0 pg recombinant HBV
virus suriace antiBeìr (HBsAg), 40D, 8D and l2D antigen ur'ìits
of poliovirus types l, 2 and l, respectively. The Hib vaccine
(Liquid PedvaxHlBl was rnanufactured by Merck and contained
/.J FË ntu l,trlyllu()syl-tlulr()l-l,lt(,5l,lldrr (rl\ry L(,illuB,drcu r0

Neisseria meningitidis outer nrel¡Ìrratìe protein. The DTPa-HBV-
IPV vaccine was adÌninistered using a 2)-gauge 25-mm needle
into the left anterolateral thigh. Hib vaccine was adrrjnistered
into the right anterolateral tliigh.

Assessment of ¡mmunogen¡c¡ty

Blood sarnples were collected from all subjects before acìr¡inis-
tration of the first vaccine and I month after the third prinrary
vaccination. Sarnples were storecl at -20"C Lìntil shiprrerÌt to
GSI('s laboratory in Belgiurn.

Anti-dÍphthe ria and arrti-tetanLìs aìllibody conce ntratior-rs
were measnred by cnzyme-linked imlnulrosorbent assay
(ELISA) with an assay cut-off of 0.I IU/nL. Anti-PT, anti-FHA
and anti-PRN IgG antibody concentrations were measr-rred by
ELISA (cut-ofl ol 5 EL.U/nrL). Anti-HBV surlacc antibody (HBs)

was measured by ELISA (AUSAB, Abbot Laboratories) accord-
ing to the manufacturer's instructions. The assay cut-off was
l0 mIU/mL. Antibodies against the three polio virus types rvere
measured by a virus microneutralisation assay.6 The lowest
diìution tested was 1/8.

For diphtheria, tetanus, HBV and polio, coDcentrations/titres
equal to or above tl¡e cui-ofi w-ere corrsidered ttr lrc indicaiive
of seroprotection. As there is no established correlation of pro-
tection against pertussis, a vaccine responsc was defined as the
appearallce of antibodies in initiaìly seronegative subjects (anti-
body concentration <5 EL.U/mL), or rnaintenance of anribody
concentrations in subjects seropositive ¡trior to vaccination.

The effectiveness oT the licensed Hib vaccine employed in
this study has been demonstrated in Àustralian children,T and
the immunogenicity of this Hib vaccine when co-administered
with DTPa-HBV-IPV has been demonstrated elsewhere .t It was
considered higtrly unlikely that the manufacturing change
under investigation would influence tÌre response to Hib.
Consequently, anti-PRP antibody concentrations were not rlea-
sured in this study.

Assessment of reactogenicity

Reactogenicity was assessed using diary cards lor B days (Days
0-7) after each vaccination. Local symptoÌns o{ pain, redness
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and swelling at the site of injection, and generaì symptoms of
drowsiness, Ïever (axiìlary temperature >-37 .5" C), irritability/
fussiness, loss of appetite, restlessness (sleeping less than usual),
sleepiness (sleeping more than usual) and vomiting were
actively solicited. Parents were suppìied with rulers to measure

redness and swelling. Any symptom that was absent was graded

as '0'. When symptoms occurred, the intensity was graded by
the investigators on a 3-point scaÌe where the most severe

symptom was 'Grade 3' defined as any of: cries when limb is
moved/spontaneousÌy painful (pain); a diameter >20 mm
(swelling and redness); axillary temperature >39.0oC (fever);

crying or irritability that could not be comforted (irritability/
fussiness); and preventing normal, everyday activities (all other
symptoms).

Any symptoms occurring within 30 days of each vaccination
were recorded. Serious adverse events (SAEs) were recorded
during the entire study untiì 30 days after the last vaccination,
and for an extended safety follow-up period of an additional
5 months after the last study visit. A SAE was defined as any
untoward medical occurrence that resulted in death, was life -

threatening, resulted in persistent or significant disability/inca-
pacity or that required inpatient hospitaìisation or prolongation
of existing hospitalisation. In addition, an important medical
event that may have jeopardised the patient or may have
required intervention to prevent one of the other outcomes
listed above was also considered serious.

Statistical analys¡s

Antibody seroprotection rates against diphtheria and tetanus
toxoids, polio types l, 2 and 3, and vaccine response rates to
PT, FHA and PRN for the According to Protocol (ATP) cohort
were calculated with exact 957o confldence interval (CI). Geo-

metric mean antibody concentrations/titres (GMC/T) with 95%
CI were calculated from the antilog of the mean of log-trans-
formed values. Antibody concentrations below the assay cut-off
were given an arbitrary value of half the cut-off for the purpose
of GMC/T calculation.

The anaÌysis of safety was performed on the ATP cohort for
safety. The incidence of solicited local and general adverse

events (any or Grade 3 intensity) was calculated with exact 957o

CI. An enrolled cohort of 3I0 subjects was planned in order to
meet the primary non-inferiority objectives of the study.

The primary objective of the study was to demonstrate
non-inferiority of the immune response induced by DTPa-

HBV-IPV using the large-scale IPV production process. Non-
inferiority was concluded if I month after the third dose the
95"/" d on the difference between groups in diphtheria, teta-
nus, HBV and polio seroprotection rates was less than I07o,
and if the 90"k Cl on the GMC ratio for PT, FHA and PRN

was less than 1.5.

Combined DTPa-HBV-lPV vaccine

partial seizures associated with a hereditary seizure disorder
which was considered unrelated to vaccination), four subjects

withdrew consent and five subjects migrated from the study
areas or were lost to follow-up. Nine subjects were eliminated
from the ATP analysis of safety for the Tollowing reasons:

received previous vaccination (2 subjects), vaccine not admin-
istered according to protocol (6 subjects), and diary card not
re turned ( I subject). A further 26 subjects were eliminated from
the ATP cohort for immunogenicity: non-compliance with
intervals between vaccination (3 subjects), non-compliance
with bìood sampling schedule (13) and missing serological data

(10). In total, 105 and 279 subjects contributed to the ATP

analyses of safety and immunogenicity, respectively. The mean
age of the total cohort at the flrst dose was 8.6 weeks (standard

deviation 0.86 weeks, range 8-12 weeks) and 56.1o/" oÏ subjects

were male.
Non-inferiority of the immune response elicited by the DTPa-

HBV-IPV vaccine manuTactured using the large-scale IPV man-
ufacturing process was demonstrated for diphtheria, tetanus,
HBV polio (the upper limit of the 95"/" CI on the group differ-
ences in seroprotection rate was below l0%), PT and FHA (the

upper limit of the 907. CI on the GMC ratio was less than 1.5).

For PRN, non-inferiority could not formally be concluded: the
upper limit of the 90% CI (1.56) marginally exceeded the pre-

defined limit of 1.5. However, anti-PRN antibody responses

were consistent with those for which vaccine efflcacy against

pertussis has been demonstrated.*'' Therefore, for the purposes

of this report, results have been pooled in order to provide an

overview of the immunogenicity and reactogenicity of the
DTPa-HBV-IPV vaccine in infants.

lmmunogenicity

One month after completion of primary immunisation, more
than 99"/" of subjects had seroprotective antibody concentra-
tions against diphtheria, tetanus and polio types 1, 2 and 3, and
98.9o/o against HBV (Table l). At ìeast 97.2"/" ll.ad a vaccine

response to pertussis antigens. There were many-foÌd increases

in antibody GMC/T after primary immunisation for all vaccine
antigens.

Reactogenicity

A total o1 98.9o/o of subjects provided data for the analysis of
safety. The majority of subjects (937.) reported the occurrence
of at least one symptom during thc first 8 days following im-
munisation; however, symptoms oÏ 'Grade 3' intensity were
uncommon (Table 2). Swelling >20 mm was the most com-
monly reported Grade 3 solicited local symptom and occurred
at a similar rate at both the DTPa-HBV-IPV and Hib injection
sites. The incidence of all solicited local symptoms fell with
subsequent vaccine doses.

Irritability was the most commonly reported general symp-
tom that occurred after each dose, foÌlowed by restlessness and
sleeping more than usual. Solicited general symptoms of Grade

I intensity occurred alter <3.4o/o of doses, with the exception

of irritability/fussiness which occurred after 7 .2ok of doses over-

all. Other than fever >39.0'C and vomiting, general symptoms
reduced in incidence and intensity with successive doses.

Results

A total of 3I4 subjects were enrolled and vaccinated (156

received a 'small-scale'lot and 158 a 'large-scaìe'lot). Eleven
subjects dropped out of the study: two due to SAEs (one subject

with 'viral fever' considered by the investigator to be possibly

related to vaccination, and one subject who developed compÌex
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Table 1 Seroprotection/vaccine response rates and GMC/T following pr¡mâry vaccination with DTPa-HBV-lPV (ATP cohort for immunogenicity)

T Nolan ef o/.

Antibody

cut-off

Timing Nl % sP^/R+ 95% Ct GMC/T 959 Cr

LL UL LL UL

Diphtheria

>0 1 lU/mL

Tetanus

>0 1 lU/mL

PT>5 EL U/mL

VR

FHA>5EL U/mL

VR

PRN>5ELU/mL
VR

HBs

>10 mtu/mL
Polio 1

>1 :8

Polio 2

>1:8

Polio 3

>1 :8

347
996
855

100

340
988
672
972
290
996
t5 J

989
826
996
77 1

996
373

100

248

279

248

279

247

247

247

241

248
247

216

264
195

264

201

261

209

261

Pre

Post

Pre

Post

Prc

Post

Pre

Post

Pre

Post

Pre

Post

Pre

Post

Pre

Post

Pre

Post

28.8

980
805
98.7

28 1

965
ó1 0

942
235
978
10.8

96.7

765
979
70.7

97.9

307
986

01

18
0.5

24
42

698
10.0

297 0

4.4

138 7

10.1

2147 3
40.1

596.2

208
462 2

õ.5

1209.3

41 .0

100

89.ó

100

403
997
73.0

98.9

35 1

100

20.4

99.8

876
100

827
100

44.3

100

01
16
04
a1

39
648
8.7

274 9

40
125.0

84
't821 0

327
513.2

177
397 7

7.3

10ó3.4

0.1

14
0.4

2.1

3.6

ó0 1

76
254 4

36
112 6

6.9

1544.2

267
441 .7

15 0

342 1

6.4

935.1

tNumber of subjects with available results, fPercent ol subjects with seroprotective antibody concentrations/titres or a vaccine response for Pl FHA, PRN,

VR (vaccine responsel defined as: for initially seronegative subjects, post-vaccination antibody concentration >5 EL U/mL; for in¡t¡ally seropositive subjects,

antibody concentration at Post >1 fold of the pre-vaccination antibody concentration. Cl, conîdence interval; FHA, flamentous haemagglut¡nin; GMCfi,
geometricmeanantibodyconcentrat¡ons/titres; LL, lowerlimit; Post, l monthfollowingDose3; Pre,priortovacc¡nationj PRN,pertactjn; Plpertussistoxin;
UL, upper limit.

Table 2 lncidence of fever and clinical events of Grade 3 intensity occurring after vaccination aL 2, 4 and ó months of age

Dose 1 (2 months) Dose 2 (4 months) Dose 3 (ó months)t

DTPa-HBV-IPV

n=300
DTPa-HBV'lPV

n=305
Hib

n=305
DTPa-HBV-lPV

n=300
Hib

n=300

Local

Pain

Redness

Swelling

General

Temperature > 37.5'C

Temperature > 39 0"C

Diarrhoea

I rrita bility/fussiness

Loss of appet¡te

Restl essness

Sleeping more than usual

Vomiting

47
30
5,0

3.7

3.0

53

07
30
1.0

36
43
52

43
46
52

29.s

0,3

13
89
13
4.9

36
03

31.3

1.0

10
9.7

0.7

33
't 3

03

14.0

0.3
a)?

30
o7
17
0.7

o.7

lHib vaccine not admin¡stered at ó months of age n, number of subjects w¡th at least one administered dose; %, percentage of subjects reporting the
symptom at least once during the follow-up period

Unsolicited adverse events occurred after 45.87o of doses

during the flrst 30 days after each vaccination. The most com-
monly reported events were upper respiratory tract infection
(after 10.57. of doses), teething i'9.2o/o\, rhinitis (8.3%) and

'other' injection site reaction (5.8o/o), Unsolicited symptoms of
Grade 3 intensity were experienced after 6.7o/" of all doses,

none of which were considered to be related to vaccination by
the investigators.
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Fourteen SAEs occurred during the study until 30 days after
the last vaccination: bronchiolitis (2 cases), urinary tract infec-
tion (2 cases), rotavirus gastroenteritis (3 cases), other gastro-

enteritis (2 cases), infected foreskin (l case), viral infection (2
cases), urticaria (l case) and seizure disorder (l case). Of these,

hospitaìisation of one subject because of 'viral fever' the day
after Dose I was considered by the investigator to be related to
immunisation and resulted in the subject withdrawing from the
study. Development of complex partial seizures after Dose 2 in
a subject with a family history of paroxysmal choreoathetosis
aìso resulted in the subject withdrawing from the study,

aÌthough the disorder was considered unrelated to immunisa-
tion by the investigator as seizures are a recognised part of this
condition.

Fifteen additional SAEs were reported during the extended
safety follow-up period from I month until 6 months after the
last vaccjnation. These were: recurrent otitis media requiring
insertion of grommets (4 cases), viral illness or bronchiolitis (5

cases, one with febrile convuÌsions), aspiration following elec-
tive surgery (l case), pneumococcal bacteraemia ( I case), pneu-
monia (2 cases), asthma (l case) and skull facture (1 case). None
were considered by the investigator to have a causal relation-
ship to vaccination.

Discussion

The DTPa-HBV-IPV vaccine (Infanrix penta) is a new combina-
tion of previously available and well-known vaccines with
established efficacy and safety profiles. In Australia, acelÌular
pertussis vaccines (DTPa) completely replaced the use of whole-
cell pertussis preparations in I999. The superior safety proflle
of acellular pertussis combination vaccines, compared with their
whole-cell counterparts, has been well documented,r0'rr The
HBV component of the combined DTPa-HBV-IPV vaccine is
similar to Engerix-B, used extensively in Australia and also
worldwide for decades. Inactivated polio vaccines were used in
the I950s before the development oI live attenuated OPV and
have been used exclusively for polio control by some countries
since that time.r2 Use of IPV has the advantage of eliminating
the small (l case in 2.4 million dosesrr) but significant risk of
vaccine-associated-paralytic-poliomyelitis associated with the
use of OPV. IPV is now included in the NVS, with federal
funding for delivery to all children provided since November
2005. The combined DTPa-HBV-IPV vaccine itself has been used
Ïor primary and booster vaccination of infants in Europe in
combination with IIib vaccinc (DTIa-IIBV-I|Ylllib: h{anrix
hexal slnce 2000 and was licensed in the United State s in 2002

under the trade name Pediarix, replacing separate administra-
tion of DTPa, HBV and IPV vaccines in that country.'The DTPa-
HBV-IPV vaccine is currently administered as part of the NVS
in the Northern Territory and Western Australia.

Published studies evaluating the DTPa-HBV-IPV vaccine have
been reviewed recently by Yehr and encompass six clinical triaÌs
in which more than 4000 infants received DTPa-HBV-IPV. The
immune response to the combined vaccine has been demon-
strated to be similar to that of separate administration of the
component vaccines. Additionally, reactogenicity of the com-
bined vaccine was not different to administration of separate
injections.

Journal of Paed¡¿trics and Child Health 43 ,2007J 587-592
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We have shown that the DTPa-HBV-IPV vaccine, including
vaccine manufactured by the Ìarger-scale IPV manufacturing
process, is highly immunogenic in Australian children, with
the vast majority of subjects developing seroprotective anti-
body concentrations against diphtheria, tetanus, HBV and
polio, and a vaccine response to pertussis antigens after pri-
mary vaccination. For antigens such as tetanus and polio types

I and 2 where high ÌeveÌs of seroprotection were present

before vaccination because of the presence of maternal anti-
body, many-fold increases in GMC/T after completion of the
primary course indicate successful priming. A study of the co-

administration of DTPa-HBV-IPV and Liqtid Pedvax Hiú showed
no evidence of interference in the immune response to either
vaccine when the vaccines were co-administered at separate

injection sites.5

DTPa-HBV-IPV was safe and weÌl-tolerated. Symptoms that
occurred at the injection site were lrequent but generally mild.
The local reactogenicity in the combined DTPa-HBV-IPV group
(including the small and Ìarge IPV manufacturing process

cohorts) was simila¡ to that of the licensed Liquid PedvaxHib

given in the opposite limb at Doses I and 2, an observation
made previousÌy in German infants when given at ), 4 and
5 months of age.a Irritabiìity/fussiness of Grade I intensity was

reported in up to 9.7o/o of. subjects after each dose. Measure-
ment of irritability is highly subjective and may be considered
to be study dependant because of the impact of the definition
used on the rate observed and the influence of culture on
reponing practices. Nevertheless, the incidence of Grade 3 irri-
tability observed following DTPa-HBV-IPV was less than previ-

ous studies of DTPa-based vaccines in Australian subjects, in
which excessive irritability defined similarly as crying and could
not be comforted at times or at all was reported in 16.5-21.5o/o

following Dose 3 of a primary vaccination course.ln Safety after
completion of the prirnary vaccination course was assessed for
an extended period with no evidence of long-term adverse

effects related to vaccination. Although a control group that
received separate injections of DTPa, HBV and IPV was not
utilised in this study, previous randomised controlled trials have

unequivocally demonstrated the comparabÌe immunogenicity
and safety of combined DTPa-HBV-IPV compared with separate

injections.a ls

The arrival of multivalent combined vaccines has aroused

concerns among some members of the public that the in{ant
immune system may be overwhelmed by the number of anti-
gens in vaccines. Howevet the immunologically normal infant
responds to many thousands or tcns oï thousands of antigcns
at one time.r6 The aceÌlular pertussis components in DTPa-HBV-

IPV are three purified antigens, compared with thousands of
antigens present in whole-cell formulations based on killed
whole pertussis organisms. This means, in fact, that acellular
pertussis vaccines contain many fewer antigens than were used

previously in pertussis protection strategies. There is no evi-
dence to date that immunisatìon with multipÌe antigcns
adversely impacts the overalÌ immune status of the infant,r6 and
the number of purified antigens found in multivalent combina-
tion vaccines does not pose a significant challenge to the enor-
mous capacity of the immune system.

Combined vaccines minimise the number of required injec-
tions, thereby saving time in immunisation cÌinics, reducing
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infant and parentaì distress, avoiding the need ïor additional
consultatior-r for deferred doses and thereby improving timeli-
ness of vaccinationlT'lt and reducing transport and storage costs

of vaccines. Combined vaccines have an important role to play
ir-r providing an acceptable method of adr¡inisterir-rg n-rultiple

aÌltigens in a singìe injection to Austraìian infants.
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Abstract

Immunogenicity and safety of a novel combined Haemophilus influenzae typeb-Neisseria meningitidis serogroups C and Y-tetanus-toxoid
conjugate vaccine (Hib-MenCY-TT) candidate was evaluated when co-administered with DTPa-HBY-IPY(PediariiMl¡ +PCV7çPrevnafMa¡
aT24-6 months of age. Anti-PRP concentrations >1.0pg/ml were observed in92.9-98.7Vo, rSBA-MenC/Y titres >l:8 in >987o, rSBA-
MenC/Y titres >1:128 in >95.8 and >89.9Vo subjects. PRP and MenC responses were similar to respective controls (ActHIBiMsand
MenjugateM6) including for antibody persistence. Response to co-administered vaccines was not impaired. Polysaccharide challenge (PRP,

PSC, PSY at 11-14 months of age) evidenced immune memory was jnduced for Hib, MenC/Y conjugate components. The safety profile of
Hib-MenCY-TT was similar to controls. Hib-MenCY-TT administered according to the current US Hib vaccine schedule has the potential to
induce protective antibodies against Hib and meningococcal-CY disease in infants and toddlers.
@ 2007 Elsevier Ltd. All rights reserved.
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Haemophilu.s infl.uenzue type b; Hib-MenCY-TT, combined Haento¡thilns influenzae typeb-Neisseria meningitidis serogroups C/Y vaccine conjugated to

polyribosyl ribitol phosphate; PSC/Y Neisseria meningitidis capsular polysaccharide serogroups C/Y; SAE, serious adverse event; rSBA, serum bactericidal
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1. Introduction

In the Unrted States (US) there are between 2400 and 3000
cases of meningococcal disease each year, with an approxi-
¡nate incidence of 1.0/100,000 [1,2]. During the last decade

the proportion of meningoÇoecal disease due to serogroup
Y has risen from 2Vo in 1990-1992 to 39 and 227o in
the period between 1996-2001 and2OOl-2005, respectively

12-51. In the same periods serogroup C accounted for 3l
and 26Vo of cases overall [2,5], making serogroups C and

Y together the cause of approximately half of the cases of
meningococcal disease in the US. Most of the remaining
cases are caused by serogroup B meningococci. Elsewhere
in the wolici, serogroup C is an important cause of disease

although it became less common in those countries where a

meningococcal C conjugate vaccine has been introduced [6].
In ihc US, Lhc incidencc of rncningocr.rccal disease peaks

during the first year of life, where serogroups C and Y
together account for approximately half of the cases []. It
is estimated that a combined CY conjugate vaccine admin-
istered to infants would, over time, prevent 48Va more
meningococcal cases than a monovalent serogroup C vaccine

[4]. The monovalent meningococcal serogroup C conjugate
vaccines existing for use in infants in most developed coun-
tries are not available in the US. A MenCY conjugate vaccine
would be optimally developed as a combination with existing
vaccines for infants, to avoid additional injections in this age
group. A licensed rneningococcal ACV/Y conjugate vaccine
was introduced in the routine immunization proglam in the
US for Ll-I2-yearold children but is poorly immunogenic
in infancy [7].

Threc formulations of a novcl combincd Haeinaphilus
influenzae type b-N. nteningitidis serogroup C and Y vac-
cine conjugated to tetanus-toxoid (Hib-MenCY-TT) for the
primary vaccination of infants were evaluated. To simul-
taneously evaluate possible co-administration effects, the

study vaccine was administered concomitantly with routinely
administered, licensed vaccines. Antibody persistence after
primary vaccination was assessed ar. ll-14 months of age

and. immune memory was assessed by immunization with
l0 pg of each plain Hib, MenC and MenY polysaccharides.

2. Patients and methods

2.1. Study design

This randomized study was performed at three sites in
Australia between March 2003 and August 2004 and was

conducted according to Good Clinical Practice guidelines
and the Declaration of Helsinki (South Africa). Protocols
were approved by the ethics review committees of the par-
ticipating centers. Written informed consent was obtained
from parents/guardians prior to enrolment. Three different
formulations of the Hib-MenCY-TT conjugate vaccine were
evaluated. The MenC immune response was compared to

that following administration of a licensed monovalent MenC
conjugate vaccine and the Hib response to a licensed mono-
valent Hib vaccine.

2.2. Study pt'ocedures

Healthy infants 6-l 2 weeks ofage and vaccinated against
HBV at birth were eligible and randomly allocated to one

of five study groups (Fig. l). Subjects were excluded in
case of: major congenital defects or serious chronic illness;
immunodeficiency; previous/intercurrent vaccination or djs-
ease with study vaccine antigens; allergy to any component
of the vaccine; use or planned use of other investigational
or non-registereri cirugs/vaccines; receipt of -blooci 

prociucts
including immunoglobulin before or during the trial; neu-
rologic disorders or seizures; acute disease at the time of
eirroiruent.

The three Hib-MenCY-TT groups received concomi-
tant vaccination wi th pentavalent diphtheria-tetanus-acellular
pertussis-hepatitis B-inactivated poliovirus (DTPa-HBV-
IPV) and 7-valent pneumococcal conj ugate (PCV7) vaccines.
The Control MenC group received MenC vaccine co-
administeled with Hib and DTPa-HBV-IPV. The Control
Hib group received Hib vaccine co-administered with
DTPa-HBV-IPV and PCVT vaccines. All vaccines were
administered intramuscularly af 2, 4 and 6 months of age

in the anterolateral thigh as separate injections. The Hib-
MenCY-TT and Hib vaccines were administered in the left
thigh, the other vaccines in the right thigh at different injection
sites. At 1 l-14 months of age (challenge phase), the subjects
received l0 pg of plain polysaccharide polyribosyl ribitol
phosphate (PRP) and lC ¡rg cach of plain mcningococcal
polysaccharides C and Y (PSC, PSY; given as one fifth (l/5)
dose of N. meningitidis 4çy¿trsy polysaccharide vaccine).
These vaccines were administered intramuscularly in oppo-
site deltoids. At the end of the challenge phase licensed PCVT
(two doses) and MenC conjugate vaccines were offered to the

Control MenC and Control Hib groups, respectively. All sub-
jects were offered a booster dose ofHib conjugate vaccine at

study conclusion in accordance with the Australian Standard
Vaccination Schedule, which includes a booster dose at l2
months of age.

The different characteristics of the vaccines and the dif-
ferent vaccination schedules did not allow the study to be

fully blinded with respect to the knowledge of the immu-
nization and clinical parameters. However, the personnel who
analyzed the data were blind to the vaccines received.

2.3. Vaccines

All vaccines except MenC, PCVT and Hib were devel-
oped and manufactured by GlaxoSmithKline Biologicals,
Rixensart, Belgium. Hib-MenCY-T'T vaccines were conju-
gated to tetanus-toxoid (TT). The formulations tested were
Hib-MenCY-TT 2.515/5 containing 2.5 p.g of PRP and 5 pg
each of MenC and MenY polysaccharides, Hib-MenCY-TT
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Group

Hib-MenCY-TT 2.5/5/5
Hib-MenGY-TT 5/'î û/í0
Hib-MenCY-TT 5/5/5
Control Hìb
Control MenC

6-1 2 weeks
v2

f 4 months
V3

t 6 monlhs
V4

* 7 months

V5
1l-14 months

PRP+MencevaxlM
PRP+MENCCVAXTM
PRP+MencevaxlM
PRP+MencêvaxlM
PRP+Mencevaxril

*

V6
12-15 months

MenC
PCVT 5

*

Hib-MenCY-TT 2.51515+ DïPa-HBV-|PV + PCW
H¡b_MenCy-TT 5t10t1o + Dïpa_HBV_tpV + PCVT
Hib.MenCY.TT 5/5/5 + DTPa.HBV-IPV + PCVT

Hib+ DTPa-HBV-IPV+PCW
Hib + DTPê-HBV-IPV + MEnC

L 11 I

Fig. 1. Vaccination schedules

* I
Primary vaccination (3 doses)

Primary phase

Challenge
vaccinalion

Challenge phase'Blood sampling
t 2 doses

5/10/10 with 5 pg of PRP and l0 pgeach ofMenC andMenY
polysaccharides, and Hib-MenCY-TT 5/5/5 containing 5 pg
of each polysaccharide, per 0.5 mL dose. The composition
of DTPa-HBV-IPV vaccine (Infanrix pentarMT /PediarifM¡
has been described elsewhere l8l. MencevaxTM ACV/Y8
contained 50 pg each of N. meningitidis polysaccharide
serogroups A, C, W135 and Y. Plain PRP vaccine con-
tained l0pg PRP. The PCVT vaccine (PrevnafM, V/yeth,
Pearl River, NY, US) comprised pneumococcal polysaccha-
ride serotypes 4, 68, 9Y,14,18C, 19F and23F conjugated
to Corynebacterium diphtheria CR}I4I97 protein, adsorbed
onto aluminum phosphate. The licensed MenC vaccine
(MenjugaterM, Novartis, Emeryville, CA) contained 10 pg
of MenC polysaccharide conjugated to CRMI97 adsorbed
onto aluminum phosphate. The licensed Hib conjugate vac-
cine (AcIHIBTM, Sanofi Pasteur, Lyon, France) contained
l0 pg PRP conjugated to TT.

2.4. Assessment of antibody response

Four blood samples were collected from all subjects.
Blinded serological analyses were performed at the labo-
ratory of Dr. M. Pichichero (Department of Microbiology
and Immunology's Labs, University of Rochester, NY,
US) or at GlaxoSmithKline Biologicals, Rixensart, Bel-
gium (meningococcal and pneumococcal antibody testing
only).

Functional anti-MenC and MenY activity was measured
by a serum bactericidal test using baby rabbit complement

[9] (rSBA, assay cut-off at dilution 1:8). Specific anti-
PSC and anti-PSY IgG were measured by ELISA (assay

cut-off of 0.3 pglml.) [0]. ELISA was also used to mea-

1 Infanrix penta is the Tradema¡k of the GlaxoSmithKline group of com-
panles.

8 M",rr"u* ACWY is the Trademark of the GlaxoSmithKline group of
companles.

sure antibodies against PRP (assay cut-off of 0.15 p,glmL),
diphtheria and tetanus-toxoids (0.1 IU/mL), pertussis anti-
gens (5 EL.U/mL), and hepatitis B surface antigen (HBs,

10mIU/mL). Antibodies against poliovirus types 1, 2 and

3 were determined by a virus micro-neutralization test (cut-

off of 1 :8 dilution) [ I 1] . Pneumococcal serotype specific total
IgG antibodies were measuredby 22F inhibition ELISA [12]
(assay cut-off of 0.05 pg/ml-) [13].

The rSBA titer of 1:8 has been proposed as the cor-

relate of protection for MenC; a threshold of l:128 has

also been used to describe immunization results t14,151.
For anti-PSC, a threshold of 2p"glmL was also calcu-

lated as this may correlate with protection after the plain
meningococcal C polysaccharide vaccine [16]. For diphthe-
ria, tetanus, each polio type, Hib and hepatitis B, an antibody
level at or exceeding assay cut-off was considered to be

protective. For pneumococcal polysaccharide antibodies a

threshold level of >0.2 p,g/mL was considered [17]. For Hib,
a concentration of 0.15 p"glmL was considered indicative of
protection after conjugate immunization [18] and a concen-

tration of 1 pg/ml was considered as indicative of long-term
protection after immunization with plain polysaccharide

Ite,20l.

2.5. Assessment of safety

Diary cards were used to record solicited local and general

symptoms for 8 days after each vaccination (days 0-7). Other
symptoms were recorded up to 30 days after each vaccine

dose and serious adverse events (SAEs) were recorded during
the entire study period.

2.6. Stqtistical method,s

The first co-primary objective of the study was to evaluate

the non-inferiority of the Hib-MenCY-TT vaccines compared

to the Hib control in terms of percentage of subjects with anti-

Ì

þ
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PRP antibody concentrations >1.0 p,glmL by determining
the upper limit of the standardized asymptotic 95Vo con-
lldence interval (CI) of the difference between the control
group and each of the three Hib-MenCY-TT formulations
and assessing with which non-inferiority limit (delta) these

lesults were compatible.
The seconcl co-primary objective was to evaluate the

immunogenicity of the different formulations in terms of
rSBA-MenC and rSBA-MenY titles >1:8. Geometric mean

antibody concentrations/titres (GMC/Ts) with 9 57o CIs and

seropositivity/seroprotection rates with exact 957o CIs were
calculated. Diffelences between the Hib-MenCY-TT and

control groups were assessed by calculating standardized
asymptotic 95ok CIs on the ciifference 'between groups in
seroprotection/seropositivity rates and the 957o CIs on the
GMC/GMT ratio between groups. The Control MenC group
--- -l -- 1l-, --1,-l f-- -ôn^ rf I -: ñô^ r 

^5Cr VCU aS UtË L;UiltlUt tUI rù-Ct.¿ì,-tVlCI¡\, anU altu-rù\- rg\J
responses and the Control Hib group for all other antigens and

for the assessment of safety. The control groups also served

as MenY-unprimed controls for the challenge with meningo-
coccal polysaccharides. Two vaccine groups were considered
statistically significantly different if the9SVo CIfor the differ-
ence in rates between the two groups excluded zero, or if the

957o CI for the GMC/GMT ratio between groups excluded
one.

The difference between the groups in the incidencc of
solicited symptoms was explored using the Fisher exact test.

The according-to-protocol (ATP) cohorts for safety analysis
included all subjects: who had received at least one dose of
study vaccine/control according to their random assignment,
for whom the administration site of study vaccine/control
was known, who did not receive a vaccine not specified or
forbidden in the protocol.

T. Nolan et al. / Vaccine 25 (2007) 8487-8499

The ATP cohorts fol irnnlunogenicity analysis included all
evaluable subjects (i.e. those meeting all eligibility critel'ia,
complying with plocedures defined in the protocol and with
no elimination criteriaduring the study) from the ATP cohorts
for safety for whom assay results for antibodies against at

least one study vaccine antigen component I month after the
third vaccine dose (for primaly ATP cohort) or 1 month after
at least one PRP, PSC or PSY vaccine dose (for challenge
ATP cohort) were available.

The target enrohnent was limited to 400 subjects in this
feasibility study to provide at least 320 evaluable subjects
(64 per group). Assurning |haf 93Vo seroprotection rates in
each group was attained, 64 evaluable subjects per group
ensure<i that the asymptotic 95ùio confrdence for the ciiffer-
ence in scroprotection rates betwcen two groups was equal
to [-8.8; 8.87o].In addition, 64 evaluable subjects per group

tl 1l r-t Lwuuru liluvruc a scroljusllrvil.y late ul ùD/\-rvlct¡\- ol òD1\-
MenY with a 957o confrdence interval equal to 189 .1; l007ol
if the observed rate was 957o.

3. Results

A total of 409 subjects were enrolled and randomized in
the primary phase between March 2003 and February 2004
and40l subjects received vaccine. Three hundred and ninety-
four subjects participated in the challenge phase of the study
from December 2003 to August 2004 (Fig. 2). AII groups
were comparable in terms of demographic characteristics:
fhe mean age of the total vaccinated cohort at the time of the

first vaccination and at the time of the booster vaccination
was, respectively, 8.1 weeks t 1.5(standard deviation) weeks
and ll.2 months t0.5 month.
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3.1. Immunogenicity

3.1.1. Response to PRP by ELISA
Anti-PRP seroprotection rates (>0.15 pg/ml) and GMCs

were similar in the Hib-MenCY-TT groups compared to
the Control Hib group following primary vaccination and
prior to polysaccharide challenge (Table l; Fig. 3). Fol-
lowing primary vaccination, the proportion of subjects with
anti-PRP antibody concentrations >l.0pg/ml (Table 1)

in Hib-MenCY-TT 2.51515 and Hib-MenCY-TT 5ll0ll0
groups compared to the control was consistent with a non-
inferiority limit (delta) of 57o, and a limit of llTo between
the Hib-MenCY-TT 5/5/5 group and control (Table 2).
After the polysaccharide challenge dose, statistically sig-
nificantly more subjects in the Hib-MenCY-TT 2.5/515 and
5llÙl10 groups achieved anti-PRP antibody concentrations
>l.Opg/ml than in the Control Hib group. Anti-PRP
GMCs were statistically significantly higher in all three Hib-
MenCY-TT groups compared to the Control Hib group.

3.L2. Response to MenC
3.1 .2.1 . rSBA-MenC. After primary vaccination there were
no statistically significant differences between the Hib-
MenCY-TT groups and the Control MenC group in the
proportion of subjects with rSBA-MenC titres >1:8 or
>l:128 (Table l). rSBA-MenC GMTs were statistically sig-
nificantly higher in the Control MenC group after primary
vaccination compared to each of the three Hib-MenCY-TT
groups individually. However, prior to the polysaccharide
challenge dose this difference was no longer evident (Fig. 3).

Indeed, the persistence of rSBA-MenC was statistically sig-

T. Nolan et al. / Vaccine 25 (2007) 8487-8499 849 I

nificantly higher in the Hib-MenCY-TT 5ll0llO and2.5/515
groups than in the Control MenC group in terms of titres > I :8
and >l:128, respectively, though there was no evidence for
a difference in GMTs at that timepoint (Table l).

After the polysaccharide challenge, the percentage of
subjects with rSBA-MenC titres > l:128 was statistically sig-
nificantly higher in the Hib-MenCY-TT 2.5/5/5 and 5/10/10
groups compared to the Control MenC group. rSBA-MenC
GMTs were statistically significantly higher in the Hib-
MenCY-TT 2.5/5/5 and 5/515 groups than in the Control
MenC group.

3.1.2.2. AntïPSC antibodies by ELISA. After primary vac-
cination, anti-PSC GMCs were statistically significantly
lower in the Hib-MenCY-TT 5/5/5 group than the Control
MenC group (Fig. 3). The two other Hib-MenCY-TT for-
mulations were at the limit of statistical significance (the

lower limit of the 95Vo CI on the GMC ratio was at 1.0). At
I 1-14 months of age, statistically significantly more subjects
maintained anti-PsC antibody concentrations >2.0 ¡rg/ml in
the Hib-MenCY-TT 5ll0llO group versus the Control MenC
group, although there was no evidence for a difference in
GMCs at that timepoint (Fig. 3). After the polysaccharide
challenge, anti-PSC GMCs were significantly higher in the

Hib-MenCY-TT 2.5/515 and 5/5/5 groups than in the Control
MenC group (Fig. 3).

3.1.3. Response to MenY
3.1.3.1. rSBA-MenY. After primary vaccination the propor-
tion of subjects with rSBA-MenY titres >1:8 and >1:128,
was substantially higher in the Hib-MenCY-TT:vaccinated
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Table I
Percentage of subjects with antibody responses to PRP a¡rd MenC druring the primary and polysaccharide challenge phases

Group Timepoint PRP MenC

N (pg/n[,)Vo rSBA (l/Dil) % PSC (p,elnl,) Va

>0.15 957a Cl >1 95Vo Cl >1:8 957o CI >1:128 957o Ci >0.3 95Vo Cl >2 95Vo CI

Hib-MenCY-TT 2.5/5/5

Hib-MenCY-TT 5/10/10

Hib-MenCY-TT 5/5/5

Control MenC

Control Hib

PTeJII
Post-III
Pre-PS

PosrPS

Pre-III
Post-lII
Pre-PS

Post-PS

PTeJII
Post-lll
Pre-PS

Post-PS

Pre-lll
Post-III
Pre-PS

Post-PS

Pre-lII
Post-lII
Pre-PS

Post-PS

30;7;55 2

95.1;100
95.3;100
94.7;r00

40.6;64.9
95.3;100
93.Cr;100

92.6;100

48.5:72 9
94.9;100
92 8;100
94 9:1 00

35 4;60 3

92 7;100
85.7;97.9
93 l;100

38 7;62.6

95. I ;100
90.6;99;7
92.5:100

10.3

97.3
66.2

98.5b

14.3

9E.7

59.7

94.51

11.0

94.6
59.5
80.6

4.2;20.r
90-6;99;1

54.6;76.6
92.1;100

7.1;24 7

92 9;100
47.9;'70.8

86.6;98.5

3.4;18.5
84-1;9'7.6

38.9;62.4
82.5;96.8

3.4;18.5
'79.8;95.2

39.7;62.8
60.9;81.7

,1.9;20.5

86.7;98.5
4'7.4;70.7

69.5;88.9

0.4;10.2
94 8;100
90.8;99.7
94 8;100

3.4;18;7
95.3;100
92-9;100
95.1:100

0.4;11.0
95.0;100
88.8;99 2
94.9;100

0.9;12 7

95.1;100
81.9;96.2
91.2;99.7

0.0;7.1

0.0;7.1

4.0;19.0
l7.0;39.6

0.0

98.6
78.94

98.6"

0.0;5.3
92.2;100
68.1 ;87.5
922;100

0.0;8.2
90.8;99.7
60.9;82.0
90.5;99.7

0 0;5.7
88.3;99.1

56.2:78.3
86.2;98 4

0.0;5.4
92.7;100
52.7;7 5 -l
'75.0;91.9

3.1;20.3
94.3;100
94.9;100
94.9;100

3.1;20 3

94.-5;100

95. I ;1 00

94.9;100

4 6;24.8
94 1;100

94.3;100
94.9;100

3.0;19.6
94.2;100
95.3;100
95.3;100

2.0;77.?

0.0;8.5
o'o;7 '6

90.2;99;7

1.9

98.4
67.r
94.4

0.0
100

76.7"

9s.7

98.4

93.0

0.0
100

57.9

96.1

0.0;9.9
91.5;100
54.9;7'7.9

86.2;98.4

0.0;6.6
94.5;100
65 4;85.8
88.0;99.I

0.0;1 3

91.2;100
57.0;80.8
84.3;97.7

0 0;6.4
94 2;100
46.0;69 1

88.9;99.2

0 0;6.4

o'o;5'7
0.0;5.1

28.0:51.7

2.9
100

r00

1t

100

100

9.0
92.9

s0.7

91.5

42.6
100

100

100

74

74

80

73

'76

76

79

J5

75

75

76

14

77

7'7

81
'79

'76

/t)
7'7

'72

52.9

100

98.7
98.6

9.1

100

98.7d

100

97.4

96.0

1.5

97.4
72.4
97.3s

0.0

95.8
68.0
94.4

0.0
98.6
64.s

84.E

9.3
100

100

100

9.3

100

r00
100

12.2

100

100

100

8.9

100

100

100

7.1

1.6

r.4
97.2

::è
È:
S

N

NoÕ:
oo

Ooì
Co\\o

0.0

69.8

0.0

0.0

0.0
39.4

6t.2
100

98.7
r00

47.8
98.6
93.6
98.7

9.0
89.2
51.3
11 1

4.5
100

90.8
97.s

50.7

100

97.3
98.6

1.4

1.3

9.7

27.3

0.0;5.1

0.0;4.7
0.0;7.5
3.4;18;7

0.0

0.0

1.4

9.1

using rabbit complement. Statistically signifrcant differences: control group zeinas study group l95Vo Cl for the diffe¡ence in rates does not include "0"1.
u Control MenC - Hib-MenCY-TT 2.515/5 Í-28.4; -0.21.
b Control Hib - Hib-MenCY-TT 2.5/515 t-28.8; -9.01
c Control MenC - Hib-MenCY-TT 2.5/515 l-23-5; -5-61.
d Control MenC - Hib-MenCY-TT 5/10/10 t-16.7; -1 0l
e Control MenC - Hib-MenCY-TT 5/10/10 [-33.1; -3.8].
r Cont o[ Hib - Hib-MenCY-TT 5/10/10 l-25.3; -3.51.
-q Contol MenC - Hib-MenCY-TT 5/10/10 l-22A; -3.81.



Table2
Difference between each of the three Hib-MenCY-TT groups and the
control group in terms of percentage of subjects with anti-PRP concen-
tration >1pgmL I month after the third vaccine dose (ATP cohoft for
immunogenicity)

Difference between groups Vo 95Va CI
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>98.67o in the three Hib-MenCY-TT groups compared with
<36.47o in the MenY-naïve groups. Increases in GMC of
7.1 fo 12.5 fold were also observed in the Hib-MenCY-
TT:primed groups that were absent in the MenY-naïve
groups.

3.1.4. Response to co-administered vaccines
V/ith the exception of anti-tetanus antibody GMCs,

there was no statistically significant difference between
the Hib-MenCY-TT and Control Hib groups in terms of
antibody seroprotection/seropositivity rates or GMCÆs to
DTPa-HBV-IPV antigens at either the post-primary or per-
sistence timepoints (Table 4). Anti-tetanus antibody GMCs
were higher at both timepoints in the Hib-MenCY-TT
groups. One month after primary vaccination the anti-
tetanus antibody GMC was 3.3, 3.8 and 3AIUlmL in
groups Hib-MenCY-TT2.5/5/5, Hib-MenCY-TT5/10/10 and
Hib-MenCY-TT 5 / 5 / 5, respectively, compared to 2.0 IU / mL
in the Control Hib group. Prior to the polysaccharide
challenge the anti-tetanus antibody GMC was l.l IU/mL,
l.3IU/mL and l.lIU/mL in the respective Hib-MenCY-
TT groups, compared ro 0.8IU/mL in Control Hib
group. There was no statistically significant difference
for any comparison between the three Hib-MenCY-TT
groups and the Control Hib group in subjects with anti-
pneumococcal antibodies >O.2p"glmL or GMCs for any
serotype (Table 5).

Control Hib - Hib-MenCY-TT 2.5/5/5
Control Hib - Hib-MenCY-TT 5/10/10
Control Hib - Hib-MenCY-TT 5/5/5

-4.1
1.7

[- 10.8;4.6]

[-12.0;2.3]
[-7.0;1 1 .0]

Vo, Percenlage of subjects with anti-PRP concentration > 1 pglml-.

subjects, than in MenY-naïve subjects. Titers >l:128 per-
sisted in >60% of children up to 11-14 months of age (Table 3;
Fig. 3). The MenY GMT was also higher in the Hib-MenCY-
TT groups. Plain polysaccharide challenge elicited increases
in the percentage of subjects with rSBA-MenY titers >l:8
and > l:128 in all Hib-MenCY-TT groups and l1- to 16-fold
increases in GMTs.

3.1.3.2. Anti-PSY antibodies by ELISA. One monrh afrer
primary vaccination, anti-PSY antibody GMCs were of
a similar order of magnitude in the three Hib-MenCY-
TT groups and antibody concentrations >0.3 pg/ml were
maintained in the majority of subjects until the polysac-
charide challenge (Table 3; Fig. 3). One month after the
plain polysaccharide challenge, the percentage of subjects
with anti-PSY antibody concentrations >2.0 ¡.r,g/ml- was

Table 3

Percentage of subjects with antibody responses to Men Y during the primary and polysaccharide challenge phases

Group Timepoint MenY

N rSBA (1/Dil) % PSY (¡rglml-) 7o

>l:8 95% CI >1:128 95Vo Cl >0.3 95VoCI >2 95VoCl

Hib-MenCY-TT 2.5/5/5

Hib-MenCY-TT 5/10/10

Hib-MenCY-TT 5/5/5

Control MenC

Contlol Hib

Pre-lII
Post-lII
Pre-PS

Post-PS

Pre-III
Post-III
Pre-PS

Post-PS

74

74

80

13

'76

'76

79

t5

75
'75

76

74

'7'7

77

8l
79

76

76
'7'7

72

81.1

L4.3

t4.7
23.6
4t.6

s.9
98.5
89.2

100

0.0

95.5
60.8

100

0.0

100

81.6
100

1.6;14.4

92.0;100
'19.8;95.2

94.7;100

4.4;20.9
94.7;100
'10.3;89.3

94.9;100

2.9;19.0
92.2;100
75.9;93.1

92.3;100

6.'7;25.4

1.3;25.4
14.4;35.1

53 4;60.4

0.0;5.3
8'7.5;99.1

48 8;72.0
94.'7;100

0.0;9.2
80.2;95.8
48 9;72.4
92 3;100

l2;16.2
94.6;100
95.3;100
94.8;100

2 2;18.9
94.9;100
95.1;1 00

94.8;1 00

1.3;11 .5

95.0;100
92.6;100
94.8;1 00

5.2;24 I
0.4; 10.5

0.0;4.6
82.2;96.3

5.4;24.9
0.0;5-2
0.0;7.6

80.7;95.9

o o;7'o
94.6;100
71 .0;89.5

94.8;1 00

0.5;13.5
92.3;100
76.5;93.3
92.4;100

0.1 ;1 I .6

90.3;99.7
68.4;88.0
92.4;100

0.4;12.3
0.0;5.4
0.0;4.6

25.1;48.1

0.0;9.9
0.0;5.2
0.0;5. I

23.0;46.0

5.9
100
100

100

10.8

100
3.1

97.r
67.6

9s.8

0.4;10'7
89.8;99.6
55.7;'78.0

88.1 ;99. 1

7.8
100

100

100

3.9
98.6
86.5
98.6100

Pre-III
Post-llI
Pre-PS

Post-PS

Pre-III
Post-III
Pre-PS

Post-PS

8.6
98.6
86.1

98.6

1.7

89.9
61.1

98.6

6.4
100

98.6
100

2.1

97.2
79.5
98.6

7.9
E.8

13.9

23.4

38.0

2.6;1'7.6

3.3:18.2
6.9;18.8

14.5;34.4

3.6
0.0
0.0

36.4

1.9

0.0

0.0

33.8

12.5

3.0
0.0

90.9

13.0
0.0

1.4

90.1

Pre-III
Post-llI
Pre-PS

Post-PS

6.1

16.2

33.3
53.5

1.7;14.8

8.7;26 6
22;7;45.4
41.3;65.5

1.5

9.5
19.4

0.0;8.2
3.9;18.5

I 1.1;30.5

26.8;50.3

N, number of subjects in the ATP cohort for immunogenicity primary phase, ATP cohort for safety challenge phase for pre-PS results and ATP cohort for
immunogenicity for post-PS results; 7o, percentage of subjects with concentration above the specified cut-off; pre-III and post-III, prior to and 1 month following
primary vaccination; pre-PS and post-PS, at the time of and 1 month following plain polysaccharide challenge at 1l-14 months of age; Men t M meningitidis
serogroup Y; PSY M neningitidis serogroup Y polysaccharide; rSBA, serum bactericidal activity.
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Table 4

Antibody responses to DTPa-HBV-IPV after prima¡y vaccination and prior to the polysaccharide challenge ar ll-14 months of age

Group

Antibody Assay
cut-off

Diphtheria 0.1IU/mL

Tetanus 0.1IU/mL

HBs l0mIUimL

5 EL.U/mL

FHA 5EL.U/mL

PRN 5 EL.U/mL

Poliovi¡us I 1:8

Poliovirus 2 1:8

Poliovirus 3 1:8

Timepoint

Post-III
Pre-PS

PostjII
Pre-PS

PosrIII
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

Hib-MenCY-TT 2.5/5/5

N= 74(80)

% GMC/T

Hib-MenCY-TT 5/10/10

N=76('79)

Vo GMCÆ

Hib-MenCY-TT 5/5/5

Vo GMC/T

Control MenC
N= 77(81)

Vo GMC/T 7o

Control Hib
N--'.|6(77)

98.7
9E.6

84.0

GMCÆ

100

97.4

100

100

98.ó
973

100

92.2

L00

98.7

100

97.4

100

98.6

100

98.6

100

100

7.7

0.5

334
1.1

1769.2

452.3

55. I
lt -6

t37.2
49.4

128.3

36.2

669.6

175 I
533.8
139.8

1266.3

348.4

96.2

100

97.t

100

98.7

96.2

94.2

94.3

98.6

1.8

0.5

3.8b

1.3

t840;7
490.5

55.2

11.6

t41.5
50.9

120.7

31.8

476.8
120.6

369.8
94.1

1034.8

263.8

100

96.0

100

98.7

100

97.1

100

84.9

100

96.0

100

94.7

100

98.6

100

94.2

98.s
97.1

2.0
0.5

3.4'
l.l

t652.6
452.9

53-7

9.9

136.2

44.3

106.2

27.3

574.7
162.4

408.0
I 10.1

1062.2

250.9

100

92.5

100

97.5

100

96.0

100

78.2

100

100

98.7

91.3

100
100

100

94.7

98.s
9E.7

1.8

0.4

348-9
89.ó

1.9

0.6

1752.2

390.5

49;7

8.2

132.r

39.9

112.9

2'7.2

454.0

116.4

100

98.7

2.0

0.5

2.0
0.8

1609;1

534.9

548
9.8

t46;7
50.2

r37.8
35.8

5l'r.6
166.4

368.0
88.3

945.5

203.9

100 100

100

100

100
100

100
:
¿
Ò
s

s

N

N
Õ
J
Co{
ooì
co
À.

100100

86.8
PT

100

100

100

100

95.5

100

100

100

100

98.s

1084.9

264.0
100

97.0

control group divided by study group l95%a Cl for the GMCÆ ratio does not include "1"1.
a Cont¡ol Hib/FIib-MenCY-TT 2.5 / 5 I 5 10.5 1 ; 0 ;7 4).
b Control Hib/Hib-MenCY-TT 5/10/10 [0.44; 0.64].
c Control Hib/Hib-MenCY-TT 5 / 5 I 5 10.50; 0.7 21.



Table 5

Antibody response to PCVT following primary vaccination and prior to the challenge dose at I 1-14 months of age

Group

Serotype Timepoint Hib-MenCY-TT 2.5/5/5
N= 74(80)

>0.2 ¡t"glrrú,

Hib-MenCY-TT 5/10/10
N--'16('19)

>0.2p"glml GMC
(Pg/rnl-)

Hib-MenCY-TT 5/5/5
N='7s(76)

>0.2¡tg/ll.[- GMC
(pglrnl-)

2.023
0.508

0.834
0.292

2.823
0.933

4.309
2.549

2.936

0.708

2.061
0.39'7

2.098

0.644

Control MenC
N= 77(81)

>0.2p'g/rrú' GMC

0.027
0.026

0.027
0.026

0.028
0.03

0.062

0.039

0.029

0.025

0.03
0.042

0.027
0.025

GMC
(Þeiml-) 0.2 þglÍì1, (pglml-)

Control Hib
N =76(77)

GMC
(pglrnl)

ì
¿

s

N

N
Þ
J
CoÀ
Coì
co
À.\o
\o

4 Post-III
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

Post-III
Pre-PS

100

92.9

85.3

65.2

100

9t;l

98.5

94.1

98.5

97.9

100
'74.0

97.0

90.4

2.101
0.495

1.06

0.307

3.102
0.818

4.095
2.362

3.518
0.7'75

2.303
0.413

2.581

0.783

100

92.4

8t.2
79.0

100

98-2

r00
98.4

100

98.0

100

84.6

95.7

84.1

1.7

1.4

1.6

0.0

1.6

3.2

t4.3
7.2

3.1

0.0

3.6
10.4

0.0
0.0

100

82.8

86.2

67.7

98.5

100

98.5

98.4

9'1.0

91.3

96.9

71.4

93.9

80.0

100

88.2

91.4
65. I

97.2
90.0

100

97.0

98.6
96.2

98.5

71.8

94-l
8t.2

2.049
0.528

1.0't9
0.307

2.363
o.727

5.592
2.76'7

2.969
0-742

1.846

0.335

2.rt2
0.642

2.062
0.45

0.879
0.308

2.651

0.881

4.372

2.3't9

3.326

0.668

1.881

0.339

1.988

0.578

6B

9V

t4

18C

19F

23F

following primary vaccination; pre-PS, at the time of the plain polysaccharide challenge ãr ll-14 months of age; GMC, geometric mean concentration.
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The number of doses in the Hib-MenCY-TT 2.5/5/5
(0.47o) and Hib-MenCY-TT 5ll0/l0 groups (O.4%) which
were followed by grade 3 drowsiness was statistically signif-
icantly less than in the Control Hib group (3.37o) (p < 0.05).
Grade 3 pain also occurred less frequently (p<0.05) in the

Hib-MenCY-TT 5/10/10 gtotp (1.67o of doses) compared
to the Control Hib group (5.47o) (Fig. a). No other statisti-
cally significant differences were noted in terms of grade 3

solicited symptoms. Fever >39.5 oC was reported by three
subjects (l .27o of doses) or fewel in each group. The inci-
dence of fever >38'C was statistically significantly lower in
the Hib-MenCY-TT 5/10/lO group compared to the Control
Hib group (p < 0.05).

Afterprimary vaccination, unsolicited symptoms of grade
3 intensity occurred in 12.27o to 18.37o of subjects vac-
cinated with a Hib-MenCY-TT vaccine, and in l7.l7o of
subjects in the Control Hib group, most of which were not
related to vaccination. Twelve infants had unsolicited symp-
toms preventing daily activities and considered related to
vaccination: 7 in the Hib-MenCY-TT groups (1 dianhea, I
constipation, 2 vomiting, one of them also feeling jittery, I
upper respiratory tract infection, I eczema, I gastroenteri-
tis),2 in the MenC control group (l gastroenteritis and I
vomiting) and 3 in the Hib control group (2 vomiting and

I upper respiratory tract infection). Most episodes lasted
1-3 days, except for respiratory tract infections (maximum
duration of 23 days), one recipient with diarrhea (lasting
20 days) and one with eczema that was ongoing at study
end.

Thirteen non-fatal SAEs occurred during the primary vac-
cination study: 6 in the 3 Hib-MenCY-TT groups and 7 in the

control groups. Sixteen SAEs occurred from 1 month after
primary vaccination until 1 month after the polysaccharide
challenge. One child died at 6 months of age due to sud-
den infant death syndrome 88 days after receiving the first
dose of Hib-MenCY-'fl 51515, but not having received the
due second dose Hib-MenCY-TT 5/5/5. None of the SAEs
were considered by the investigators to be related to vacci-
natlon.

Pan >38 0"C :38 5"C )3S û'C :'3C 5"C Þ40 0"C

Fig. 4 Percentage of subjects with grade 3 solicited symptoms and any fever (axillary route) overall doses during 8-day follow-up after primary vaccination
Results from the total vaccinated cohort Grade 3 defined as: pain; cries when limb is moved/spontaneously painful, redness and swelling; diameter >30 mm,
loss ofappetite; not eating at all, and for other advelse events; preventing normal, everyday activities and would cause the parents/ guardians to seek medical
aclvice. Error barc=957a Cl. *p <0 05 Fisher exact test comDarins srouo Control Hib.

3.2. Safety 4. Discussion

The novel Hib-MenCY-TT conjugate vaccine reported
here is the first candidate vaccine that combines Hib anti-
gen with conjugated MenC and MenY antigens. The goal in
developing this product was to provide a vaccine for infants
against two of the major serogroups contributing to meningo-
coccal disease in infants in the US and other countries where
MenY may become endemic in the future.

The MenY component in this vaccine resulted in the

development of bactericidal antibodies in at least 987o of
vaccinated infants. The Hib and MenC components of the

Hib-MenCY-TT vaccines tested were as irnmunogenic as

the monovalent vaccine currently available in Australia as

determined by the proportion of subjects achieving anti-PRP
antibody concentrations >0.15 and > 1.0 pg/ml-, and rSBA-
MenC titres >1:8 and >l:128, after primary vaccination.

These results suggest that Hib-MenCY-TT administered
according to the cunent US Hib vaccine schedule (2,4,6 and
12-15 months of age) has the potential to prevent Hib disease

and an important component of meningococcal disease in
infants and toddlers.

The availability of effective ccnjugate Hib vaccines has

had a profound impact on the epidemiology of Hib dis-
ease [21]. The effectiveness of conjugate MenC vaccines
in reducing MenC disease in both vaccinated and unvacci-
nated individuals has been conclusively demonstrated in the
UK, where their use was widely implemented for epidemic
control [22,231. Recent papers from the UK suggest that a

booster dose in late infancy or in the second year oflife should
be considered to ensure long-term sustained protection for
both MenC l24l and Hib [25] and Hib and MenC conjugate
booster doses are now part of the vaccination schedule in the
UK.

It is reasonable to theorize that a combined conjugate vac-
cine against Hib, MenC and MenY will be similarly effective
against the targeted diseases. The Hib-MenCY-TT vaccine
repolted in this article combines new antigens with an exist-
ing vaccine in the recommended US Pediatric Immunization
Schedule, and is thus designed to require no additional injec-
tion or offrce visit.
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Persistence and immune memory measured at a mean
of 11 months of age allowed evaluation of immune mem-
ory by unconjugated polysaccharides in stringent conditions
(considering that youngest children who are not primed by
conjugate do not respond to polysaccharide). Persistence
should be further evaluated when the candidate vaccine is
given according to a routine immunization schedule such as

24-6 months with booster at 12-15 months as in the US.
There are no licensed MenY vaccines for infants, so in

this study the MenY responses for the Hib-MenCY-TT com-
binations were compared with naive controls. The MenY
component conjugated to TT jn the novel Hib-MenCY-
TT vaccine induces functional bactericidal antibodies and

immune memory in primed subjects, and is therefore likely
to be protective against serogroup Y disease.

'We observed that the significantly higher rSBA-MenC
titres after 'vaccination with the licensed MenC vaccine
(MenjugaterM) did not translate to a higher proportion of
subjects with rSBA-MenC levels of 1:8 or 1:128 either after
primary vaccination or at the time of the polysaccharide

challenge. On the contrary, significantly higher levels of
rSBA-MenC persistence were seen in some Hib-MenCY-TT
groups (2.5/515 and 5/10/10) that induced lower post-primary
rSBA-MenC titres compared to the licensed product. In addi-
tion, in the Hib-MenCY-TT 2.5/515 and 5/10/10 groups, a

higher proportion of subjects achieved rSBA-MenC titres
>1:128 after polysaccharide challenge than subjects who
received MenjugateTM. Although interference with TT con-
jugated polysaccharide vaccines has been shown [26], we did
not observe this in the current study with Hib-MenCY-TT.

All of the Hib-MenCY-TT combination vaccines tested
contained lower amounts of PRP than currently licensed Hib
vaccines. The ability ofvaccines containing reduced amounts
of PRP-TT to induce priming and immune memory that is
equivalent to currently licensed products has now been well
documented both for monovalent and combined Hib vac-
cines containing reduced PRP-TT, although these studies
have either used DTPw for co-administration or in combina-
rionf2T ,281.In agreement with recent datal29l, we observed
Hib responses in the three Hib-MenCY-TT groups containing
reduced PRP concentrations (2.5 or 5 pg) that were compa-
rable to those induced by the licensed Hib control vaccine
(ActHIBrM) containing l0 pg of PRP. The tetanus-toxoid
canier protein used to conjugate the two meningococcal
components of the vaccine may also have enhanced the
immunogenicity to the Hib vaccine as shown previously
when such vaccines were co-administered simultaneously
but at separate injection sites [30-32]. A significantly higher
response was seen in the Hib-MenCY-TT 2.5/5 /5 and5/10/10
groups compared wíth ActHIBrM, both in terms of the pro-
portion of subjects who reached the 1.0 pg/ml cut-off and

antibody GMCs after the polysaccharide challenge.
As for the MenC responses, the Hib responses demon-

strate that the use of TT as a carrier did not lead to immune
interference, in contrast to published studies with a multiva-
lent pneumococcal TT based experimental conjugate vaccine

126,331, and appeared to lead to an enhanced response. Impor-
tant parameters to be considered are the total content of
TT, the number of conjugates using TT (in our case we are

utilizing Hib-TT, MenC-TT and MenY-TT), the vaccine for-
mulation including such factors as the use of adsorption and

the co-administered DTPa or DTPw vaccine. New vaccine
compositions/formulations such as Hib-MenCY-TT with the
appropriate DTPa/Pw co-administrations and schedules need

to be evaluated to ensure feasibility.
It is likely that a bivalent CY-vaccine is needed in the US

for infants to achieve similar meningococcal disease reduc-

tion rates as those seen in the UK, Australia, and elsewhere
following the introduction of serogroup C monovalent vac-
cines. The results presented in this study suggest that MenC
and MenY conjugated to TT can be successfully combined
with Hib conjugate vaccine containing a reduced amount of
PRP without compromise in the immune response or reac-

togenicity profile of any component, and thereby avoiding
additional injections in the already crowded US Pediatric
Immunization Schedule. Results of this study also suggest
that the Hib-MenCY-TT 2.515/5 vaccine can be administered
in a 24-6-month schedule with other recommended vac-
cines, without immune interference, and is well tolerated.
Subjects primed with the Hib-MenCY-TT 2.5/515 formula-
tion showed consistently higherrSBA and antibody responses

to MenC and PRP after polysaccharide challenge compared
to those primed with commercially available monovalent Hib
and MenC vaccines. In terms of the MenC response, sim-
ilar or better persistence from the primary response up to
the pre-booster timepoint was also observed. Results from a

study where subjects were primed at an accelerated sched-

ule (2-34 months of age) showed that the Hib-MenCY-TT
2.51515 was the only formulation that did not show any sta-

tistically significant difference in the percentage of subjects
with rSBA-MenC titers >7:128 compared to the Menjugate
control [34]. The MenY component of the novel investi-
gational vaccine is also immunogenic and induced robust
priming and immune memory responses. The safety profile
in the Hib-MenCY-TT groups was comparable to the control
groups.

The combined Hib-MenCY-TI 2.51515 vaccine is a novel
investigational vaccine for infants and toddlers in the US
designed to ofI'er protection against meningococcal disease

caused by serogroups C and Y and H. influenzae type b

disease.
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Chapter 2: New Respiratorv Virus Vaccines

Respiratory viruses are the commonest cause of hospitalisation in children in Australia. Prevention by

vaccination would result in a vast reduction in the number of paediatric admissions and health care costs

associated with these ubiquitous infections. lnfluenza virus kills half a million people worldwide and 2,500

in Australia, annually. Over the past few centuries it has been associated with pandemics during which

millions of people perished. Vaccines are available to prevent this infection, however require new

components each year because of the chameleon nature of the virus. Constant genetic changes in

influenza viruses mean that the vaccines'virus composition must be adjusted annually to include the most

recent circulating influenza A(H3N2), A(H1N1) and influenza B viruses. During the past decades injectable,

inactivated subunit vaccines have been used to induce systemic immunity to prevent influenza infection.

However, alternative strategies have been identified which may offer several advantages over non-

replicating vaccines. lntranasal administration of a live attenuated vaccine can induce both mucosal and

systemic immunity and theoretically provide protection against both upper and lower respiratory tract

infections,

Respiratory syncytial virus (RSV) is the major respiratory pathogen of young children and the major cause

of lower respiratory tract infections (LRTI) in infants. Parainfluenza virus type 3 (PlV3) is a common cause

of croup and LRTIs in children. ldeally, prevention of these respiratory infections with a combination

vaccine given to infants would reduce the significant burden of disease in both developed and developing

countries.

RSV subunit experimental vaccines have been developed and tested in clinical trials. Variability in antibody

response to different RSV subunit vaccines and the likely requirement for annual vaccination based on

waning immunity in the first year post vaccination, suggests application of the vaccine will be limited,

lntranasally administered, live attenuated vaccines may offer some advantages over subunit vaccines

particularly for RSV-naTve infants and young children. As discussed above live attenuated vaccines

administered intranasally are likely to confer both mucosal and systemic immunity, preventing both upper

and lower respiratory tract infections.

28



Live attenuated intranasal influenza vaccine

5. Nolan T, Bernstein D, Block S, Hilty M, Keyserling H, Marchant C, Marshall H, Richmond P, Yogev R,

Cordova J, Cho l, Mendelman P and for the LAIV Study Group. Safety and lmmunogenicity of Concurrent

Live Attenuated lnfluenza Vaccine With Measles-Mumps-Rubella and Varicella Vaccines in lnfants 12 to 15

Months of Age. Pediatrics. 2008;121:508-516.

Live attenuated influenza vaccines (LAIV) have been developed and trialled in young children and shown to

be immunogenic and safe. However, live vaccines can potentially affect the immune response to other live

attenuated vaccines. MMR vaccine may intedere with the response to varicella vaccine if varicella vaccine

is given in the first few weeks after MMR vaccine is administered. For this reason it is recommended that

the two vaccines be given at the same immunisation encounter or four weeks apart. However, concomitant

administration of live vaccines can also produce interference; concomitant administration of two live oral

vaccines (polio vaccine and rotavirus vaccine) has been associated with a 40% reduction in sero-response

rates to the live oral rotavirus vaccine, For this reason, it is important to establish the safety and

immunogenicity of concomitantly administered investigational live virus vaccines.

ln Paper 5 the safety, tolerability, and immunogenicity of a LAIV administered concurrently with MMR

vaccine and varicella vaccine to healthy children 12 to 15 months of age were established. This

multicentre, multi-country study showed that concomitant administration of live vaccines (MMR, varicella

and LAIV) to children 12lo 15 months of age did not significantly affect the sero-response rates for MMR

and varicella vaccines with simultaneous administration of LAIV. Strain specific seroconversion rates for

each of the 3 LAIV vaccine strains were not altered by concomitant administration of MMR and varicella

vaccines, ln addition, concurrent administration of MMR vaccine, varicella vaccine, and intranasally

administered LAIV was generally well tolerated. The study results confirmed that LAIV can be administered

concomitantly to young children with MMR and varicella vaccines in routine clinical practice with no

diminution of immunogenicity or safety. This is important because LAIV offers the potential benefits to

young children of a broad immune response that includes both systemic and mucosal antibody responses

and cellular immune responses, protection against strains that have antigenically "drifted" from the vaccine

strains (as shown in previous studies) and LAV can be delivered without a needle.
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The study results were presented at the Pediatric Academic Societies' Annual Meeting, 29 April - 2 May

2006, San Francisco, California. This vaccine, registered as "FluMist" is now licensed in the US with an

expected filing for licensing in Australia within the next '12 months.

Live. Attenuated Parainfluenza Virus Vaccine

6. Belshe RB, Newman FK, Tsai TF, Karron RA, Reisinger K, Robefton D, Marshall H, Schwartz R, King

J, Henderson FW, Rodriguez W, Severs JM, Wright PF, Keyserling H, Weinberg GA, Bromberg K, Loh R,

Sly P, Mclntyre P, Ziegler JB, Hackell J, Deatly A, Georgiu A, Paschalis M, Wu SL, Tatem JM, Murphy B,

Anderson E. Phase 2 Evaluation of Parainfluenza Type 3 Cold Passage Mutant 45 Live Attenuated Vaccine

in Healthy Children 6-18 Months Old. Journal of lnfectious Diseases, 2004;189:462-470.

Human parainfluenza viruses are important causes of serious respiratory tract diseases in infants and

young children under five years of age. PIV is an impofiant cause of or co-factor in acute otitis media

(AOM) in children. Type 3 PIV is of particular significance in that, in addition to causing croup and

bronchitis, it ranks second only to RSV as a cause of bronchiolitis and pneumonia in infants less than 6

months of age. The virus causes severe disease throughout the first two years of life, and viftually all

children have experienced primary PlV3 infections by three to four years of age, Overall, PlV3 is

considered responsible for about 11o/o ol hospitalisations for paediatric respiratory disease,

Past attempts to develop inactivated PlV3 vaccines showed that protection against disease was not

induced, despite the development of serum antibodies after vaccination. Protection against PlV3 in humans

is more likely to be achieved by the induction of both mucosal and humoral immunity. Protective mucosal

and circulating antibodies should be induced most efficiently by delivery of a live attenuated virus vaccine to

the mucosa of the respiratory tract,

The live attenuated virus vaccine evaluated in the study outlined in Paper 6, was derived from human wild-

type PlV3 that was originally isolated from a child with a febrile respiratory illness. Several attenuated

mutants of this strain were derived by passaging the virus numerous times in primary monkey kidney cells

at sequentially lower temperatures that are suboptimal for PlV3 replication.
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ln previous Phase I studies PlV3-cp45 was generally welltolerated by all cohorts, with the exception that, in

the seronegative cohort, otitis media was observed in 3 of 32 vaccine recipients and in none of 14 placebo

recipients. lnterpretation of the significance of this finding is uncertain because of the frequent acquisition

of other intercurrent viral infections during the study period. The overall rates of upper respiratory tract

infection (URTI) were very similar in the vaccine and placebo groups, We therefore undeftook a Phase 2

study of PlV3-cp45 vaccine, administered intranasally to children 6-18 months to compare the safety

profile of infants who received vaccine with that of placebo recipients and to assess the safety and

immunogenicity of the vaccine. This Phase 2 study was therefore, specifically undertaken to assess the

frequency of common signs and symptoms of acute otitis media and to obtain more precise estimates of

the frequency of signs and symptoms of URTI that might be caused by vaccine virus replication,

Our results showed no difference in the incidence of adverse events (rhinorrhoea, cough or fever) between

vaccine and placebo recipients. There was no increase in rhinorrhoea following vaccination with the PlV3-

cp45 vaccine suggesting the vaccine is highly attenuated.

PlV3-cp45 vaccine was shown to be immunogenic, as seen in previous Phase I studies, with paired serum

samples showed 84% ol seronegative vaccine recipients developed a >4-fold increase in antibody titres.

Amongst the seropositive subjects, the prevaccination titre did not increase after vaccination.

The results of this study suggest that this PlV3 vaccine should be evaluated for effectiveness in the

prevention of respiratory illness and AOM in children.

I presented the results of this study at the 8tt' National Public Health Association of Australia lmmunisation

Conference in Melbourne, Victoria, Australia, May 16-17, 2002.

Live attenuated combination respiratorv svncvtial virus and parainfluenza virus tvpe 3 vaccine

7. Belshe RB, Newman FK, Anderson EL, Wright PF, Karron RA, Tollefson S, Henderson FW, Meissner C,

Madhi S, Robefton D, Marshall H, Loh R, Sly P, Murphy B, Tatem JM, Randolph V, Hackell J, Gruber W,

Tsai TF. Evaluation of Combined Live, Attenuated Respiratory Syncytial Virus and Parainfluenza 3 Virus

Vaccines in lnfants and Young Children. Journal of lnfectious Diseases. 2004;190:2096-2103,
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Providing protection against a range of respiratory pathogens with one vaccine given intranasally would be

of enormous convenience and benefit in reducing the burden of respiratory disease in children and adults,

Experimental live attenuated respiratory virus vaccines being developed include different combinations of

RSV, PlV3 and human metapneumovirus (hMPV), a recently discovered virus causing clinical symptoms

similar to RSV infection,

Paper 7 describes the results of a study conducted to evaluate the safety, viral replication and

immunogenicity of a live attenuated combination RSV-P|V3 vaccine in doubly seronegative (RSV, PlV3)

children age 6-18 months of age. The objectives of this study were to describe the infection rate,

magnitude, and duration of shedding of RSV and PlV3 after one dose of a combined RSV-P|V3 vaccine

administered by intranasal delivery, to determine the safety of a combined RSV/PIV3 vaccine, to determine

whether interference occurs when RSV and PlV3 are administered simultaneously, and to describe the

antibody response as measured in serum and nasal wash specimens. The bivalent RSV-P|V3 vaccine,

monovalent RSV vaccine, and monovalent PlV3 vaccine were compared in this multi-centre, international

study,

The results of this study showed the majority of children in the bivalent vaccine group responded

immunologically to both the RSV and the PlV3 vaccine component. However the study demonstrated very

modest immunological interference by RSV with the PlV3 component in the bivalent group when compared

to the response in the monovalent RSV and PlV3 groups, As a proof of principle study, the safety of the

combined RSV-P|V3 vaccine could not be differentiated from those of either monovalent vaccine or

placebo. Although no statistically significant differences were observed, it was noted that clinical cases of

AOM occurred with increased frequency in the RSV and RSV/PIV3 groups, Confirmation of the significance

of this observation will require a larger study due to the small sample size of this Phase I study and the high

frequency of intercurrent virus infections in this young age group,

Genetic stability was confirmed in that the vaccine viruses retained lheu temperature sensitive phenotype

despite multiple cycles of replication in young seronegative children. The multiple genetic changes

introduced into this PlV3 and RSV vaccine provide a good means of safety to ensure that viruses with

virulent phenotype will not emerge during replication in children.
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Since the study was completed, significant progress has been made towards further attenuation of the RSV

component, due to the safety concern (otitis media) identified in this study. A suitable RSV vaccine with

greater attenuation is required, to be combined with PlV3 vaccine and evaluated for safety, infectivity, and

efficacy of each component, The RSV component in this study interfered with PlV3, but not the reverse,

suggesting that further attenuated derivatives might not interfere or intedere to a lesser degree and

therefore work well in combination with PlV3.

I presented the study results at the $n National Public Health Association of Australia lmmunisation / 1't

Asia Pacific Vaccine Preventable Diseases Conference in Cairns, Queensland, Australia, August 19 - 20,

2004.
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t-Ftnn ADVISoRy coMMITTEE on hnmunization Practices
I currently recommends that healthy children receive
)25 vaccine doses during their first 2 years to prevent
infections, including influenza.r This schedule frequently
necessitates concurrent administration of vaccines.

Although seroresponse rates and adverse reactions
after administration of combinations of live attenuated
vaccines are similar to those observed with separate
administration,2 immunogenicity, safety, and lack of in-
terference with concurrent administration of multiple
live vaccines must be established. Because of this theo-
retical risk, the Centers for Disease Control and Preven-
tion recommends that live vaccines that are not admin-
istered concurrently be administered at intervals of )4
weeks.2 Currently recommended vaccines for infants
and young children that use live attenuated viruses as

the immunogens include measles, rnumps, rubella,
varicella (frequently given as a combined product),
and rotavirus vaccines.

Live attenuated influenza vaccine (LAIV, FluMist;
Medlmmune, Gaithersburg, MD) is currently approved
for healthy children >2 years of age. Several studies
have established that the frozen LAIV (and the recently
licensed, refrigerator-stable formulation, referred to as

cold-adapted influenza vaccine, trivalent) is immuno-
genic, efficacious, and well tolerated in young chil-
dren.r-e It is important to demonstrate that concurrent
administration of LAIV does not adversely affect the
immune response to LAIV or other pediatric live vac-
cines. The objective of this study was to evaluate the
safety, tolerability, and immunogenicity of concurrent
administration of LAIV with measles-mumps-rubella
(MMR) and varicella vaccines in healthy infants 12 fo l5
months of age.

METHODS

Study Design
This randomized, placebo-controlled trial was conducted
over 2 study seasons aL 44 sites in the United States and
3 sites in Australia. To avoid potentially confounding
factors in the interpretation of immune responses, chil-
dren were enrolled outside periods of peak influenza
activity in their respective regions. Study seasons in the
United States were May through October, 2001 and
2002, and those in Australia were November 2000
through May 200I and Novcmbcr 2001 through May
2002.

Eligible children were prospectively assigned ran-
domly, in a l:I:l ratio, to I of I groups, as follows:
MMR/varicella group, concurrent administration of
MMR vaccine, varicella vaccine, and intranasal placebo
treatment on day 0, followed by a single dose of LAIV on
days 42 and 72; MMR/varicella/LAIV group, concurrent
administration of MMR, varicella, and LAIV vaccines on
day 0, followed by a second dose of LAIV on day 42 and
intranasal placebo treatment on day 72; LAIY group, a

single dose of LAIV on days 0 and 42, followed by
concurrent dosing with MMR and varicella vaccines on
day 72. Randomization was stratifled according to sea-
son and site by using a block size of 6 and was achieved

with a predefined randomization schedule that assigned
a treatment group to each unique participant number.
Each participant was assigned a unique participant num-
ber that was maintained throughout the trial. The MMR/
varicella and MMR/varicella/LAIV groups were double-
blinded with respect to treatment for the duration oÏ the
study. Because no injectable placebo treatments were
used, treatment assignment to the LAIV group was un-
blinded after randomization.

The study was conducted in accordance with the Dec-
laration of Helsinki, the US Code of Federal Regulations
governing the protection of httman subjects, and the
International Conference on Harmonisation Guidance
for Good Clinical Practice. The study protocol and in-
formed consent documents were approved by the insti-
tutional review board or independent ethics committee
of each site. Written informed consent was obtained
from each subject's parent or legal guardian.

Study Participants
Eligible subjects were children 12 to l5 months of age

who were in good health (determined by medical history
and physical examination) and up to date with the pri-
mary series of recommended vaccines (according to
standard clinic practice and local vaccine availability).
Exclusion criteria included previous vaccination against
or diagnoses of measles, mumps, rubella, or varicella;
hypersensitivity to egg, egg protein, or any component
of the study vaccines or placebo treatment; known or
suspected imrnunosuppression or immunosttppressed
household member; acute febrile (>100.0'F oral) illness
or clinically significant upper respiratory illness within
72 hours before enrollment; receipt of aspirin (acetylsali-

rylic acid) or aspirin-containing products in the month
before enrollment; receipt of any intranasally adminis-
tered medication within 2 weeks before enrollment; re-
ceipt of any live virus vaccine within I month before
enrollment through 30 days after the final visit; receipt
of any inactivated vaccine within 2 weeks before enroll-
ment through 30 days after the final visit; receipt of any
blood product within 3 months before vaccination; and
history of >2 episodes of medically attended wheezing
or medically attended wheezing illness or bronchodilator
medication use within 4 weeks before enrollment.

Vaccines
LAIV vaccine (Medlmmune Vaccines, Mountain View,
CA) was supplied in intranasal sprayers with a total
volume of 0.5 mL, containing allantoic fluid stabilized
with sucrose/phosphate/glutamate and -107 median
tissue culture infectious doses of each of the f attenuated
vaccine strains grown in pathogen-free chicken eggs,

that is, A/New Caledonia/2Ol99 (HlNl), A/Sydney/
05/97 (H3N2), and B/Yamanashil166190. Vaccine was
stored frozen at - I 5oC or below until just before intra-
nasal administration (-0.25 mL into each nostril). Ex-
cipient placebo was supplied in intranasal sprayers with
a total volume of 0.5 mL, containing allantoic fluid from
pathogen-free eggs, stabilized with sucrose/phosphate/
glutamate. MMR vaccine (M-M-RII; Merck, Whitehouse
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Station, NJ) and varicella virus vaccine (Varivax; Merck)
were supplied as single-dose vials of lyophilized vac-
cine.lo,rr

Study Evaluations
The primary objective was to compale the imrnune re-
sponses to measles, rnumps, rubella, and varicella anti-
gens in the MMR/varicella/LAIV and MMR/varicella
groups and to compare the immune respollses to the 3

strains of influenza (A/HlNl, A/H3N2, and B) in the
MMR/varicella/LAlV and LAIV groups. Serun sarnples
were obtained before vaccination on day 0 and on day
42 (1or MMR and varicella vaccine responses) and day
72 (1or LAIV responses).

Immunogenicity to lÌlumps, rneasles, rubella, and
varicella antigens was assessed and validated by Merck
Research Laboratories (West Point, PA), using antigen-
specific enzyme-linked immunosorbent assays to detect
serurn antiboCy (imrnunogÌobulin G), befcre and after
vaccination with MMR and varicella vaccines. Serore-
sponse criteria for measles, rnlrmps, rubella, and vari-
celìa assays were predefined as >255 mIU/rnL, >10
mulrps antibody units per mL, >10 IU/nL, and >5
glycoprotein enzyrne-linked immunosorbent assay units
per mL, respectively.

Immunogenicity to influenza viruses was evaluated at
Medlmmune through measurement of serum hemag-
glutination-inhibiting (HAI) titers to each of the strains
contained in the vaccine, using standard assay proce-
dures.r2 The HAI titer was deflned as the reciprocal of the
highest dilution of the test serurì that inhibited hemag-
glutination compietely. A titer of <4 was assigned to
serum samples for which no inhibition could be de-
tected, even at the lowest dilution tested (l:4 dilution).
A fourfold or greater difference in titer between 2 serum
samples was considered significant.t3

A secondary objective of this study was to evaluate
the safety and tolerability of conclrrrent administration
of LAIV with MMR and varicella vaccines. An adverse
event (AE) was defined as any unfavorable and unin-
tended sign, syrnptonr, disease, or worsening of a pre-
existing condition associated ten-rporally with vaccine
administration. Reactogenicity events (REs) were pre-
defined solicited AEs occurring after study vaccination,
including injection site reactions and fever (>100.6"F
rectal or aural, >100.OoF oral, or )99.6'F axillary). Se-
rious AEs were defined as AEs that resulted in death,
were life-threatening, required hospitalization or pro-
longed existing hospitalization, resulted in a persistent
or signiflcant disability, or required medicaì interven-
tion to prevent one of these outcomes. To conduct the
key safety comparisons between the MMR/varicella
and MMR/varicella/LAlV groups (whether LAIV vac-
cine potentiated AEs associated with MMR/varicella
vaccines), AEs and REs were recorded for 42 days after
concomitant vaccination. To evaluate whether MMR/
varicella vaccines potentiated REs associated with
LAIV vaccine (MMR/varicella/LAIV versus LAIV alone),
REs were recorded for l0 days after intranasal vaccina-
tion alone. Significant new medical conditions and serr-
ous AEs were recorded for 6 lnonths after vaccination.

REs, AEs, concomitant medicatiou use, and health care
provider visits were recorded daily by parents or guardiatrs
on assessment worksheets. Parents or guardians oï children
in the MMR/varicella and MMR/varicella/LAIV groups
also recorded the presence and size of injcction site reac-
tions. Study staff members contacted parents or guardians
by telephone to coìlect information regarding AEs, REs,
ancl significant new medical conditions, -3, 14,28, and.42
days after corìcurrent adrninistration of MMR/varicella
vaccines and LAIV or placebo and 3 and l0 days after
adn-rinistration of LAIV or placebo alone.

Statistieal Analyses
A sample size of 300 evaluable subjects per treattnent
group was required to provide overall power o1 94"/o to
dernonstrate equivalent irnmune respollses betwccn the
treatrnent groups and to provide >88'/" power to de-
crease the prcbability cf an increase of >1096 in the
incidence of REs. The imrnunogenicity population in-
cluded children who received all scheduled treatments,
and data were analyzed accordiug to treattnetìt received.
The safety population included children with any RE or
AE data for the visit/dose-speciflc safety evaluation pe-
riod. Data lor subjects in the safety population were
analyzed according to treatrnent received. The primary
end points were to demonstrate equivalent immunoge-
nicity of MMR vaccit-re and varicella vaccine after con-
current administration with intranasally administered
LAIV or placebo and to demoustrate equivalenl immn-
nogenicity of intranasally administered LAIV adminis-
tered alone or concurrently with MMR and varicella
vaccines.

Equivalent iutrnunogenicity of MMR and varicella
vaccines with or without LAIV was evaluated by deter-
mining postvaccination seroresponse rates for measles,
mumps, rubella, and varicella antigens in baseline sero-
negative children in the MMR/varicella/LAIV groltp,
compared with those in the MMR/varicella group, and
by cornparing postvaccination geometric mean titers
(GMTs) for rneasles, muÌnps, rubella, and varicella anti-
gens in children in the MMR/varicella/LAlV group with
GMTs for those in the MMR/varicella group regardless of
baseline antibody titers. The definitions for seroresponse
and for baseline seronegativity for measles, rrtumps, ru-
bella, and varicella antigens are presented in Table l In the
immunogenicity analysis, equivalent seroresponse was
achieved if the lower limit of the 2-sided exacr 9570 con-
fidence interval (CI) for the rate difference (MMR/
varicella/LAIV minus MMR/varicella) was greater than
-5 percentage points for measles, mumps, and rubella
and greater than -10 percentage points for varicella.
Equivalence based on the ratio of GMTs (MMR/
varicelìa/LAIV GMT/MMR/varicella GMT) was achieved
if the lower limit of the 2-sided 95"/" CI for the rario was
>0.5.

Equivalent irnmunogenicity of LAIV administered
alone or concurrently with MMR/varicella vaccines
was evaluated by deterrnining postvaccination (dose 2)
seroconversion rates for each of the vaccine strains
arnong baseline seronegative chilclren who received
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TABLE 1 Pa¡ameters for Measles, Mumps, Rubella, Varicella, and lnfluenza Assays

Antigen Units LoD Value Reported

lf Below LoD

Value Used for Baseline Seronegative

GMT lf Defin¡tion

Below LoD

Seroresponse Criteria

Measles mlU/ml 120

Mumps Mumps antibody units per mL 10

Rubella lU/mL 10

Varicella Glycoprotein ELISA unìts per mL oD cutoff point

Alì influenza strains Reciprocal of HAI titer 4

< 120

<10
<10
<06
<4

60

5

5

0.3

2

<255
<10
<10
<1.25
<4

>255
>10
>10
>5

>4-fold increase from baseline

ELI5A indicates enzymelinked immunosorbent assay; LoD, limit ofdetection; OD, optlcal density

MMR/varicella/LAIV vaccines. compared with those
who received LAIV, and postvaccination (dose 2) GMTs
for each of the vaccine strains among children who
received MMR/varicella/LAIV vaccines, compared with
those who received LAIV, regardless of baseline sero-
status. The definitions for seroconversion and for base-
line seronegativity for influenza strains are presented in
Table l Equivalent seroconversion was achieved iÎ the
lower limit of the 2-sided 95"/" CI for the rate difference
(MMR/varicella/LAIV minus LAIV) was greater than
-10 percentage points for all strains. GMTs were con-
sidered equivalent if the lower limit of the 2-sided 95%
CI for the ratio (MMR/varicella/LAIV GMT/LAIV GMT)
was )0.5.

CIs for differences in seroresponse/seroconversion
rates were constructed by using the method described by
Miettinen and Nurminen.ra CIs for all GMTs were based
on the percentile-based bootstrap technique and in-
cluded stratification according to season (1, 2) and con-
tinent (Australia or North America), to control for po-
tential previous exposure to the antigens under study
that might vary according 1o these factors.

Incidence rates of REs were analyzed with 2-sided,
exact, unconditional, 90% CIs for the rate difference.t5
No formal statistical cornparisons were performed for
other AEs. All immunogenicity sumrnaries and statistical
analyses were performed with SAS 8 (SAS Institute,
Cary, NC).

RESUTTS

Study Participants
Of 125l children assigned randomly, 1245 were evalu-
able for safety and immunogenicity, including 4l I in the
MMR/varicella group, 422 ir the MMR/valicella/LAIV
group, and 412 in the LAIV group. All treatment groups
were well matched with regard fo age, gender, and
ethnicity (Table 2). Data lrom I study site (n : 6) were
excluded from the analysis because the documentation
of data did not meet good clinical practices standards.

A total of 104ó children (84.0%) completed the
study. Subject disposition is presented in Fig l. Ninety-
eight subjects (7.9"/"1 across the 3 treatment groups
failed to meet continuing eligibility criteria and were
withdrawn from the study. Of these, 49 children (50%;
MMR/varicella/LAIV: 24; LAIY: 25) were withdrawn
because of a local measles outbreak and subsequent
unblinding of participants at I site; as specified in the
study protocol, children who received MMR/varicella/

LAIV vaccines or LAIV alone were offered open-label,
measles-containing vaccine. Other reasons for failure to
meet continuing eligibility criteria included history of
>2 wheezing illnesses (n : lI), vaccine administered
outside the dosing window (n: )), varicella infection (n
: 3), receipt of other vaccine (n : 7), randomization
error (r? : 8l , egg allergy (n : 2), wheezing or broncho-
dilator use within 4 weeks (n : 14), and use of a product
containing salicylate (n: 2'¡.

For the evaluation of immunogenicity, 8 subjects as-

signed randomly to the LAIV group received the treat-
ment regimen for the MMR/varicella/LAIV group and
were summarized as MMR/varicella/LAIV subjects. The
immunogenicity population therefore consisted of 4ll
subjects in the MMR/varicella group, 430 subjects in the
MMR/varicella/LAIV group, and 404 subjects in the
LAIV group.

lmmunogenicity
More than 90"/" of evaluated subjects in the MMR/
varicella/LAIV and MMR/varicella groups were seroneS-
ative for measles, mumps, rubella, and varicella antigens
at baseline. Equivalent seroresponse rates were demon-
strated in baseline seronegative subjects for MMR and
varicella vaccines, with and without concomitant LAIV
administration (Table 3). Antigen-specific GMTs for
MMR and varicella with and without concurrent LAIV
administration and lor the MMR/varicella and MMR/
varicella/LAIV groups were within the equivalence cri-
teria. The postvaccination rubella GMT was higher in the
MMR/varicella group than in the MMR/varicella/LAIV
group, but both exceeded the seropositive threshold of

TABLE2 DemographicCharacteristics

MMR/Varicella
(n : 4'11)

MMR/Varicella/LAIV
(n: 422)

LAIV

(¡ : 412)

Age, mo

Mean + SD

Median (range)

Male gender, n (%)

Race/ethnicity, n (%)

White

Black

Asian/Pacific

lslander

Hispanic

Other

12.8 + 0.7

12.6 (12 O-]5 9)

214 (s2.1)

33s (81 s)

1e (4.6)

7 (17)

33 (B o)

17 (41)

127 + 0.6

126(120-157)
214 (s0.7)

346 (82 0)

74 (s7)

3(07)

128 + 0.7

126(120-160)
1e4 (47 1)

339 (82 3)

16 (3.e)

4 (1.0)

34 (8,3)

1e (4 6)

32(7 6)

17 (40)
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LAIV only
n = 412 (33.1çk)

MMR/VAR + L,AIV
n = 422 (33.9o/o)

MMRtuAR only
n = 41'! (33,0%)

Subjecls evaluâble
n = 1245

Ëicludêd bsceusê of s¡te
norloonpliarìo€: n = 6 {0.5%)

Subjects randomly assigned
IV e 12SI

Completêd MMR/VAR
n = 362188.1o/ol

Qld-lca-!.cemplsts--a (36I "_, * -49*t1L91
AE e (f 8.4)

lnvesli0atordeÇision f (2.0)

VÖlÌ¡nlary wilhdra\rål 12 (24 5,

Lost to followup 14 (28.6)
Failed to rîeet continr¡ing

eligib¡lity crjteri8 13 (26.5)

Did not complele. n (%) ._ E3 (19.7)

AÈ 11 (13.3)

Volunlf,ry withdrawal tÐ (22.9)

Lost to follov,-up Ð (18.8)

SponsordÞcision f {1.2)
Fa¡led t0 meet continutng

Blig¡bil¡ty ôfiterfa 43 {5f-8)

Did nol compiete, n{c/,| 67 (16.3)

AË 7 (10 4)

Noncompliance 1 (1.5)

Volunlâry withdrawal 7 (10.41

Lost lo follow-Up I (13.4)

Spons0rdecisíon 1 (1.5)

Fs¡l€d lo rn6Bt conl¡nuhrg

elig¡b¡lity criterla 42 (62.7)

CompleÉed MMR/VAR + LAIV
n s 939 (80.3%l

Completed LAIV
r e 345 {83.7olo)

FIGURE I

cateqory VAR indicales varicella

l0 IU. In contrast, the postvaccination measles titer was
slightly higher in the MMR/varicella/LAIV group, com-
pared with the MMR/varicella group (95% CI: 1.04-
t.3e\.

Equivalent immunogenicity was also demonstrated
against the I influenza strains contained in the vaccine
(A/HlNl, A/H3N2. and B) alfet 2 doses of LAIV with

and without concurrent administration of MMR and
varicella vaccines in baseline seronegative subjects (Ta-
ble 4). Strain-specific seroconversion rates (more than
fourfold increase in HAI titer) in subjects who were
seronegative at baseline were similar in the MMR/vari-
celìa/LAIV and LAIV groups lor each of the influenza
strains. Strain-specific GMTs aïfer 2 doses of LAIV werc

TABLE 3 lmpact of Concurrent Administration of LAIV Vaccine on lmmunogenicity of MMR and Varicella Vaccines

Antigen Seroresponse Rates (Baseline Seronegative Subjecs)â GMT (All Subjects)

MM R/Varicella/LAlV,

n/N (o/"1

MMR/Varicella,

nlN (o/o)

Rate Difference (MMR/

Varicella/LAIV Minus

MMR/Varicella), Mean
(95% Cl)b

MMR/Varicella/

LAIV

MMR/Varicella

GMT

GMT Ratio (MMR//aricella/

LAIV to MMR/Varicella),

Mean (9570 Cl)'
nGMTn

l\4e¿sles

Mumps

Rubella

Varicella

320/330 (e7.0)

326/337 (96.7)

329/338 (97 3)

279/316 (883)

329/339 (97 1)

342/346 (e8.8)

340/349 (97 4)

263/318 (82.7)

-0.1 (-2.9to27)

-21 (-47 to0.1)

-0 1 (-28t026)
s 6 (0 1-11 2)

3M
347

344

347

2813 6

974
102.0

9,3

3388.4

822
726
98

350

351

351

352

1,21 (1.04-1 3e)

0 8s (0 74-0.96)

0 71 (0 63-0 B1 )

i 06(09s-i 1B)

units per mL

for varicella; all results mer the equiv¿lence criteria

'Computedwithlhepercentile-basedbootstraptechnique Equivalencecrilerlonwaslowerlimitforthe95%Cl of>05;¿ll resultsmettheequiv¿lencecriterion
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TABLE4 lmpact of Concurrent Administration of MMR and Varicella Vaccines on lmmunogenicity of 2 Doses of LAIV

Strain Seroconversion Rates for lnfluenza Vaccine Strains

(Baseli ne Seronegative Subjects)a

GMT for lnfluenza Vaccine Strains (All Subjects)

MMR/Varicella/

LAIV

LAIV GMT Rat¡o (MMR/Varicella/

LAIV to LAIV),

Mean (9570 Cl)'
MMR/r'aricella/LAlV,

nlN (o/o)

LAIV, nlN (o/o) Rate Difference (MMRI/

Varicella/LAIV Minus

LAIV), Mean (95% Cl)b nGMTn GMT

A/H1 Nl

A/H3N2

B

132/310 (42 6)

280/286 (97 .9)

30s/319(9s6)

139/318 (43 7)

294/299 (983\

302/328 (92.1)

-1 0(-87t067)
-0.4 (-3 0 to 2 0)

36(-02to7 5)

57
1029
205

58
1123

17 .7

o 98 (o 85-1,13)

0 92 (0 81 -1 04)

1 1ó (1 ,03-1 30)

339

338

JJÕ

334

334

334

a Seronegativity was defined as b¿seline serum HAI t¡ters of <4 for the given influenza strain

c Com puted w¡th the percentile b¿sed bootstrap technique Eq u ivalence c riterion was lower l¡mit for the 959/o Cl of > 0 5; a ll results met the equ¡v¿lence crilerion

also comparable between the MMR/varicella/LAIV and
LAIV groups.

Safety
AII vaccine regimens were generally well tolerated. Dur-
ing the 42 days after the first dose of LAIV or placebo
concurrent with MMR and varicella vaccines, only
runny nose/nasal congestion occurred significantly more
frequently among subjects who received LAIV, com-
pared with placebo (Table 5). Nearly one hall of all
children in the MMR/varicella/LAIV and MMR/varicella
groups experienced > I AE (47 "/" and 49o/", tespectively)
(Table 5). The most frequently reported AEs during the
42 days after concurrent vaccination with MMR/varicel-
la/LAIV vaccines or MMR/varicella vaccines were diar-
rhea (17"/" vs l5%) and otitis media (8% vs Il%).
Respiratory AEs occurred less frequently in the MMR/
varicella/LAIV group than in the MMR/varicella group,
with more than twice as many children in the MMR/
varicella group reporting wheezing (2.5%), compared
with the MMR/varicella/LAIV group (1.2%).

Irritability and fever were significantly more frequent
within I0 days after vaccination in subjects who re-
ceived LAIV concurrent with MMR and varicella vac-
cines than in subjects who received LAIV alone (Table
6). There were no significant differences in REs within
l0 days after the second dose of LAIV whether the first
dose was administered concurrent with MMR and vari-
cella vaccines or alone; > t AE was reported by 25"/" and
)2"/" of children, respectively, within l0 days after vac-
cination (Table 6). Respiratory events occurred less fre-
quently in thc MMR/varicclla/LAIV group than in thc
LAIV group (I.5% vs 4.1"/o, respectively). No AE was
reported with a frequency of >10%.

No deaths were reported during the study. Nine re-
ported serious AEs were considered to be possibìy re-
Iated to study vaccine. In the MMR/varicella group,
there were 2 cases of croup, I case of pneumonia, and I
case of bronchiolitis. In the MMR/varicella/LAlV group,
there was I case each of croup and bronchiolitis. In the
LAIV group, there was I case each of a viral chest infec-
tion, bronchiolitis, and bronchospasm. Nine children ex-
perienced 9 significant new medical conditions, includ-
ing asthma (l in the MMR/varicella group and 3 in the
LAIV group), speech delay (2 in the LAIV group), exces-
sive language delay (t in the MMR/varicella group),

cerebral palsy (t in the MMR/varicella/LAIV group), and
seizures (l in the LAIV group).

DtscusstoN
Influenza is associated with a significant excess of out-
patient visits, hospitalizations, and rare deaths among
young children each year.r6-20 Routine annual influenza
vaccination is now recommended for children between
the ages of 6 months and 59 months, adding multiple
vaccinations to the pediatric immunizafion schedule.2r

The Advisory Committee on Immunization Practices
recommends that injectable or nasally administered live
vaccines not administered on the same day should be
administered )4 weeks apart whenever possible, to
minimize the potential for interference.22 This recom-
mendation is supported by the observation that immu-
nization with a live measles vaccine can block the im-
mune responses to a live smallpox vaccine if the measles
vaccine is administered within l5 days after smallpox
vaccine dosing but not if the vaccines are administered
simultaneously, presumably because of the action of
interferon induced in response to the initial live virus
vaccine.2r,24 Similarly, administration of varicella vaccine
within 28 to 30 days after receipt of MMR vaccine, but
not simultaneous administration, has been associated
with an increased risk of breaktl-rrough varicella dis-
ease.25,26 However, concomitant administration of live
vaccines can produce interference; concomitant admin-
istration of 2 live oral vaccines (polio vaccine and rota-
virus vaccine) has been associated with a >40"/" reduc-
tion in seroresponse rates to a live oral rotavirus
vaccine.27,2s Because it is common practice for children to
receive several vaccines during the same office or clinic
visit, it is important to establish the safety and immuno-
genicity of concomitantly administered live virus vac-
clnes.

To date, limited data have been published on the
impact on other vaccines of concurrent administration of
either inactivated or live influenza virus vaccines, with
respect to the immune responses oT children or adults.
The flndings of the current study indicate equivalent
immunogenicity with concurrent administration of
MMR and varicella vaccines with LAIV, compared with
separate administration. Seroresponse rates and ratios of
antigen-specific antibody titers for measles, mltmps, ru-
bella, and varicella antigens present in the vaccines were
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TABLE 5 REs and AEs Reported Within 42 Days After Dose 1 of

MMR/t/aricella/LAIV or MMR/Varicella Vacc¡nes

TABLE6 REs and AEs Reported Within I0 DaysAfter Dose I of

MMR/Varicella/LAIV or LAIV Vaccines

n (o/o)

MMR//aricella/LAIV MMR/Varicella

n (o/o)

MMR/i/aricella/LAIV LAIV

REs

Evalua ble

Any RE

Coug h

Runny nose/nasal congestion

Sore throat

I rr¡ta bi l¡ly

Headache

Chills

Vomiting

Muscle aches

Decreased activity

Fever

>100'F oral or equivalent

> 102"F oral or equivalent

Any rash/injection site reaction

Varicella-like rash

Measles-like r¿sh

0ther/unknown rash

AEsb

Eval ua ble

Any AE

Body as a whole

lnfection

Fungal infection

Viral infection

Injection site bruise

Accidental injury

DìgestÌve system

Anorexia

Diarrhea

Gastroenterit¡s

Nervous system, sleep disorder

Respiratory system

BronchiolitÌs

Bronchitis

Croup

Epìstaxis

Pharyngitis

Sinusitis

S neezing

Wheezinq

5kin

Eczema

Rash

Special senses

Conjunctivitis

Ear infection,

u ndifferentiated

0titis media

Pain ear

REs

Evaluable

Any RE

Cough

Runny nose/nasal congestion

5ore throat

I rritability

Headache

Chills

Vomiting

Muscle aches

Decreased activity

Fever

> 1 00'F oral or equivalent

> 1 01'F oral or equivalent
> 1 02"F oral or equivalent

>103'F or¿l or equivalent

>,l04'F or¿l or equivalent

AEsb

Eva lua ble

Any AE

Body as a whole

lnjectlon site bruise

Accidental injury

Digestive system

Anorexia

Diarrhea

Nervous system

Insomnia

Sleep disorder

Respiratory system

Epistaxis

Sneezi ng

Wheezing

5kin, rash

5pecial senses

Conj u nctivltis

Ear infection, undifferentiated

0tit¡s media

s(r 2)

6 (1,5)

0(00)
e(23)6(r 5)

6(1 s)

7(t7)
s(12)

23 (s 6)

6(1 s)

s (t ,3)

10(2s)
r(03)

1e (4.8)

13 (3 2)

70 (11 1)

6(1 s)

e (22)

r s (3.8)

s9(1so)
4 (1,0)

5 (t ,3)

412 (9s 8)

38e (94 4)

211 (s1 2)

346 (84 o)"

62(150)
296 (71.8\

18 (4 4)

1s (3,6)

e7 (23 5)

11 (2.7)

t13 (27.4)

393 (9s 6)

366 (e3 r )

)04 (s1 9)
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be attributed in large part to receipt of MMR and varicella
vaccines, because an increased incidence of fever was re-
ported in previous studies of concurrent immunization
with MMR and varicella vaccines.r2,rr Of note, respiratory
AEs (including wheeze) were less frequent in the MMR/
varicella/LAlV group than in the MMR/varicella group in
¡he 42 days after vaccination.

coNctustoNs
Concomitant administration of live vaccines (MMR,
varicella, and LAIV vaccines) to children 12 to l5
months of age did not affect signiflcantly the serore-
sponse rates for MMR and varicella vaccines with simul-
taneous administration of LAIV. Strain-specific serocon-
version rates for each of the 3 LAIV vaccine strains were
not altered by concomitant administration of MMR and
varicella vaccines. Concurrent administration of MMR
vaccine, varicella vaccine, and intranasaìly administered
LAIV was generally well tolerated. These findings sug-
gest that LAIV can be administered concomitantly to
young children with MMR and varicella vaccines in
routine clinical practice with no diminution of immuno-
genicity or safety. This is important because LAIV offers
potential benefits to young children, such as a broad
immune response that includes both systemic and mu-
cosal antibody responses and cellular immune respons-
es,r4 protection against strains that are antigenically
"drifted" from the vaccine strains,4,r5-r8 and needle-free,
intranasal administration.
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A phase 2 evaluation of live attenuated parainflverrza tpe 3 (PIV3)-cold passage mutant a5 (cpas) vaccine

was conducted in 380 children 6-18 months old;226 children (59%) were seronegative for PIV3. Of the226
seronegative children, 114 received PIV3-cp45 vaccine, and lL2 received placebo. No significant difference in
the occurrence of adverse events (i.e., runny nose, cough, or temperature >38"C) was noted during the 14

days after vaccination. There was no difference between groups in the occurrence of acute otitis media or
serous otitis media, Paired serum samples were available for 109 of the seronegative vaccine recipients and
for 110 of the seronegative placebo recipients; 84o/o of seronegative vaccine recipients developed a >4-fold
increase in antibody titers. The geometric mean antibody titer after vaccination was l:25 in the vaccine group

and <1:4 in the placebo group. PIV3-cp45 vaccine was safe and immunogenic in seronegative children and

should be evaluated for efficacy in a phase 3 field trial.

Human parainfluenza viruses (PIVs) are important

causes of serious respiratory tract disease in infants and

young children. According to the US Institute of Med-
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icine,25o/o of children <5 years old experience a clin-

ically significant PIV infection annuall¡ and -2o/o of
PlV-infected infants will require hospitalization [1],
Four tlpes of PIV are associated with respiratory illness

in young infants and children. Of special significance
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is PIV type 3 (PIV3), which causes pneumonia and bronchiolitis
and ranks second only to respiratory sync¡ial virus (RSV) as

a cause of bronchiolitis and pneumonia in infants <6 months

old [2-a]. PIV3 can cause severe disease throughout the frrst

2 years of life, and virtually all children have experienced pri-
mary PIV3 infections by age 3-4 years. Overall, PIV3 is con-

sidered to be responsible for -llo/o of hospitalizations for pe-

diatric respiratory tract disease in the United States Il].
Past attempts to develop inactivated PIV3 vaccines showed

that resistance to disease was not induced, despite the devel-

opment of serum antibodies after vaccination [5]. Protection

against PIV3 in humans is most likely to be achieved by the

induction of both circulating and mucosal antibodies that are

active against the hemagglutinin-neuraminidase (HN) glyco-

protein (the attachment protein) and the fusion glycoprotein,

2 surface antigens that induce protective neutralizingantibodies

[6, 7]. Such protective mucosal and circulating antibodies

should be induced most efficiently by delivery of a live atten-

uated virus vaccine to the mucosa of the respiratory tract [8].
The live attenuated virus vaccine evaluated in the present

stud¡ lS strain, was derived from human wild-type PIV3 that

was originally isolated from a l-year-old child with a febrile

respiratory illness [9-1 I ]. Several attenuated mutants of the IS
strain were derived by passaging the virus numerous times in
primary monkey kidney cells at sequentially lower temperatures

that are suboptimal for PIV3 replication. After 12, 18, and 45

cold passages, mutants cpl2, cpl8, and cp45, respectivel¡ were

isolated and characterized. During the process of low-temper-

ature passage, each of the mutants acquired 3 phenotypic mark-

ers: colcl adaptation (ea; the ability to replicate efficiently in vitro
at the suboptimal temperature of 20"C), temperature sensitivity

(ts; restricted growth at 39'C in tissue culture), and attenuation,

manifested by restricted replication in hamsters and chimpan-

zees, compared with that of wild-type virus [9-12].
Phase I studies of PIV3-cp45 vaccine, which was produced

in fetal rhesus monkey lung (FRhL-2) tissue culture cells, have

been conducted in seropositive children 6 months to l0 years

old, seronegative infants 6-36 months old, and infants 1-2

months old [13, l4]. In general, the vaccine appeared to be

satisfactorily attenuated, infectious, immunogenic, and phe-

notypically stable. However, because PIV3-cp45 replicates to

modest titers on monolayer cultures of FRhL-2 cells, produc-

tion of vaccine virus in this cell line would be inefficient for
larger-scale manufacturing; thus, an easily scalable and cost-

effective production process for PIV3 that propagates the virus

in Vero cells grown on microcarrier beads in a bioreactor was

developed by Wyeth Vaccines Research (Pearl River, NY).

In phase 1 studies, PIV3-cp45 grown in Vero tissue culture

was generally well tolerated by all cohorts, with the exception

that, in the seronegative cohort, otitis media (OM) was ob-

served in 3 of 32 vaccine recipients and in none of 14 placebo

recipients [15]. Interpretation ofthe significance ofthis finding
was uncertain because of the frequent acquisition of other in-
tercurrent viral infections. The overall rates of upper respira-

tory-tract illness (URI) were very similar in the vaccine and

placebo groups, and PIV3 isolates recovered from these children

retained the ts phenotype [15]. Thus, as with PIV3-cp45 grown

in FRhL, the vaccine virus grown in Vero tissue culture appeared

to be satisfactorily attenuated, infectious, immunogenic, andphe-

not¡pically stable. We therefore undertook a phase 2 study of
PIV3-cp45 vaccine, to compare the safety profile of a dose of
105 pfu administered intranasally (inl) to children 6-18 months

old with that of placebo and to assess the immunogenicity of
the vaccine. The phase 2 study was suffrciently powered to eval-

uate the frequency of OM in vaccine and placebo groups,

SUBJECTS. MATERIALS, AND METHODS

Study design and vøccine. We enrolled -400 healthy sub-
jects 6-18 months old in a multicenter, double-blind, placebo-

controlled safety and immunogenicity trial. This sample size

was chosen to enroll -200 PlV-seronegative children. Eligible

subjects were assigned to receive the investigational study vac-

cine according to a randomization schedule generated by the

sponsor's statistician and provided in sealed randomization en-

velopes to study personnel at each site responsible for preparing

study vaccine for administration. Each subject was randomized

to receive either a single dose of PIV3-cp45 at I X 105 pfu or
placebo (PBS with sucrose, phosphate, and glutamate) inl as

nose drops instilled while the subject was supine. Randomi-
zation was a l: I ratio of vaccine to placebo.

Subjects. Study subjects were healthy children 6-18
months old, whose parents or guardians gave written, informed
consent. The human-experimentation guidelines of the US De-

partment of Health and Hnman Services and those of the au-

thors' institutions were followed in the conduct of this clinical

research. Each subject's history was reviewed, and a physical

examination was performed to veri$' that the health and de-

velopment of all subjects were normal. Subjects with any of
the following conditions or characteristics were excluded from
study enrollment or from continued participation: immuno-
suppression or taking immunosuppressive medication; serious

chronic illness; cardiac or respiratory illness, including those

with >l prior episode of wheezing (including illnesses diag-

nosed as asthma or reactive airway disease) confirmed by a

physician or subjects with pressure equalization tubes; members

of a household with a pregnant woman, an immunocompro-
mised individual, or an infant <6 months old; or attendance

at day care with infants <6 months old. Attendance at a day-

care facility in which children were separated by age was ac-

ceptable if the vaccine recipient did not spend any time in the

area designated for infants <6 months old and if conditions
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pertaining to any common area of the facility minimized op-

portunities for transmission of virus through direct physical

contact between children or by the aerosol route. Subjects with
self-limiting illnesses were included after the condition resolved

and if no other exclusion criteria were met. These exclusion

criteria included acute febrile illness (>38"C), acute OM (AOM),

receipt of short-term antibiotic therapy for acute illness, receipt

of any vaccine within the previous 2 weeks, receipt of any live

vaccine within the previous 4 weeks, or receipt of gamma glob-

ulin within the past 3 months. Infants born at <37 weeks of
gestation were deferred from study participation until theywere

at least I year old. Children did not receive other vaccines for

42 days after enrollment.

Procedures. Serum samples were obtained before inl vac-

cination, to determine prevaccination antibody levels. Subjects

received either the vaccine or the placebo by nose drops in a

volume of 0.25 ml/nostril, for a total dose of 0.5 mL. Vacci-

nations were administered between 28 October 1998 and 13

November 2000, and vaccinations were not given during winter,

to reduce intercurrent wild-type viral infection. The parents

were asked to keep track of any illness or symptoms on a parent

diary card each day for 14 days after vaccination; electronic

thermometers were provided, and parents were asked to obtain

daily oral, rectal, or axillary temperatures. Parents were asked

to record the child's temperature at bedtime daily for 14 days

after vaccination and whenever the child felt warm during the

42 ðays after vaccination. Children were seen by studyperson-

nel twice in the 2 weeks after vaccination (day 7 and 14, + 1

day). These brief visits (20-30 min each) allowed the study staff

to examine the child closely for any signs of a runny nose, sore

throat, fever (temperature >38'C), cough, respiratory illness,

or an ear infection. Study staff also contacted the parents by

telephone on days 21,28, anð 35 (+2 days), to inquire if the

child had experienced any symptoms of illness. Six weeks after

the first vaccination visit, all enrolled children returned to the

clinic for a brief physical examination, and a blood sample was

obtained to measure the child's antibody response to the

vaccination.

During the 42 days of the stud¡ a clinician was available 24

h/day to examine ill children. An examination was performed

if a child had a rectal temperature >38"C (or equivalent if oral

or axillary temperatures were taken), respiratory illness, or

symptoms suggestive of an ear infection. For all study sub-

jects, fever, URI (rhinorrhea or pharyngitis), cough, and lower

respiratory-tract illness (LRI) were defined as described else-

where [14]. During each illness, the child's ears were examined

for signs of an ear infection, and a nasal-wash sample was

obtained for viral culture to determine whether there was an

intercurrent viral infection. Otoscopy was performed at each

clinic visit at which the child was well. AOM was defined as

an inflamed, immobile tympanic membrane, with or without

bulging, observed by a physician or nurse practitioner and con-

firmed by tympanometry or a second observer. These findings

were noted independently of fever or other respiratory symp-

toms. An abnormal tympanogram alone was not considered to

be diagnostic of AOM. Serous OM was defined as all other

cases of OM not fitting the above strict criteria. All children

were examined at the end of the study: day 42 (range, 35-66

days) after vaccination. Serum samples from all subjects were

tested for antibodies to PIV3 (Washington/57 strain) by the

hemagglutination inhibition (HAI) antibody test [13], starting

at a serum dilution of 1:4; children with a titer of s1:8 were

considered to be seronegative. Vaccine virus shedding was not

routinely determined in the present stud¡ to avoid any con-

founding clinical findings that may be caused by the frequent

nasal-wash samples that are necessary to obtain samples for

viral cultures.

Statistics. The event of primary analysis was AOM in se-

ronegative subjects. It was estimated that -50% of the enrolled

subjects would be seronegative. This sample size was sufficient

to reject the hypothesis, with a power of 82o/o,That the rate of
OM in the vaccine group was >llolo higher (90% confrdence

interval, upper bound) than the rate of OM in the placebo

group, assuming that the placebo rate was 10ol0. For anaþis
of possible adverse reactions to vaccination (i.e., runny nose,

cough, or fever) Fisher's exact test P values were adjusted for
each symptom or sign or each day by Bonferroni's method.

Fisher's exact test was used to compare the occurrence of OM

in vaccine recipients and placebo recipients.

RESUTTS

Enrollment. Three hundred eighty children were enrolled in
the study and were given either PIV3-cp45 vaccine or placebo

inl. Of those 380 children, 226 (59o/o) were seronegative (an-

tibody to PIV3 <1:8 by HAI antibody test). Of the 226 se-

ronegative children, 114 received PIV3-cp45 vaccine, and ll2
received placebo. Three hundred seventy-two (97.9o/o) corn-

pleted the 42 days of study.

Signs anil symptoms of respiratory diseøse. Figure 1,4,, lB,

and lC illustrates, in the seronegative cohort, the daily fre-

quency of runny nose, cough, or fever during the 14 days in
which parents recorded symptoms on diary cards. There was

no statistically significant difference between groups in the fre-

quency ofrunny nose, cough, or fever on any day, In both the

vaccine and placebo groups, children selected on day 0 at time

0 for the absence of runny nose, cough, or fever experienced

an increase in these events during the frrst days of the study.

This is most dramatically seen for the occurrence of runny nose

(figure 1,4). Children with runny nose were excluded at entrþ

and, therefore, the occurrence of runny nose increased during

the study in both the placebo and the vaccine recipients; this
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Figure 1. 4, Percentage of parainfluenza virus 3 (PlV3)-seronegative children with Íunny nose on days 0-14 after intranasal (inl) vaccination with
PlV3-cold pa ssag e muta nt 45 lcp45) (hatched barsl or placebo (white barsl No statistica lly s ig n ifica nt diff ere nces between va ccine a nd p lace bo grou ps

occurred on any day (P>.05, Fisher's exact test with Bonferroni's conectìon). B Percentage of PlV3-seronegative chlldren with cough on days 0-14
after inl vaccination with PlV3-cp45 (hatched barsl or placebo (white bars). No statistically signifìcant differences between vaccine and placebo groups

occurred on any day {P>.05, Fisher's exact test with Bonferroni's correction) Ç Percentage of PlV3-seronegative children with fever (temperature

>38"C) on days 0-14 after inl vaccination with PlV3-cp45 (hatched barsl or placebo (white bars). No statistically significant differences between
vaccine and placebo groups occurred on any day (P>.05, Fisher's exact test with Bonferroni's correction).

Day

illustrates the phenomenon of return to the mean, whereb¡ on

any given day, -20o/o of young children have runny nose, as

seen in other similar studies [16]. A similar phenomenon was

observed for cough and fever, with baseline occurrence ofcough

in - l0o/o of the children after day 7, and the baseline occurrence

of fever in -30/o-60/o of children, depending on the day ob-

served. Among the seropositive children, the frequency of signs

and symptoms of respiratory illness (including runny nose,

cough, or fever) was rroi significanily differeni on any day (data

not shown). There was no difference in the frequency of chil-
dren with findings of LRI (9/189 in the vaccine group vs. 12l

191 in the placebo group; P: .65, Fisher's exact test).

Isolation of viruses during illness episodes. In the present

stud¡ nasal-wash samples were obtained only during illness

visits. A total of 19 vaccine virus isolates were recovered from
the nasal-wash samples of 77 (.9.0o/o) of 189 vaccine recipients

during these unschedule<l visits. The majority oí the isolates

(17 l19 189.5o/o] ) were recovered from seronegative subjects (ta-
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Study interval,

isolate phenotype
PlV3-cp45

ln = 114)

Placebo

ln: 112J

PlV3-cp45
(n = 189)

Placebo
(n = 191)

Table 1. lsolation of vaccine and w¡ld-type para¡nlluenza

virus 3 (PlV3) from subiects, by prevaccination serostatus and

study group.

Seronegative subjects All subjects

and rhinovirus were isolated from subjects enrolled in the pres-

ent study. With the exception of PIV3, the most commonly

recovered pathogens were RSV (2.60/o of vaccine recipients and

l.60/o of placebo recipients), adenovirus (1.1o/o of vaccine re-

cipients and 3.7o/o of placebo recipients), enterovirus (3.2o/o of
vaccine recipients and 2.lo/o of placebo recipients), and rhi-
novirus (l.lo/o of vaccine recipients and 2.lo/o of placebo re-

cipients). In general, these viruses were isolated from children

in both treatment groups throughout the entire study period,

with no temporal relationship to vaccination. Among the 9

(4.8%) vaccine recipients and 12 (6.30/o) placebo recipients who

had evidence of LRI, viruses were recovered from 3 vaccine

recipients (1 isolate each of PIV2, RSV and vaccine virus) and

from 5 placebo recipients (RSV PIV3 [wild type, in 2 subjects],

PIVI, and rhinovirus).

AOM, The occurrence of AOM among the seronegative

subjects and among all subjects is summarized in table 2. The

occurrence of AOM was common in both the vaccine recipients

and placebo recipients and was divided into that occurring

during the early postvaccination interval (days 1-l I, the period

of peak vaccine virus replication [13-15]), the interval when

most vaccine virus replication had waned to absent or low levels

(days 12-22), and the late postvaccination period, when the

Table 2. Subiects exper¡encing acute ot¡t¡s med¡a ¡n the

seronegative cohort and in all subjects. regardless of anti-
body status,

Group

Vaccine
group %

- placebo

group %Cohort, days PlV3-cp45 Placebo 90% cl"

Seronegativeb

Days 1-1 I

Vaccineli ke"

Wild type

Days 12-22

Vaccinelike

Wild type

Days >23

Vaccinelike

Wild type

Any day

Vaccinelike

Wild type

15

2

0

2

0

1

0

1

flb
1b

0

0

0

5

0

8

2

0

4

0

-7

0

2

16

3

17h

4b

NOTE. Data are no of subjects sheddrng the ind¡cated virus cp45,
Cold passage mutant 45.

' Temperature-sensitìve and cold-adapted phenotypes
b Three subjects who shed PlV3 (subject 1024 shed vaccine virus, sub-

ject 1829 shed wild-type virus, and subject 1828 shed both strains) were
placed in the "all" category because their pretreatment blood samples
were either unavailable (1829) or were obtained too many days before
vacc¡nat¡on to assure a seronegative status at time of vaccination.

ble 1). All vaccine isolates were recovered within the first 14

days after vaccination. Both vaccine and wild-type PIV3 was

detected in the nasal-wash sample of I subject during an illness

visit. Three subjects who shed PIV3 (l vaccine, I wild type,

and I both strains) were placed in the "all" category because

their pretreatment blood sample was either unavailable (n :
l) or was collected too long before vaccination (r :2) to

assure a seronegative status at time of vaccination.

To determine whether the higher proportion of vaccine iso-

lates recovered from seronegative subjects was due to this co-

hort's lack of preexisting antibody to PIV3 or to more-frequent

sampling of these subjects, nasal-wash sample collection rates

among seronegative and seropositive subjects were compared

and were found to be statistically similar (P> .90). Overall, 137

(60.60/o) of 226 seronegative subjects and95 (61.7o/o) of 154 se-

ropositive subjects enrolled in the study had at least I nasal-

wash sample obtained after vaccination. Within the first 1l days

after vaccination, the nasal-wash sample collection rates were

also similar between cohorts, with 7l (31.4o/o) of 226 seronegative

subjects and 42 (27.3o/o) of 154 seropositive subjects having at

least 1 nasal-wash sample obtained. Wild-tpe PIV3 was isolated

from 4 (2.1o/o) of 189 vaccine recipients and I (4.2o/o) of DI
placebo recipients in the study (P : .38, Fisher's exact test).

Children enrolled in the present study experienced inter-

current infections with respiratory pathogens other than PIV3.

PIVI, PIV2, RSV adenovirus, cytomegalovirus, enterovirus,

NOTE, Data are no (%) of subjects, except where noted PlV3-

cp45, parainfluenza virus 3-cold passage mutant 45

" The 2-sided confidence intervals (Cls) were calculated by use of
Starxact (Cytel). 90% Cls represent the 90% Cl for the percentage of
sublects ¡n the Plv3-cp45 vaccine group with acute ot¡tis media minus

the percentage of subjects ¡n the placebo group and, ìn each case, in-

cludes 0%. The denominator is the no of randomized subjects.
b ln the seronegative cohort, 114 subiects received PlV3-cp45, and

'1 
1 2 subjects received placebo

" ln the "all" cohort, 189 subjects received Plv3-cp45, and 191 sub-
jects received placebo.

1-1 1

12-22

23-42

142

All"

1-1 1

12-22

23-42

142

Any

51441

e(7e)

10 (8 8)

20 117 5\

21 {'18.41

10 (s 3)

16 (8 5)

20 (10 6)

38 (20.1)

39 (20 6)

7 (63)

8(7 1)

8(71)

17 115.21

18 (161)

10 (s 2)

13 (6.8)

12 (6,3)

26 (13 6)

27 114 1l

-1 I
0,8

16

24

01

1l
43

65

65

-96to55
-68to96
-6.0 to 10 7

-69to 130

-7 1 to 13.1

-52ro54
-4 2 to 7.7

-1 7 to 10 5

-081o140

-09to14 1
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viral cultures were generally negative for vaccine virus (days

23-42). There was no statistically significant difference between

groups in the frequency of AOM at any of these intervals nor
did the overall total number of AOM cases differ between

groups. The occurrence of all OM, defined as any evidence of
AOM or serous OM, is showr in table 3. There was no sig-

nificant difference between groups or among ail subjects in the

occurrence of all OM, regardless of serostatus,

Immunogenicity, Paired serum samples were available for
109 of the seronegative vaccine recipients ancl for 110 of the

seronegative placebo recipients. The antibody response to PIV3

is sumrnarized in flgure 2 and table 4. Eighty-six of the sero-

negative vaccine recipients (79%) developed >4-fold increase

in antibody titer or seroconversion fiom <l:8 to >l:16. After
vaccination, the geometric mean antibody titer was l:25 among

the vaccine recipients. In contrast, only 13 (\2o/o) of ll0 placebo

recipients had an antibody response after vaccination. These

l3 children likely had intercurrent natural infection with wild-
type PIV3, wliich w-as circulating in ihe commulity at ihe time

of the study. Postvaccination geometric mean titer was <l :4 in
the placebo recipients. Among the seropositive subjects, ple-
vaccine antibody titer was 1:50 and did not increase after vac-

cination (fr,grre28 and table 4).

DISCUSSION

Previous clinical trials have confirmed the viral-shedding pat-

tem, genetic stabilit¡ and immunogenicity of Vero tissue cul-

ture-produced PIV3-cp45 vaccine in adults, children, and in-
iants Ii5]. A single dose of 10u pfu ofPIV3-cp45 was evaluateci

in adults and seropositive children, single doses of l0a or lOs

pfu were evaluated in seronegative children, and 2 doses at 1-

or 3-month intervals were evaluated in infants 1-2 months old

[15]. Ninety-four percent of seronegative vaccinated children

and 94o/o of vaccinated infants were infected by the vaccine

virus after I dose. Signs and symptoms of mild respiratory

illness were common in both vaccine and placebo groups of
seronegative children and infants and occurred in up to one-

half of placebo recipients; OM was reported in 3 of 32 vaccí-

nated children. These and other similar phase I studies have

been effective screening studies to eliminate instrfficiently at-

tenuated or overly attenuated live attenuated vaccine candi-

dates, but phase I studies are limited in assessing with precision

the possible association of OM with vaccine because of study

size 115, 17]. The present phase 2 evaluation was specifically

undertaken to assess the frequency of common signs and symp-

toms of AOM and to obtain more-precise estimates of the

frequency of signs and symptoms of URI that might be causecl

by vaccine virus replication.

The occurrence of runny nose and fever increased in both

the vaccine ald placebo groups during the 7 days afLer vac-

Table 3. Subiects experiencing either acute otitis media or
serous ot¡tis media ¡n the seronegat¡ve cohort and ¡n all sub-

iects, regardless of antibody status.

Cohort, days PlV3-cp45 Placebo

Group

Vaccine
group a/o

placebo

group % 90% ct"

Seronegativeb

1 11

12-22

23 42

142

Any

Ail

1-1 1

12-22

23-42

1-42

Any

11 (9 6)

18 {15 8)

15 (13 2)

34 (29 8)

35 (30 7)

19 (101)

28 114 8l

'28 114 8)

56 {29 6)

tr7 l?n ?ì

12 110 1l

20 117 SJ

15 (134)

33 (29 5)

34 (30 4)

20 (10 5)

32 (16 8)

27 \14 1)

53 \27 1'l

54 \28 3)

-101 to

-122ro
-98to

-101 to

-10 2 to

-1 1

-2 1

-o2
04

03

04

19

ol
'1 I
'1 I

76

78

91

12?

122

-73to56
-97to49
-641o79
-64to 103

-6 5 to 10 4

NOTE. Data âre no (%) of subjects, except where noted Plv3-cp45,
parainfluenza virus 3-cold passage mutant 45

u The 2-s¡ded confidence intervals (Cls) were calculated by use of per
centage of subjects ¡n the placebo group and, in each case, includes 0%
The denominator is the no. of randomized subjects.

b ln the seronegative cohort, 1 1 4 subjects received PlV3-cp45, and 1 1 2
subjects received placebo.

' In the "all" cohort, 1 89 subjects received PlV3-cp45, ancl 191 subjects
received placebo

cination. Children who were selected for enrollment were afe-

brile and did not exhibit runny nose or cough. The diary card

information recorded by parents noted that, later on the day

oí vaccination, llo/o of chilciren who received vaccine and l3a/o

of children who received placebo exhibited runny nose. Cough
and fever were also present in some children on the day of
vaccination, but not more frequently in either group. On sub-

sequent days, the frequency of runny nose increased and peaked

on day I (34o/o in the placebo group and 28o/o in the vaccine

gronp) before returning to a level of 760/o-780/o on day 14, after

which data were not collected. We believe that this increase in

the frequency of runny nose is a result of the selection of
children on day 0 without manifestations of URI and that a

return to the mean baseline values of -20o/o of children with
runny nose accounts for much of this observation. Selection

of well children without symptoms of URI may result in the

selection of children who are susceptible to prevalent viruses

causing URI in the communit¡ and the peak incidence of
symptoms of URI on day 8 may represent acquisition of these

agents by both the vaccine and placebo groups. In contrast to
live attenuated influenza vaccine, which is associated with a

slight increase in fever on day 2 after vaccination and runny
nose on days 2, 3,7, and 8 after vaccination [16], an increase

in these ninor events was itoi ol¡served in the present study

of PIV3-cp45; these findings further indicate the highly atten-
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Figure 2. Á, Beverse cumulative distribution curves of serum hemagglutination inhibition (HAl) antibody titers to parainfluenza virus 3 {PlV3) in

seronegative children with paired serum samples available for analysis. Cumulative proportion of children achieving the indicated HAI titer is shown

before and after vaccination with PlV3-cold passage mutant 45 (cp45) or placebo. Among 109 seronegative vaccine recipients and 110 placebo

recipients, 86 {79%) and 13 112%1, respectively, had a 4{old antibody increase (P<.001 , Fisher's exact test). The postvaccine geometric mean antibody

titer was 1:25 for vaccine recipients and <1 :4 for placebo recipients. O, Before PlV3-cp45; X, after PlV3-cp45; A, before placebo; +, after placebo.

8, Reverse cumulative distribution curves of serum HAI antibody to PlV3 for seropositive subjects. Prevaccination GIVT was 1:50 for both vaccine and

placebo groups and did not increase after vaccination. O, PlV3-cp45; A, placebo.
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Table 4. Serum hemagglutination inhibition (HAl) antibody response within 42 days (range, 3F56 days) after administration of
parainfluenza virus 3 (PlV3)-cold passage mutant 45 (cp45) vaccine or placebo intranasally, by prevaccine antibody status.

Prevaccine serum antibody status to PlV3

Seronegative (HAl <1 :8) Seropositive (HAl >'1 : 16)

No of
subjects

Study group tested

No (%) of
subiects with

> -fold increase in

antìbody titer

GMT to PlV3

Prevaccine Postvaccine

No. (%) of
subjects with

>4-fold increase in
antibody titer

GIVT tO PIV3

Prevaccine Postvaccine

No of
subjects
tested

PlV3-cp45

Placebo

1 Oga

110

86 {79)b

13 \12]|

<1 :4

<1 :4

1:25

<1 :4

2 t3)

0 (0)

60

60

50

50

1 .46

1:44

NOTE. GMI geometric mean titer

" Nos of subjects with paired serum samples available are reported
o P.001, vs placebo (Fisher's exacttest)

uated nature of this PIV3 vaccine. Vaccination did not appear
.^ ^^^î^- ^:--:c^^-L ---^¡^^¡:^- --^i-^¡ ¡L^ ^---^^^ . 1----_----_^^-
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cough, or fever during the 14 days after vaccination. Vaccination

did not cause or protect against AOM or serous OM occurring

within 42 days of vaccination. This result does not mean that

the vaccine will not protect against PlV3-associated URI, LRI,

or OM; rather, the occurrence of these illnesses caused by wild-
tlpe PIV3 during this short study was too infrequent to measure.

Phase 3 studies are needed to measllre tl-rese potential vaccine

benefits.

PIV3-cp45 vaccine was immunogenic, and a single dose in-
duced HAI antibody in 79o/o of seronegative (HAI titer < 1:8)

children. A single dose of vaccine increased sernm PIV3 an-

tibody to within 2-fold of preexisting, naturally acquired an-

tibody titers observed in the seropositive subjects. In a previous

study of PlV3-sei'onegative childi'en, i8 (90%) of 20 cliildren
tested had >4-fold increases in HAI antibody titers, and 21

(100%) of 2l tested shed vaccine virus [15]. In contrast, se-

ropositive children (titer >1:16) or adults shed vaccine virus

less frequently than did seronegative children (2116 ll2o/ol se-

ropositive children and2l2O [10%] adults shed virus) and did
not boost serum antibody titers (0/12 seropositive children and

0/10 adults had increases in antibody titers) [15]. Seropositive

children 6-18 months old did not have increases in serum

antibody titers in the present study. However, 2 doses ofvaccine

might improve the proportion of seronegative children who

develop antibody after vaccination with PIV3-cp45.

In a previous study of this vaccine in infants 4-12 weeks old

[15], 31 (94o/o) of 33 infants shed vaccine virus after dose I of
PIV3-cp45 vaccine, but serum HAI antibody titers increased

in the presence of maternal antibody (prevaccine geometric

mean tite¡ 5.3 logr) in only 4 (l3o/o) of 31 infants tested. A

second dose of PIV3-cp45 vaccine given 1 or 3 months later

resulted in vaccine virus shedding in 47o/o and 77o/o of infants,

respeetively, ancl only I infant (3olo) had an HAI antibody re-

sponse [ 15]. In contrast, IgA antibody to HN protein developed

in moi'e than one-half of the vaccinated infants after dose 1,

and IgA leveis were boosted in 47o/o and 660/o of infants after
)^^^ ^ ^. r ^-- r ---^--¡l- t--¡---- -l- --. ------:---l-- Tt- --- .----tr- - --uuòc z dr r (r J ur(rilil illtgtvalS, tcspctltvcty. Illcsc tcSUlts aI(

similar to the low frequency of serum antibody response ob-

servecl in infants who are vaccinatecl with live attent¡ated RSV

vaccines; multiple doses of live attenuated vaccine appear to

be needed when infants are vaccinated in the face of maternal

antibody and an immature immune system [17].
PIV3-cp45 vaccine is expected to prevent several signifrcant

clinical syndromes commonly caused by PIV3, including AOM,
LRI, and febrile URI, but determination of efficacy will require

an extended period ofsurveillance because PIV3 infections oc-

cur throughout the year [2-4). An inl vaccine schedtrle to pre-

vent LRI in infants, with vaccination at I month and again at

4 months, followed by inl boosting at I year, would be an

attractive vaccine schedule to evaluate for effrcac¡ considering

the resr.rlis of ttre preseni phase 2 safety trial and those of the

previous phase I trial in infants 1151. The addition of live

attenuated RSV vaccine and, possibl¡ other live attenuated vac-

cines (PIVl, PIV2, and human metapneumovirtrs) would be a

significant advance in controlling viral respiratory disease in
young children, bttt these vaccines may not be available for
several years. The safety and immunogenicity of PIV3-cp45

indicate that this vaccine should be evaluated for efficacy and

effectiveness to help control this common cause of significant

respiratory disease and AOM in infants and young children.
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Evaluation of Combined Live, Atlenuated Respiratory
Sy".trul Virus and Parainfluenza 3 Virus
in Infants and Young Children

Robert B, Belshe,r Frances K. Newman,r Edwin L. Anderson,l'u Peter F. Wright,'?Ruth A. Karon,3 Sharon Tollefson,'
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Chapel Hill; TWyeth Vaccines Research, Pearl River, New York; EUniversity of the Witwatersrand, Johannesburg, Bepublic of South Africa;

'University of Adelaide, Women's and Children's Hospital, Adelaide, and 'oNew Children's Hospital, Perth, Australia

We evaluated a combination respiratory syncytial virus (RSV) and parainfluenza 3 virus (PIV3) live, attenuated
intranasal vaccine for safety, viral replication, and immunogenicity in doubly seronegative children 6-18 months
old. RSV cpts-2481404 and PIV3-cp45 vaccines were combined in a dose of lOt plaque-forming units of each per
0.5-mL dose and compared with monovalent vaccines or placebo. The virus shedding pattern of RSV was not
different between monovalent RSV cpfs-248l404vaccine and combination vaccine. Modest reductions in the
shedding of PIV3-cp45 vaccine virus were found after the administration of RSV cpfs-248 l4O4 and PIV3-cp45
vaccine, relative to monovalent PIV3 vaccine; 16 (760/o) of 2l children given combination vaccine shed PIV3-
cp45 versus ll (92o/o) of 12 of those given monovalent PIV3 vaccine. Both vaccines were immunogenic, and
antibody responses were similar between the monovalent groups and the combination group. Combined RSV/
PV3 vaccine is feasible for simultaneous administration, and further studies are warranted.

Respiratory synqtial virus (RSV) is the most important

respiratory viral pathogen of infancy and childhood I l-
31. Most primary RSV infections are symptomatic [4, 5];

many RSV infections manifest as bronchiolitis and/or

pneumonia, and severe infections occur in younger in-
fants, with peak incidence of lower respiratory-tract dis-

ease (LRI) occurring in infants 2-6 months old, but a
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substantial portion of serious RSV illness and hospital-

ization still occurs in children >6 months old [6-9].
Human parainfluenza viruses (PIVs) are also im-

portant causes of serious respiratory-tract diseases in
infants and young children <5 years old [10-12]. Ac-

cording to the Institute of Medicine, 25o/o of children

<5 years old will have a clinically significant PIV in-
fection annuall¡ and -2o/o will require hospitalization,

most commonly for croup [12]. PIV is an important

cause of or cofactor in acute otitis media (AOM) in
children. Type 3 PIV (PIV3) is of particular significance

in that, in addition to causing croup and bronchitis, it
ranks second only to RSV as a cause of bronchiolitis

and pneumonia in infants <6 months old. The virus

causes severe disease throughout the first 2 years oflife,
and virtually all children have had primary PIV3 in-
fections by 3-4 years of age. Overall, PIV3 is considered

to be responsible for -llo/o of hospitalizations for pe-

diatric respiratory disease Ill].
Significant progress is being made in developing live,

attenuated intranasally (inl) administered vaccines for

.I

l;rl

H
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influenza, RSV and PIV3 ll3-17]. A cold-passage, tempera-

ture-sensitive strain of RSV (designated cptr248l404) and a

cold-passage, temperature-sensitive strain of PIV3 (designated

-cp45) have been separately evaluated in phase I clinical trials

in seronegative children 6-36 months old [15, 16]. Arnong

childrerr >6 months old, both vaccines were well tolerated and

immunogenic at cioses of 105 pfu and showed evidence of in-
fection with vaccine virus (by isolation of vi¡us and/or increase

in antibody level) in >75o/o of children who were given inl
vaccine [14, 16]. In studies of infants <6 months old who

received 2 doses of PIV3-cp45 vaccine, there was evidence that

the first dose provided some protection from shedding of vac-

cine virus after the second dose was administered, 1 month

later [15]. Studies with PIV3-cp45 vaccine are progressing in
infants [15], and a phase 2 study in 388 children 6-18 months

old has confirmed the safety of this vaccine candidate for se-

ronegative subjects Ila]. The RSV candidate vaccine cpts-2481

404 was evaluated in infants 4-12 weeks old and was found to
cause nasal congestion that interíerecl with breasi-íeeding;

therefore, additional attenuating mutations are being intro-
duced into the vaccine [16]. However, for children >6 months

old, RSV cpts-2481404 deserves further study.

In practice, it would be efficient to be able to administer

these vaccines simultaneously. The present report sttmmarizes

the results of a phase 1 study evaluating the simultaneous ad-

ministration of the RSV and PIV3 vaccines, each at a dose of
10s pftr, combined before inl administration. The obíectives of
the study were to (1) describe ihe infeciion rate, magnitude,

and duratiorr of shedding of RSV and PIV3 after I dose of a

combined RSV/PIV3 vaccine administered inl; (2) determine

the tolerability and safety of a combined RSV/PIV3 vaccine;

(3) determine whether interference occurs when RSV and PIV3

are aclministered simtrltaneously; and (4) describe the antibody

response as measnred in serum and nasal-wash specimens.

SUBJECTS, MATERIALS, AND METHODS

Vaccines

The preparation and derivation of the RSV cpts-2481404 vac-

cine, a derivative of the A2 strain of RSV (subgroup A), and

the PIV3-cp45 vaccine have been described elsewhere [15, 16].

RSV cpfs-248 l4O4 vacctne was prepared by Wyeth Vaccines at

a titer of I X 106 pfu/ml. To achieve the planned dose for

inoculation, this virus suspension was diluted in PBS with su-

crose-phosphate-glutamate (PBS-SPG) to a titer of 4 X 10s pfu/

mL. PIV3-cp45 vaccine was prepared by Wyeth Vaccines at a
titer of I X 106 pfu/ml. Vaccine was ciiluted in PBS-SPG to a

titer of 4 X 10s pfu/ml.
Combination vaccine was made by mixing equal volttmes of

the diluted monovalent vaccine, which resulted in titers of 2 x lOt

pfu/ml for each vaccine strain. A dose, adrniniste¡ed as 0.5-mL

inl drops, delivered 105 pfli ofeach vaccine virus (RSV cpß-2481

404 and PIV3-cp45). Monovalent vaccines were diluted to a titer
of 2 x iOs pfu/rnl, which resulted in a dose of I x l0' pfir/O.5

mL of nasal drops. Placebo consisted of PBS-SPG.

Study Design

The study was a mnlticenter, randomized, double-blinded com-

parison of bivalent vaccine, monovalent RSV cprs-248l404vac-

cine, monovalent PIV3-cp45 vaccine, and placebo. Approx-
imately 60 children, 6-18 months old, who were doubly
seronegative for RSV and PIV3, were randomized in a 2:l:l:
I ratio to receive I of the following legimens: RSV cprs-248l

404 and PIV3-cp45 cornbination vaccine (24 children), RSV

cpts-2481404 monovalent vaccine (12 children), PIV3-cp45

monovalent vaccine (12 children), or placebo (12 children).

Study Subiects

Healthy children 6-18 months old whose parent(s) or guard-

ian(s) gave intbrmed consent to participate were enrolled. Chil-
dren who were seronegative for RSV (defined as neutralizing

antibody titer <l:40) and for PIV3 (defined as a hemaggluti-

nation inhibition [HAI] antibody titer <l:8) were selected.

Children were screened by medical history and physical ex-

amination, to ensure that they had normal healtl.r and devel-

opnent. The hunan experimentation guidelines of the US De-

partment of Health ancl Human Services anel those of the

authors' institutions were followed in the conduct of this clin-
ical research.

Children were excluded if they had known or suspected im-
pairment of immunological ftrnction or were receiving im-
munosuppressive therapy. Conditions for exclusion included

systemic corticosteroid therap¡ major congenital malforma-
tions, cytogenic abnormalities or serious chronic disorders, car-

diac or respiratory illness, and any prior episode of wheezing

confirmed by a physician (including illnesses diagnosed as

asthma, wheezing, or reactive airway disease, whether attributed

to environmental agents such as allergens or exposure to chem-

ical irritants or to physical agents such as exercise- or cold-

induced asthma, or infection). Also excluded were childrenwith
tympanostomy tubes and members of a household that con-

tained a pregnant wornan or an infant <6 months old or any

immunocompromised individual. Children who attended day

care and were in contact with infants <6 montl-rs old were

excluded. They were also excluded if they exhibited a current

febrile (temperature, )38oC) or other acute illness, including
upper or lower respiratory symptoms (including nasal conges-

tion that was considered significant enough to reduce the like-
lihood of successful immunization) or AOM at the time of
enrollment. Infants born at <37 weeks gestatiorr were deferred

from study participation until they were at least I year old.
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Procedures

Serum samples were obtained before inl vaccination and tested

for antibody to RSV and PIV3, to select doubly seronegative

children. Seronegative children were randomized to receive ei-

ther a vaccine or the placebo by nose drops in a volume of
0.25 ml/nostril, for a total dose of 0.5 mL. The parents were

asked to keep track of any illness or symptoms on a parent

diary card each day for 14 days after vaccination and whenever

the child felt warm during the 42-ðay postvaccine study period.

Children were examined by study personnel, and nasal-wash

samples were collected for the quantitation and phenotyping

of shed virus on days 3-7,8 or 9, 10, 12, 14, 17 or 18, and 28

after vaccination. These brief visits (20-30 min each) allowed

the study staff to examine the child closely for any signs of a

rhinorrhea, pharyngitis, fever, cough, respiratory illness, or ear

infections. Six weeks after the flrst vaccination visit, all enrolled

children returned to the clinic for a brief physical examination

and a blood sample and nasal wash to measure antibody re-

sponses to vaccination.

Fever (rectal temperature, >38"C), upper respiratory-tract ill-
ness (rhinorrhea or pharyngitis), cough, and LRI were defined

as described elsewhere [17]. AOM was deflned as frndings of
inflamed, immobile tympanic membrane, with or without bulg-

ing, observed by a physician or nurse practitioner and confirmed

by tympanometry or by a second observer. All children were

examined at the end of the stud¡ on days 3549 aftervaccination.

In the event of acute respiratory illness, additional nasal-

wash samples were obtained and cultured for RSV PIV3, and

a variety of other common respiratory viruses, to help deter-

mine illness etiology. The nursing assessment completed during

these visits included review of the diary card and transcription

of the information, to determine the occurrence of any adverse

events. A postimmunization blood sample and a nasal-wash

sample were obtained from each child on day -42 ( + 7 days)

after immunization.

Laboratory Methods

Serum antihody response. Serum samples collected before

and -6 weeks after vaccination were evaluated for the presence

of antibody to RSV and PIV3. Antibody to RSV was measured

by the plaque reduction neutralization (PRN) assa¡ as de-

scribed elsewhere [18]. Antibody to PIV3 was assessed by the

HAI and by ELISA (IgA and IgG) to purified hemagglutinin-

neuraminidase (HN) protein, as described elsewhere [19, 20].

NasøI-wash antiboþ response, Nasal-wash samples were

evaluated by kinetic ELISA, as described elsewhere 121,22),to
determine the antibody response to RSV (glycoproteins F and

Ga-i.e., the G attachment protein of RSV subgroup A) and

to PIV3 (purified HN protein). The IgA concentration (in mi-
crograms per milliliter) was determined similarly by use of a

capture method. A¡ increase in the ratio of >4 when prevac-

cination samples were compared with poswaccination samples

from a child or seroconversion from 0 to any value was con-

sidered to be an increase in the level of nasal-wash antibody.

Vaccine virus quantitation ønd genetic stability. Vaccine

virus shedding levels and temperature-sensitive (fs) phenotypic

stability were determined from fresh or frozen nasal-wash sam-

ples by plaque assay. For the quantitation ofRSV in nasal-wash

samples, it was necessary to neutralize any PlY3 that might be

present in the sample, to prevent any PIV3 cytopathic effect

(CPE) from obscuring RSV plaques. Each sample to be tested

for RSV was incubated for I h at 32"C in the presence of 5o/o

anti-PIV3 horse serum, then serial 1O-fold dilutions of PIV3-

neutralized samples were inoculated onto HEp2 cell monolayers

in duplicate 24-well plates and overlaid with 0.75% methyl-

cellulose in minimum essential medium. The duplicate plates

were incubated for 5 days at 32oC for virus quantitation or at

39"C for assessment of the rs phenotypic stability of the virus

after replication within the human host. RSV plaques were

stained in an indirect immunoperoxidase (IP) assay by use of
RSV-specific monoclonal antibodies (MAbs) directed against F

and G proteins and horseradish peroúdase (HRP)-labeled goat

anti-mouse IgG, as described elsewhere [23]. Virus titers were

expressed as log,o plaque-forming units per milliliter of nasal-

wash fluid. To determine the fs phenotypic stability of the RSV

recovered from the children, the infectivity titers ofvirus grown

aT 32"C and 39oC were compared. The rs phenotype of the RSV

present in the sample was considered to be stable if the titer
of RSV detected at 39"C was at least 100-fold lower that the

titer of the RSV observed at 32"C.

The method to determine the titer and phenoqpe of the

PIV3 in nasal-wash samples was modified from a plaque assay

described elsewhere [24]. Plaques were visualized by use of
PlV3-specific MAbs and HRP-labeled goat anti-mouse IgG in

an indirect IP assay. Briefl¡ the agarose plugs were gently re-

moved, and the monolayers were fixed with acetone:methanol

(50o/o:50o/o). A mixture of PIV3 MAbs to the HN glycoprotein

was added to each monolayer 125,261. After incubation for 1-

2 h at 37"C or overnight at 2"C-8"C, the plates were washed

with PBS, the substrate (Enhance Orange DAB-C/H,Or; Kir-

kegaard and Perry) was added, and the monolayers were incu-

bated on a rocker platform for -10-15 min at room temperature.

The monolayers were rinsed with tap water and air-dried, and

plaques were enumerated.

The genetic stability of PIV3 vaccine virus was assessed by

measuring the rs phenot¡pe of the shed virus in original nasal-

wash samples at 39"C. Duplicate monolayers of LLC-MK2 cells

were inoculated with test sample; I set was incubated at 32oC,

and the other set was incubated at 39oC. The former was used

to determine the titer of PIV3 shed by each child, and the latter

was used to ascertain the genetic stability of the PIV3 being
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recovered from the nasal-wash samples. The duration of viral
sliedding was defined as the last day ofvaccine virus detection.

Diagnostic virologic testing on nasøl-wash sømples obtaineil

durtng illness. Children who presented with respiratory symp-

toms during the study provided nasal-wash samples for vinrs

isolation. Nasal-wash samples were collected and imrnediately

ciiluted in 5 X virtts transport media. The samples were inocnlateri

onto primary monkey kidney cells, as well as onto at least 2 othe¡

cells lines appropriate for the isolation of common respiratory

viruses, including adenovirus, influenza A and B, PIV l-4, and

RSV. The tissue-culture cells were incubated at 32"C and observed

for CPE for 14 days after inoculation.

If PIV3 was detected in association with illness and the result

did not coincide with the detection of ts virus (vaccine) isolated

from routinely scheduled nasal-wash samples, then the PIV3

isolate was identified by sequence analysis of reverse-transcrip-

tion polymerase chain reaction (RT-PCR) products by use of
primers specific for the amplification of a variable region of
i-he F gene. The RT-PCR prcrcednre usecl io cleiect wild-type
(wt) PIY3 has been described elsewhere [15].

Statistical Analyses

Mean log,o titers of vaccine virus in nasal-wash samples were

calculated for each day tested; nasal-wash samples in which

virus was not detected (minimtrm amount of virus detectable,

0.7 log,o pfu) were considered to have a titer of 0.4 log,o pfu

for our calct¡lations. Days of virus sheddint '"vere compared

between groups by use of the x'z text. Mean vilus shedding in

each monovalent grotrp was compared with that in the com-

bination vaccine group by use of analysis of variance (ANOVA).

RESULTS

A surprisingly high proportion of children screened, approxi-

mately one-hali were seronegative for both RSV and PIV3 at 6-
18 months old. As expected, seronegative children tended to be

younger than seropositive children. The average age of enrolled

children was 10 months; 2 children were screened at 18 months

of age but were not vaccinated until 19 months of age; they were

included in the analysis. Fifty-four children were randomized-
2l to the combined RSY cptr248l404 and PIV3-cp45 group, 9

to placebo, and 12 each to RSV cpts-2481404 or PIV3-cp45 alone.

Shedding of RSV in the monovalent RSV vaccine group (fig-

ure lA) and the combination vaccine group (figure 18) was

not significantly different in overall pattern, ntrmber of days of
shedding (mean duration of RSV vaccine shedding, 14 days in
the monovalent group and 15 days in the combination group;

table l), or mean peak titer shed (2.8 vs. 3.4 log,o, monovalent

vs. combination group; P : .19, ANOVA), In contrast, com-

parison of PIV3 shedding in the monovalent PIV3 group (figure

1C) and cornl¡ination group (figure lD) revealed modest viral
interference, r,r'ith PIV3-cp45 shedding in the combination

group, compared with the PIV3 monovalent group. The mean

peak titer of PIV3-cp45 shed was lower (3.8 vs. 2.1 1og,o, rnono-

valent PIV3 vs. combination group; P: .01, ANOVA), and

significantly fewer days of detection of PIV3-cp45 shedding

were found in the combination group. The duration of PIV3-

cp45 shedding (defined as the last day that vaccine virus was

shed) was not significantly different between the 2 groups.

A total of 132 RSV-positive nasal-wash sarnples lrom 28

children and 123 PIV3-positive nasal-wash samples from 27

children were tested for rs phenotype. There was no change in
the fs phenotype of RSV ol PIV3 vaccine virus detected in
postimmunization nasal-wash samples recovered from children

enrolled in the study (data not shown.) These same samples

contained RSV vaccine titers as high as 6.5 log,o pfu/ml or
PIV3 vaccine titers as high as 5.4 log,o pfu/ml, which indicates

multiple rounds of replication in the human nasopharynxwith-
out any change in the fs phenotype.

Clinical events occurring within 14 days of vaccination are

summarized in table 2. LRI was not observed in any study

subject. As expected, some children in the placebo group man-

ifested fever, cough, rhinorrhea, or AOM, and these events

reflect the high background rate of common upper respiratory

tract illnesses in young children. Although the rates of these

minor illnesses did not differ significantly between vaccinees

and placebo recipients, the sttrdy was not powered to examine

the frequency of these events in placebo recipients versus rrac-

cinccs. Holve vcr, thcse rcsults provide backgrorind information
lor future studies to examine these questions; the sample size

used in the present study has been used elsewhere [15, 16] to

screen vaccine candidates and eliminate highly reactogenic or
overly attenuated vaccines.

Children in the 3 vaccine groups manifested a similar spec-

trum of illnesses as the children who received placebo, with
the possible exception of the occurrence of AOM. Evidence of
AOM was observed in a (38%) of 12 children vaccinated with
RSV cpß-2481404 (314 children with AOM shed a virtrs other

than vaccine type, including I each of rvr PIV adenovirus, and

influenza virus) and 7 (33Vo) of 2l children given the corn-

bhration of RSV cpts-2481404 and PIV3-cp45 vaccines (0/7 shed

a wf virus), compared with 1 (8%o) of 12 in the PIV3-cp45

group (this child shed influenza A virus and PIV3-cp45 vaccine)

and I (llo/o) of 9 in the placebo group. However, these rates

were not statistically different. Other manifestations of viral
respiratory disease were common in all study groups, including
cough, rhinorrhea, and fever.

In addition to the concurring viral infections associated with
AOM, as described above, concurrent viral infections were de-

tected in study children and included 1 wf RSV infection in a

child in the monovalent PIV3-cp45 vaccine group and 2 chil-
dren with ente¡ovirus infectiorrs in the combination vaccine

group. wr FIV3 was circulating at some of the study sites at

Combination RSV-PIV3 Vaccine . IID 2004:190 (15 December) . 2099
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Table 1. Mean duration of virus shedding and mean quantity shed on the peak day of virus shedding of respiratory
syncytial virus (RSVI cpts-2481404 or parainfluenza 3 virus (PlV3l-cpa5 vaccine among children intranasally given 10s pfu

of monovalent RSV vaccine, l05 pfu of monovalent PlV3 vaccine, 105 pfu each of RSV and PlV3 vaccines, or placebo.

Group

No, shedding/
no, vaccinated (%)

Duration
of shedding,"

mean, days

FSV PIV3

Virus titer on
peak day of

shedding,b mean,
pfu/n-rL log,n

RSV PIV3RSV PIV3

RSV cpts-2481404
PlV3-cp45

RSV cpts-2481404 and PlV3-cp45
Placebo

11112 (92)

19/21 (90)

ol9

11112 192)

16121 l76J

119"

<0.5

3B
2lu

<05

14

0

It)

0

0
'1 5

tb

0

<0,5

<0,5

2B

34

" Sign¡ficantly more days w¡th no shedding of PlV3 cp45 were seen in the combination group vs, the monovalent PlV3-cp45 group Duration
of shedding \",as calculated by use cf the last da'¡ of vi¡us isclation to indicatc thc total duration of virus replication

b Mean virus titer on peak day was calculated by use of the peak titer of virus shed from each child on day 10 for the RSV monovalent
group and on day 7 for the PlV3 monovalent group and the RSV/PlV3 combination group

" Wild-type PlV3 was isolated from 1 control child.

the time of the stud¡ and evidence of concurrent RSV or PIV3

infection was present in the serologic results. Sl.ecifically, 2

children in the PIV3 group had antibody increases to RSV and

antibody increases to PIV3 occurred in 2 children who received

RSV vaccine and in 3 placebo recipients.

Both the RSV and PIV3 vaccine strains induced the pro-
duction of serum and mncosal antibody. The frequency of de-

veloping serum neutralization antibody responses for RSV or
serum HAI antibody responses for PIV3 was not significantly

different in the nonovalent groups versus the combination

group (table 3). The RSV vaccine above induced antibody in
9 (90o/o) of 10 children, and the RSV/PIV3 combination vaeeine

induced RSV antibody in 18 (95%) of 19 children. There was

a suggestion that PIV3 immunogenicity was reduceci, but this

did not achieve statistical significance; 9 (82o/o) of 1l children

developed antibody in the monovalent PIV3-cp45 group, com-

pared with 12 (610/o) of 20 in the bivalent group (P = .26).

Arlong tl-rose who were infected by a vaccine virus, the post-

vaccine geometric mean PRN antibody titer to RSV or HAI
antibody to PIV3 was not significantly differer.rt (table 3, foot-
notes c and d). Nasal-wash antibody responses to RSV for Ga

antigens occurred in 6 (50%) and I (670/o) of 12 children, re-

spectivel¡ in the monovalent vaccine group and irt 7 (33o/o)

and 14 (670/o) of 21 children, respectivel¡ in the combination
vaccine group (table 3). After a single dose ofvaccine, nasal-

wash antibody response to PIV3 was founcl in only 2 (l7o/o)

of 12 children in the monovalent vaccine group and in 6 (29o/o)

of 21 children in the combination group.

DtscusstoN

The cievelopment of a safe and effective vaccine for the prevention

of respiratory disease caused by RSV and PIV3 represents an

important but elusive objective. RSV is the most important cause

of LRI in infants and young children, and it causes significant

disease in elderly and irnrnunocompromised patients. PIV3 is

Table 2. No. of children with the indicated s¡gn or symptom of illness on days 0-14
after intranasal vaccination with respiratory syncytial virus (RSVI cpts-2481404, para¡n-

fluenza 3 virus (PlV3l-cp4s. a comb¡nation of both vaccines,0r placebo.

Group (no. of children)
Temperature

Cough Rhinorrhea LRI AOM

RSV cpts-2481404 i'12)

PlV3-cp45 (12)

RSY cpts-2481404 and PlV3-cp45 (21)

Placebo (9)

NOTE. Data are no. of children. AOM, acute otitis media; LRl, lower respiratory-tract disease

' One child with temperature >38'C shed wildtype /w¡l RSV
b Four children with a lemperature >38'C shed both RSV and PlV3 (2 of the 4 also shed an enterovirus),

and the other 3 shed only the RSV vaccine phenotype

" Four children with cough shed RSV and PlV3, 2 shed RSV only, and virus was not ¡solated from 1

d Concurrent wf infections occurred in 3 children-l each of PIV adenovirus, and influenza virus
' Concurrent infection with influenza A occurred in this child
r The children with fevet cough, and/or AOM were not the same 7 children; 14 children had various

combrnations of fever and/or cough and/or AOM

21
1"4
-7b J'
43

11

B

19

5

0

0

0

0

4d

1"
-lf

1
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Table 3. Development of >4-fold serum and/or nasal-wash antibody responses to respiratory syn-

cytial virus (RSV) or parainfluenza 3 virus (PlV3l among initially seronegative children after vaccination
with RSV cpts-2481404, PlV3-cp45. both vaccines. or placebo.

lncrease in serum
antibody, no with
increase/no. tested

lncrease in nasal-wash
antibodies, no. with
increase/no tested

Group (no. of children) FSV PlV3 Both RSV F RSV Ga PlV3 Both

RSV cpts-2481404 l12l
PlV3-cp45 (12)

RSV cpts-248l404 and PlV3-cp45 (21)

Placebo (9)

9110
2112u

1Bl19c
015

Bl12
1112

14121

0/B

2111u
glllb

121206'd

3l9u

1 110a

2111"

11118
0/5

6112

3112
t 121

218

1112

2112

6121

318

0112

0112
5121

0/B

NOTE, Seronegative to RSV serum neutralizing antibody t¡Îer <1 :40; seronegative to PlV3, serum hemagglutination
inhib¡t¡on (HAl) antibody <1:8

" Wild-type RSV unexpectedly circulated in the community, and PlV3 was endemic, as expected
b Nine of 11 vs 12 oÍ 20 lP: 26i'

" Among those who were infected with RSV vaccine-type virus, as indicated by shedding of RSV cp¡s-248l4o4or >4
fold antibody increase to RSV the log mean postvaccìne neutralizing antibody to RSV was not significantly different in

the monovalentvs combination group,8811 1vs 81+ 10 Geometricmeantiterswere 504 and2l6, respectively
o Arrlong those who were infected with PlV3 vaccine vìrus, as indicated by shedding of PlV3-cp45 or >4fold antibody

¡ncrease to PlV3, the log mean postvaccine HAI t¡ter to PlV3 was not significantly different in the monovalent vs.

combination group, 41 + 1 7 (+SD) vs. 3.6 t 2 0; geometric mean HAI antibodies were 17 vs 12, respectively

the second most important cause of bronchiolitis andpneumonia

during the first 6 months of life and is a common cause of febrile

respiratory disease and AOM in older children. Recent experience

with a cold-adapted, fs, attenuated influenza vaccine adminis-

tered by the inl route demonstrated the feasibility of this tech-

nology for vaccine administration [13].

Several key issues in developing a bivalent RSV-PIV3 vaccine

were addressed in the present pilot study. We sought to develop

preliminary observations to assess whether combined vaccine

would exhibit evidence of augmented reactogenicity. RSV and

PIV3 frequently are involved in dual or mixed viral infections

that occur in -l5o/o of respiratory illnesses in the community

127-30l.In general, the clinical syndromes associated with dual

respiratory viral infections have appeared to be indistinguish-

able from single-agent infections, although one review [29]

found that dual infections may be more severe and were more

likely to result in hospitalization. Additionall¡ evidence of viral

interference or decreased immunogenicity was sought to de-

termine a preliminary strategy for the vaccination of children

against both diseases.

The present results suggest that bivalent RSV/PIV3 vaccine

is feasible to develop. A majority of children in the bivalent

vaccine group responded to both the RSV and PIV vaccine

components. The present results demonstrate only very modest

interference by RSV with the PIV component. A simple strategy

to overcome this interference would be to give 2 doses separated

by an appropriate interval, to be determined by clinical inves-

tigations-a 2-month interval was successful with live, atten-

uated trivalent inl influenza vaccine. In previous studies in this

age group [16], the RSV cpfs-248l404 vaccine appeared to be

satisfactorily attenuated, but it retained some reactogenicity in
infants (6 months old. As a test-of-concept stud¡ the acute

safety of the combined RSV-PIV3 vaccine could not be differ-

entiated from those of either monovalent vaccine or placebo.

Although no significant differences were observed, the clinical

events associated with the RSV component of bivalent vaccine

may be significant, but confirmation of this observation will
require a larger stud¡ given the high frequency of concurrent

virus infections in this age group.

Peak virus shedding titers in the monovalent RSV cpts-2481

404 vaccine group were higher than have been previously re-

ported [16]; the higher titers in the present study reflect a

change in the laboratory assessment methods. In the present

stud¡ IP staining of plaques was used to determine titers,

whereas, elsewhere, plaque assay without IP was used. Similarl¡
peak virus shedding titers in the monovalent PIV3-cp45 vaccine

group were higher than those reported elsewhere because of

our use of an IP stain to determine plaque count [15, 17].

The characteristics of PIV3-cp45 vaccine appear to be suitable

for expanded trials. Recentl¡ a phase 2 study was completed in

380 children 6-18 months old. No increase in rhinorrhea, cough,

fever, or AOM was found when these findings were compared

in seronegative, vaccinated recipients versus placebo control sub-

jects. PIV3-cp45 vaccine induced vigorous HAI antibody re-

sponses (geometric mean titer [GMT], l:24 after vaccination)

that were within -2-fold of the antibody level found in naturally

infected children before vaccination (GMT, l:50).
Genetic stability was assessed, and the vaccine viruses re-

tained their fs phenotype, despite multiple cycles of replication

in young seronegative children; the multiple genetic changes

introduced into PIV3-cp45 and RSV cprs-248l404 provide a

good means of safety to ensure that viruses with a virulent

phenotype will not emerge during replication in children.

Signifrcant progress is being made toward further attenuation

2102 . llD 2004:190 (15 December) . Belshe et al.



of the RSV component. Once a stritable RSV vaccine compo-

nent is derived, it can be cornbined with PIV3-cp45 vaccine

and evaluated for the safety, infectivit¡ and effrcacy of each

component. The present study has provided a rationale and a

rnodel protocol for proceeding with those future evaluations.

The RSV cpts-2481404 corrponent intelfered with PIV3-cp45,

but not the reverse; this suggests that further attenuateci <ie-

rivatives of RSV cpts-2481404 might not interfere ol would
interfere to a lesser degree and, therefore, would work well in
combination with PIV3-cp45, but this will need to be tested

in clinical trials and determined ernpirically. The results of the

present test-of-concept trial provide the framework for future

development of bivalent RSV/PIV3 vaccine.
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Chapter 3: Communitv and lmmunisation Provider Acceptance of New Vaccines

This chapter describes the results of studies conducted to assess community and immunisation provider

awareness and acceptance of new vaccines once they become licensed in Australia, Once a vaccine is

licensed a recommendation can be made by the Australian Technical Advisory Group on lmmunisation

(ATAGI) for the vaccine to be federally funded. Decisions on funding and inclusion of a newly licensed

vaccine into the National lmmunisation Program (NlP) are then made by the Pharmaceutical Benefits

Advisory Committee (PBAC) and depend substantially on the results of cost effectiveness analyses

including the cost of the immunisation program and the cost saving in prevention of the associated

morbidity and mortality from the disease.

Therefore, there is often a delay in provision of these vaccines to the public even with an efficient process.

Often, initial availability is only in the private market at a high cost, resulting in inequality in access to these

vaccines with the consequence that vulnerable children remain without protection. Varicella vaccine was

recommended by ATAGI but only available on the private market in Australia for five years before it was

funded for all children, Not only does this result in a high proportion of children at risk of varicella and its

complications, but low coverage with a live attenuated vaccine such as varicella, has implications for a

potential change in epidemiology of the disease in the community with a potential increase in adult disease,

Our study reporls on the uptake of varicella vaccine in the community prior to funding for the vaccine being

provided,

Human Papillomavirus (HPV) vaccine was recently introduced for adolescent girls with a catch-up program

for young women to provide protection against cervical cancer, Not only is the vaccine likely to provide

protection against cervical cancer but also against other HPV related cancers such as anal and other

genital cancers including vulval, vaginal and penile cancer and oro-pharyngeal cancers. There is

obviously benefit to for adolescent boys to receive the vaccine as well both to protect themselves against

HPV related cancers but also to contribute to the herd immunity effect of reducing exposure to the virus in

the community.

The Australian of the Year, Professor lan Frazer raised the level of awareness of the association between

HPV and cervical cancer, not only in the community but particularly in the media following licensing of the

HPV vaccine. ln response, issues related to implementation of a HPV immunisation program, such as
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concern about promiscuity in adolescent girls were raised in the media and by some religious groups, Our

study investigates acceptance of the vaccine in the community prior to introduction of the vaccine,

The recent H1N1 pandemic and previous HSN1 outbreaks have resulted in the manufacture of many new

influenza vaccines for control of pandemic infection. Acceptance of these vaccines by the community and

an appreciation that once available vaccine delivery may be prioritized to cedain groups in addition to other

infection control strategies is essential to control the spread of infection during a pandemic. Our study

examined community awareness and acceptance of strategies to prevent the spread on infection during a

pandemic.

Providing accurate, transparent information and education to the community prior to introduction of a

vaccine with an efficient funding review process is essential to ensure optimal uptake and protection for the

community.

8. Marshall H, Ryan P, Roberton D, Uptake of varicella vaccine - a cross sectional survey of parental

attitudes to nationally recommended but unfunded varicella [immunisation. Vaccine. 2005;23:5389-97.

Although varicella vaccine was approved in Australia for use in children from '12 months of age by the

National Health and Medical Research Council (NHMRC) in 2000, recommendation for use of the vaccine

and incorporation into the Australian Standard Vaccination Schedule (ASVS) only occurred in September

2003. However, at the time this study was conducted, Government funding for the vaccine had not been

provided and purchase of the vaccine was at parental expense. Varicella vaccine uptake had been slow,

resulting in incomplete coverage compared to federally funded vaccines.

Low varicella vaccine coverage in the community has parlicular implications not seen with other vaccines.

When only a proportion of the population is immunised there is less contact with wild type infection in

infancy and early childhood, While varicella continues to spread within the community, there is a higher risk

of developing the disease at an older age when the disease is more serious and more costly to the
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community. A high coverage rate in the population (at least 75%) has many benefits including a significant

reduction in exposure to disease and potentially a reduction in the incidence of herpes zoster later in life.

Paper I describes the results of a study to assess uptake of a varicella vaccine in the community prior to

Federal funding being provided and inclusion in the National lmmunisation Program. Our study confirmed

that there was inadequate varicella vaccine coverage in children in South Australia prior to funding, This

was particularly evident in the 9 month to 4 years age group who experience the highest rates of

hospitalisation for varicella infection, We were particularly interested in identifying the reasons for poor

uptake in the community,

This study provided the first Australian data on reasons why parents choose whether or not to immunise

their children against varicella infection. The main reasons reporled in our study for not having children

immunised with varicella vaccine were related to lack of funding and knowledge about the vaccine rather

than concerns about the vaccine or associated side effects. The three most commonly cited reasons

(excluding previous varicella infection) for not immunising a child were due to lack of knowledge about the

vaccine, lack of awareness that the vaccine was included on the ASVS, and the cost of the vaccine to

families. Most caregivers identified prevention of disease as the primary reason for immunising their child.

Others identified their GP as having a strong influence on whether their child received recommended

vacctnes

Our study showed that barriers to varicella immunisation are the result of poor knowledge about the

vaccine and lack of funding, Recommending a vaccine without providing funding, gives "mixed messages"

to immunisation providers, parents and caregivers. The minority of parents that were unaware that a

varicella vaccine was available is of concern, The study results suggest that parents were not well informed

about the vaccine and parental education needs to be a significant component of any new immunisation

campaign to increase coverage. However, the most important consideration in ensuring optimal uptake of a

new vaccine in the community is the provision of Government funding for new vaccines once they become

licensed,

Data from this study were used by ATAGI in recommending funding of varicella vaccine. Funding was

provided in November 2005,
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I presented the results of this study at the Australian Society for lnfectious Disease (ASID) conference at

Margaret River, Western Australia in August 2005 and the 36th Public Health Association of Australia

conference in Perth, Western Australia Australia, September, 2005.

9. Marshall H, Ryan P, Roberton D, Beilby J. Varicella immunisation practice: lmplications for provision of

a recommended, non-funded vaccine, Journal of Paediatrics and Child Health. 2009;45:297-303.

As our previous study indicated that GP recommendation was an imporlant factor in determining

acceptance of recommended, non-funded vaccines by parents, we aimed in the study described in Paper 9

to establish the factors that increased the likelihood of non funded vaccines being recommended by GPs.

Although the number of paediatric consultations by a GP appeared to be strongly associated with provision

of a nonJunded vaccine such as varicella, to children at routine immunisation visits, other factors were

important in acceptance by parents, including provision of information about the vaccine and the wish by

parents to prevent disease.

Our study showed that GPs who had recently graduated were more likely to recommend new, non funded

vaccines possibly due to recent graduates having received more intensive teaching and training on

immunisation, with administration of newer vaccines considered important components of preventive health

care, We showed that female GPs were more likely to discuss non-funded vaccines with their patients

which may be due to longer time spent in consultation with a patient compared with consultation time with a

male GP. Discussion about non-funded vaccines requires additional time and assessment and may be

given less priority than discussion about funded vaccines by GPs because of less emphasis on vaccination

with these vaccines from state immunisation authorities.

Recommending a vaccine without providing funding is likely to result in variability in recommendations to

parents from GPs and GP judgement of parental affordability of the vaccine. Our study findings suggest

that when parents are provided with information about the vaccine, they are more likely to accept their GP's

recommendation. Provision of information about the vaccine is likely to instil confidence in parents that an

informed decision has been made to have their child immunised. 0ur study suggests that provision of a fact

sheet summarising information about the vaccine preventable disease and the vaccine at the time of
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patient booking could improve the decision-making process for the parent without impacting significantly on

consultation time.

Recent changes to the recommendations for varicella immunisation include receipt of two doses of

varicella-containing vaccine to provide increased protection and minimise break through disease in

children. However, routine administration of a second dose of varicella-containing vaccine is not included

on the NIP and was rejected by the Pharmaceutical Benefits Advisory Committee following

recommendation by the ATAGI because of the lack of evidence of cost-effectiveness of a second dose. We

can predict that provision of a second dose to all children will be low. Education of GPs about

recommendations to improve protection of children is of paramount importance, particularly when funding

of an optimal vaccination program is not guaranteed.

Introduction of Human Papillomavirus vaccine

10. Marshall H, Ryan P, Roberton D, Baghurst P, A cross-sectional surveyto assess community attitudes

to introduction of Human Papillomavirus vaccine. Australian and New Zealand Journal of Public Health.

2007;31(3):235-242.

HPV infection is the undisputed cause of cervical cancer with approximately 20 high risk oncogenic strains

having been shown to be responsible for the majority of cases. Although women are at risk of acquiring the

virus and developing cervical cancer, both men and women may transmit the virus to their pafiner during

sexual activity.

Vaccines against the high-risk types HPV-16 and HPV-18 have been shown to be safe and immunogenic in

previous trials, and have been shown to prevent incident and persistent HPV-16/18 infection and cervical

intraepithelial neoplasia (ClN) I, ll and lll,

Two HPV vaccines have recently been licensed in Australia with funding provided for vaccination of

adolescents and a catch-up program for young women. Adolescent vaccination is important prior to onset

of sexual activity and exposure to oncogenic HPV strains to provide optimal protection, Community

acceptance of vaccination of young adolescent girls before they become sexually active is paramount for
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successful immunisation programs, My interest in community acceptance of HPV vaccine arose from

conducting a multicentre safety and immunogenicity study of HPV vaccine in adolescent girls, 10-14 years

of age. The results of this study have been outlined in a manuscript yet to be submitted for publication.

Paper 10 outlines the results of this community study which aimed to assess knowledge and community

attitudes in both men and women to the introduction of HPV vaccines in metropolitan and rural South

Australia, This was the first quantitative study to investigate men's in addition to women's understanding

and acceptance of HPV vaccine.

Prior to this study being conducted concerns had been raised in the media in Australia and the US about

the social implications of vaccinating adolescents to prevent a sexually transmitted disease and potentially

cervical cancer, The implication that cervical cancer is linked to a sexually transmitted disease may lead to

anxiety and concern about the use of HPV vaccine.

Our study indicated that although there is a high acceptance of HPV vaccination in the community,

knowledge about the causal relationship between HPV infection and development of cervical cancer is

deficient, particularly for men, despite a high level of acceptance of the vaccine. Our results indicated that

education about HPV infection and prevention parlicularly needs to be directed towards men, young adults

and the elderly, those with lower educational attainment and those who are the most disadvantaged in the

community.

The acceptance of a vaccine to prevent a sexually transmitted infection and ultimately cancer in the South

Australian community was established by our study results. Despite poor knowledge about the cause of

cervical cancer the majority of adults and parents are willing to accept vaccination to prevent this disease,

with acceptance of vaccination being only slightly higher in females than in males.

Our results confirmed that parents are not concerned about discussing sexually transmitted disease with

their children and were willing to discuss use of the vaccine at an appropriate age. There was little evidence

in our study results to suggest that anxiety about use of the vaccine leading to promiscuity is a concern

amongst parents,
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Understanding community concerns is essential when developing education campaigns prior to vaccine

delivery, This study provided information for educators and policy makers prior to the introduction of a HPV

vaccination program.

Linkages between health care and education systems to provide education about the benefits and

availability of the HPV vaccine will be vital to the achievement of high levels of coverage. lmplementation

issues including provision of Government funding, decisions on whether or not both males and females will

receive the vaccine and the target age group are yet to be determined. Education of both men and women

will be essentialto ensure the advantages of herd immunity in communities.

This study was supported by a scholarship I received as the inaugural recipient of the Public Health

Education and Research Trust (PHERT) Scholarship, This competitive award was granted to me in

recognition of the impofiance of establishing data on the community acceptance of the HPV vaccine prior to

commencement of the HPV immunisation program. I received numerous invitations to present these study

data at national meetings due to the high level of interest from policy makers in the study findings.

I presented these study results at the 1Oth National Public Health Association of Australia lmmunisation

Conference/2nd Asia Pacific Vaccine Preventable Diseases Conference in Sydney, New South Wales,

Australia, July 30 - August 1, 2006 and was invited to present the study results as the recipient of the

PHERT award at the 37tt' Public Health Association of Australia Conference in Sydney, New South Wales,

Australia, September 25 -27,2006.

ll.Marshall H, Ryan P, Roberton D, Street J, Watson M, Pandemic lnfluenza and Community

Preparedness. American Journal of Public Health 2009;gg:5365-21.

The recent H1N1 pandemic and H5N1 outbreak have led to the production of pandemic influenza (Pl)

vaccines by almost all vaccine manufacturers. Although this will result in billions of doses of vaccine being

available not everyone will have access to these vaccines and governments will decide who in the

community will have priority access to these vaccines. ln addition, strategies such as home isolation,

k
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wearing of masks, use of anti-viral medications and school closures have all been initiated in the current

pandemic. Our study was conducted prior to the onset of the H'1N1 pandemic to assess community

knowledge of Pl preparedness and acceptance of government strategies including vaccination to prevent

the spread of infection.

Our study showed that despite poor knowledge, there is a high level of concern about Pl within the

community, pafticularly amongst elderly women and adults in low income households possibly due to

perceived vulnerability due to lack of resources, potential loss of income and concern for dependents,

Education about Pl was shown to be deficient which needs to be addressed for successful community

engagement in Pl preparedness plans. However acceptance of vaccination as a strategy to prevent spread

of infection once a licensed vaccine was available was supported by the community, including the

suggestion of compulsory vaccination being considered in this emergency situation, The most vulnerable

groups within society including children, the elderly and those who are unwell were selected by the

community as a priority for vaccination. Children have also been considered an important priority for

vaccination by government, to control the spread of infection, including reduction in transmission to the

elderly. 0ur results showed that although the majority would agree to be vaccinated, almost 12% would

refuse vaccination equating to 2.4 million individuals in Australia who would remain unprotected with the

potential to spread infection,

Our study results highlight the importance of educating the community prior to the onset of an influenza

pandemic and engaging the community in pandemic influenza preparedness plans to increase awareness

and acceptance of strategies to reduce the spread of infection in the community.

I presented the study results at national and international meetings including the Sth World Congress of the

World Society for Pediatric lnfectious Diseases (WSPID) in Bangkok, Thailand, November 15 - 18,2007

and the'l3tt' lnternational Congress on lnfectious Diseases (lClD) in Kuala Lumpur, Malaysia in June 19 -
22,2008 and the'l1t' National Public Health Association of Australia (PHAA) lmmunisation Conference in

SurJers Paradise, Queensland, Australia, September 16 - 18, 2008,
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Compulsorv lmmunisation: risks and benefits

12. lsaacs D, Kilham H, Marshall H. Should routine childhood immunizations be compulsory? Journal of

Paediatrics and Child Health 2004;40:392-396.

This paper was written with co-authors after I completed an elective topic "Ethics in Public Health" during

my Master in Public Health Degree, but was not a requirement of the course or submitted towards my

degree. This review paper provides an ethical and historical view on whether immunisation should be

compulsory in Australia.

This paper outlines the benefits and risks involved in immunisation and the imporlance in Australian culture

for free parental decision regarding whether or not to have a child immunised, We either choose a

paternalistic approach and make immunisation compulsory or we accept parental autonomy in making the

decision whether or not to have their children immunised. Compulsory immunisation is regarded by some

as justifiable in terms of the benefit to the individual and to the community, particularly when there is a

threat to the community as demonstrated in the previous paper (Paper 11). However compulsory

immunisation infringes the autonomy of parents to make choices about child rearing, which is an important

consideration in our society. There are also practical considerations in enforcing immunisation, such as

restraining children without parental consent, or fining parents, which are unlikely to be acceptable in our

society. Alternatives to compulsory immunisation that have been successful in Australia and have

achieved high coverage include inducements, e.g. linking child care and maternal benefits to immunisation,

school requirements for knowledge of and recording of immunisation status and emergency legislation to

compel immunisation in the face of an outbreak or pandemic such as we are currently experiencing,

We conclude that children should not be compulsorily immunised when high coverage rates can be

achieved with education and inducements. With the current high levels of coverage at around g2o/o for

childhood vaccinations, compulsory vaccination is not required, The case might be stronger if

immunisation coverage levels fell, although this would likely result in an increase in epidemics of vaccine-

preventable infectious diseases with public recognition of the value of immunisation and hopefully improved

immunisation rates without the need for compulsion.

þ
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Abstract

The airn of this study was to assess the uptake of varicella vaccine in South Australian children under circunrstances where varicella
irnrnunisation is recotnmended, but is not funded by Govemment. The study examined the main reasons that deterrnined a parent's decision
whether or not to have their child immunised with varicella vaccine. A cross-sectional survey was conducted by Cornputer Aided Telephone
Interviews (CATI) in June 2004. Data were obtained frorn 613 households containing 1148 children aged frorn birth to l7 years of age.

Statistical analyses were performed using data weighted to the South Australian population. Six hundred and eighty children (55.7%)had
a history of varicella infection and,446 children (42.0%) had received varicella vaccine (weighted data). The most common reasons cited
for not having children itntnunised included lack of knowledge about the vaccine and cost. One year after inclusion of varicella vaccine
in the Australian Standard Vaccination Schedule there is evidence ofincornplete coverage in children in South Australia due to absence of
governlnent funding for vaccine provision.
O 2005 Elsevier Ltd. All rights reserved.

Keywords: Varicella; Vaccine uptakc; Parental attitudes

1. Introduction

There are approximately 240,000 cases of varicella each
year in Australia, resulting in 1500 hospitalisations and
10-20 deaths [,2]. In healtþ children, varicella is usu-
ally a mild disease, but in adults and immunocompro-
mised people of any age there may be severe complications
including encephalitis or pneumonia. The mortality rate in
immunocompromised individuals is 7 - 10% compared with
0.1-0.4% in healthy children [3]. The highest rates of hos-
pitalisation occur in children under 4 years ofage [1].

* Disclaimer: Therc was no sponsorship provided from industry f'or this
study. Helen Marshall and Don Roberton have been co-invcstigators for
scvcral industry sponsored vaccine studics

* Corresponding author. Tcl.: +61 8 81 61 8 1 15; fax: +61 8 8 161 703 l.
E-mail address : helcn marshall@adelaide.edu.au (H. Marshall).

0264-410ñg see front mattcr O 2005 Elsevier Ltd. All rights rcserved.

doi:1 0. I 01 6/j.vaccine.2005.05.033

Although varicella vaccine was approved in Australia for
use in children from l2 months of age by the National Health
and Medical Research Council (NHMRC) in 2000 l4l, rec-
ommendation for use of the vaccine and incorporation into
the Australian Standard Vaccination Schedule (ASVS) only
occurred in September 2003 [5 ]. However, Government fu nd-
ing for the vaccine has not been provided and purchase ofthe
vaccine is at parental expense.

InAustralia, varicellavaccine uptake has been slow, result-
ing in incomplete coverage compared to Federally funded
vaccines. According to data from the Australian Childhood
Immunisation Register (ACIR, 2004),91.2Yo of South Aus-
tralian children have received the Federally funded vaccines
included on the National Immunisaton Program by 12 months
of age; 92%o have received DTP a, 91.8%o have received polio,
95.1o/o have received Haemophilus influenzae and 95.4Y"

have received Hepatitis B vaccine. By 2 years of age 94.3o/o
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of children have received the Federally funded measles,

mulnps, rubella vaccine. Ideally, a coverage rate sirnilar to

that achieved with funded vaccines should be attainable once

varicella vaccine becomes funded. Previous estimates of vari-
cella vaccine coverage in Australia have relied on ACIR
data and sales figures from distribution of vaeeines nation-
ally. An annual uptake of approximately 8Y" in children I - 4
years ofage has been calculated from South Australian sales

figures of Varilrix@ vaccine in 2003 (GlaxoSmithKline Aus-
tralia (GSK)). Comparable data from the ACIR suggest a

4.5Yo uptake in this age group in 2003 and a 6%o uptake

during 2004. However, estimation of coverage from ACIR
data is likely to be inaccurate due to underreporting. Gen-

eral Practitioner (GP) incentive payments require notificatton
of adrninistlation of funded vaccines to the ACIR. As vari-
cella is not yet funded there is less incentive for notification
by GPs.

The cost of varicella vaccine is an obvious deterrent at

$50.00 to $75.00 per dose. Concem about perceived side

effects may also contribute to low uptake of the vaccine [6]. A
partially immunised community is of concem because of the

induced changes in epidemiology of the disease [7]. When
only a proportion of the population is immunised there is
less contact with wild type infection in infancy and early

childhood. While varicella continues to spread within the

community, there is a higher risk of developing the disease

at an older age when the disease is more serious and more

costly to the community [8- 12].

A high coverage rate in the population (at least 75Yo)has
many benefits ineluding a significant reduction in exposure

to disease and potentially a reduction in the incidence of
herpes zoster later in life [13-15]. Since the introduction
of routine varicella-zoster vaccination in the United States

of America (USA) in 1995, active surveillance of varicella
in three communities has shown a decline of over 70o/o ín

reported cases and a significant decline in hospitalisation for
varicella associated invasive Group A Streptococcal infec-
tion [6-19]. As the vaccine strain of varicella virus is

expected to cause herpes zoster less frequently than wild type

infeetion, not only varicella, but also herpes zoster could ulti
mately be eliminated once a high coverage rate is achieved

t141.
Investigation of parental attitudes to varicella immunisa-

tion may help to explain why varicella vaccine uptake remains

low despite inclusion in the ASVS. Although statistics
indicate a growing awareness of the significant morbidity,
mortality and escalating health care costs associated with
complications of varicella disease, many parents choose

not to have their children immunised [20]. Freeman et al.

established that information about the vaccine and the rec-

ommendation of providers ale important in detenlining a

parent's decision about the vaccine for their child [6]. A
study conducted in Hawaii (2001) demonstrated that lack
of knowledge about the disease and the vaccine (25% of
parents interviewed) was a significant factor in parents' deci-

sions whether or not to have their child immunised [20].

H. Marshall et al. / Vaccine 23 (2005) 5389-5397

However, studies examining parents' and providers' atti-
tudes in the USA have less relevance to the Australian
context as the vaccine is provided free for children cov-

ered by the Vaccines for Children Program in the USA.
Vy'hen considering a national vaccination program to increase

eoverage for a vaccine it is important to consider rea-

sons why parents decide whether or not to immunise their
children.

2. Methods

A cross sectional study was conducted using a telephone

survey of randomiy seiecte<i househoids in South Austraiia
(SA). The survey was performed as part of the 'Health Moni-
tor' program through the Population Research and Outcomes
Stutiies Unii, Deparhrrcri uf Heaiilt, iii SA [21]. Tlie i'ati-

dom sample was based on the South Australian Electronic
White Pages (E'WP) telephone listings of households in SA,

both city and rural. Only one interview per household was

conducted. An adult, 18 years or older at the last birthday,
was selected for an interview, and answered questions for all
the children in the household aged less than 18 years. Inter-
views were conducted using the CATI (Computer Assisted
Telephone Interviewing) methodology during which data

obtained were entered from the interviewer's screen to the

computer database. Three thousand, four hundred households

were randomly selected from a total of 591,373 households

in South Australia (Australian Bureau of Statistics (ABS),
2001 census). A pilot study of 50 randomly selected house-

holds was conducted in May 2004 to test question formats

and sequence.

The survey was conducted to estirnate the number of
children 0-17 years of age who have been immunised
with varicella vaccine from a random sample of children in
metropolitan and rural SA. Information was then obtained
to determine the main reasons why caregivers choose not to
have their child immunised against varicella. Caregivers were
asked whether their child had previously developed varicella
infection and ifthey had received a varicella vaccine. House-
hold contacts who responded "yes" to immunisation with
varicella vaccine were then asked to provide the main reason

why they had decided to have their child immunised. House-

hold contacts who gave a "no" response to varicella immuni-
sation were asked to provide the main reason why they had

decided not to have their child immunised. These questions

were posed as open-ended questions for each child in the

household.
The survey data were weighted to the age, sex and geo-

graphical area profile of the population of South Australia
and the probability of selection within a household. This
methodology ensured that survey findings were applicable to

the South Australian population as a whole. Individual data

were weighted by the inverse of the individual's probabil-
ity of selection and then reweighted to benchmarks derived
from the ABS Estimated Resident Population for 30 June



2002 for SA. For questions regarding households rather than
individuals, records were weighted by the inverse proba-
bility of the selection of the household then reweighted to
benchmarks derived from the ABS 2001 Census of Pop-
ulation and Housing for occupied private dwellings by
location [21].

The SEIFA (Socio Economic Index For Areas), 'Index of
Relative Socioeconomic Disadvantage' was used as a mea-
sure of socio-economic status. The SEIFA index represents
quartiles of socio-economic status by residential post-code
based on income and educational attainment in the Australian
population [22].

Statistical analyses were performed using the Stata com-
puter package, using routines specifically designed to analyse
clustered, weighted survey data 1231. Estimates of population
percentages with95% confidence intervals (95% Cl) are pre-
sented.

The study protocol was reviewed and approved by the
Women's and Children's Hospital Research Ethics Commit-
tee, Adelaide, South Australia.

3. Results

3. L Health monitor survey

From 3400 telephone numbers selected, 621 could not be

contacted or were not household numbers. From the remain-
ing2779 numbers, 2002 ifiewiews were conducted in June

2004, with a participationraie of 72%o (Table 1).

3.2. Description of study sample (raw data)

Six hundred and thirteen of the households interviewed
contained children in the study age range of 0-17 years.

These 613 households contained 1148 children, with a range

Tablc 1

Household participation rate

Study population Household
participants

Initial Sample

Reasons for sample Ioss

Non rcsidcntial numbcrs
Tclstra mcssagc/disconncctcd
Fax,/modem

Contact could not be established after tcn calls
Remaining sample

Non responders

Refusal (not interested./too busy)
Unable to speak English
Illncss/headng impaired
Tcrminatcd intcrvicw
Respondcnt unavailable for duration of suwey
Total intewiews
Households with children

3400
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of 1-7 children per household. In households interviewed,
21.2% (compared to 23.5%o of children in South Australia,
Australian Bureau of Statistics (ABS) 2004) were children
aged 0-4 years(n:242),32y, (compared to24.60/o of chil-
dren in South Australia, ABS 2004) were children aged 5 - 9
years(n:366),3|y" (compared to 25.7Yoof chlldren in South
Australia, ABS 2004) were children aged l0-14 years of
age (n:355) and 15.8% (compared to 26.20/" of children
in South Australia, ABS, 2004) were children aged l5- 17

years of age (n:181). Age was not specified for four chil-
dren. The study sample included 576 male and 572 female
children.

Household demographic details were obtained. The
median age of the household interviewee was 40.5 years with
a range of l8-76 years compared to a median age of 38.5
years in the South Australia population. Contacts interviewed
included 268 males (43.7%o ofthe study population compared
to 49Yo of the South Australian population, ABS 2004) and
345 females (56.3% of the study population compared to 5 1%

of the South Australian population, ABS 2004). Sixty-nine
percent (n:423) of households were situated in metropolitan
Adelaide (compared to73.3%o of the SouthAustralianpopu-
lation, ABS 2004) and 3l% (n:190) were rural residences
(compared to 26.1%ofthe South Australian population, ABS
2004).

3.3. Description of weighted data

Weighting'was performed on the raw data collected from
the 613 randomly selected households in the Health Mon-
itor Survey. Including sampling weights in the analysis of
the study population provides estimates that are unbiased
in relation to the total population of SA. There was a near
equal proportion of males (49%) and females (51%) within
weighted households (n:686). The study results are based
on a weighted survey sample of 636 males and 641 females
(n:1277) between the ages of 0 and 17 years (Table 2).

Almost 90o/o of caregivers interviewed in the weighted sam-
ple were the mother (44.4%), the father (40.3%), step parent
(3.0%) or foster parent (0.5%) of the children in the house-
hold. Other household contacts included an older sibling
(8.8%) or grandparent (2.1%) and the remaining 0.3% was
classified as "other" contact.

3.4. Varicella infection

Almost 14%(95%C19.7,19.6) of children inthe youngest

age group (0-4 years) had a history of clinically appar-

ent varicella infection and by 15-18 years of age this had

increased to 81.1% (95% u 73.6, 86.8) (Table 3). These
dala are supported by the literature, which suggests '75o/" of
children will have contracted varicella by the age of l2 years

13,241. Caregivers were asked to report if the infection had
been diagnosed by a doctor. Six hundred out of a total of 680
(88.2%) children \Mere reported to have been reviewed by a

doctor and varicella infection confirmed.

95

296
l7

213
2779

485

83

98

5

106

2002
613
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Tablc 2

Household demographics (n = 686 wcightcd data)

H. Marslnll et al. / Vaccine 23 (2005) 5389 5397

Houschold charactcristics Catcgory Number of
rcspondcnts

Proportion of
rcspondcnts
(%)

Agc of respondent (l 0-year intewals), n = 686

Gendcr, n = 686

Socio-economic status Post-code (SEIFA index of disadvantage)

measurcd in quartiles, l = 684

Highest cducational qualification of intcrvicwcc, n : 686

Location of Rcsidential Address, n = 686

Houschold Incomc, n: 624

Country of birth, r¡:686

Nurnbcr of childrcn in household , n: 686

18 -24 ycarc

25 34years
35 - 44 ycars

45 - 54 years

55 - 64 ycars
>65 ycars

Malc
Fcmalc

I st quartile (lowcst socio-cconomic group)

2nd quartile

3rd quartilc
4th quafile (highest socio-econornic group)

Secondary school
Trade

Bachclor degrce

Metropolitan
Rural

0 $20,000
$20,000 - $60,000
$60,000 $80,000
>$80,000

Australia
UK
Othcr

80

t59
289
142

ll
5

Í;7
23.2

42.1

20.1

t.6
0.7

336
350

49-0

5 t.0

l9r

312
229

145

562
68

s6

27.9

152

139

202

22.2
20.3

29.5

45.5

33.4

2I.t

s00

186

72-9

27.t

3l
27s

148

170

5.0

44 I

23.7

272

819
9.9

82

I

2

J

4

5

6

7

280
¿ to
9l
30

4

3

2

40.8

402
r 3.3

4.4

0.6

0.4

0.3

Nofe: Proportions for each houschold charactcristic may not add up to 100% due to rounding offigures to one decimal placc

Table 3

Varicclla infcction and varicclla immunisation wcightcd to the population (95% CI for proportions)

Agc groups Varicclla infection (%)
(es%a)

Varicella immunisation
(%) (es%cD

Varicella infection and

ímmunisation (%)
(es% cr)

No varicella infection,
no immunisation (%)
(es% ct)

Childrcn 9 rnoriths to 4 yeals of age (n:294)
<9 months
9 to <12 months
l2 to <l 8 months
I 8 uronths to <2 years

2 To 4 years

Total (children 9 months to 4 years)a

Childrcn 5- l7 ycars ofagc
59
l0- l4
15-18

Total (all childrcn)

0
(,

s (ls.e%) (s.e,36.2)
0

3s (17 9%) (t2.s,2s.0)

40 (t3 9%) (9 7, te 6)

226 (sg.t%) (51.8, 64.1)
2s4 (7s 0%) (68.3, 80.5)

160 (81.r%) (73.6, 8ó.8)

680 (56.r%) (sr,8, 60.4)

0

2 (22.7%) (s.s, se.8)
9 (30.0%) (r3.3, s4.5)

10 (s0 8%) (23.s,77 6)
e6 (st .8%) (42.6,60.e)

116 (48.0%) (3e.4, s67)

ts7 (44.8%) (37.8, s2.0)
n2 (36.7%) (30. r , 43 9)
6t (37 .t%) (28.7 ,46.2)

446 (42.0%) (37 .3 , 46.8)

0

0

t (4.2%) (0.6,25.1)
0

8 (3.e%) (1.7, 8.8)

e (3-t%) (1 4,6 s)

66 (16.6%) (12.1,22.3)
62 (17 .0%) (t2 8,22 3)
3J (ts.6%) (10.8,22.0)

170 (13.4%) (10.9, r6.4)

32(100%)
8 (77.0%) (40.3,e4.s)

t7 (s2.7%) (32.3,12.3)
t0 (40 7%) (te.2, 66 4)
60 (30.s%) (22.e,3e.2)

e4 (3 t e%) (2s .t , 3e .s)

s8 (t4 6%) (lo 7, 19.6)

33 (e t%) (s 4, t4.e)
8 (3.8%) (1.e,7.7)

t93 (t s3%) (t2.2, 19.0)

a Although the vaccine was previously rccommendcd from l2 months of agc and is currently recommendcd at l8 months of agc, it is liccnscd from 9 months
of age ACIR and study data confirm that it is being administercd from 9 months of agc by sornc practitioncrs in Austra'lia.
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3.5. Varicella immunisation

Reporting a history of varicella immunisation decreased

with increase in age ofchildren (Table 3). Forty-eight percent
(95% U 39.4, 56.7) of children 9 months to 4 years of age

had received varicella vaccine compared to 36.7%o (95% CI
30. l,43.9) ofadolescents 10 - l4 years ofage. The higher the
educational qualification the less likely the caregiver was to
have their child immunised against varicella infection (Wald
test for coefficient on educational qualification from a survey
weighted logistic regression model yields p:0.002). Forty-
eight percent of children (95% g 40.8, 55.4) reported by a
household contact who had completed secondary school were
immunised compared to 29.2%o of children (95% CI2l.6,
38.0) reported by a household contact who had obtained a

bachelor degree or equivalent. This finding was significant
for fathers (Xz zat -- 61 .289, p -- 0.004) reporting on history of
immunisation but not for mothers (¡2 26¡ : 12.827, p = A.g 3¡.
However, there was no association found between work sta-

tus of the interviewee, socio-economic status or household
income and uptake of varicella vaccine. No association was
identified between administration of the vaccine and the
child's gender or residential address, suggesting the vaccine
is readily accessible state-wide. Fourteen percent ofrespon-
ders did not know or could not remember whether or not
their child had received a varicella vaccine. A higher propor-
tion of responders from the lowest socio-economic quartile
reported a "do not know" response. However, there were no
other differences in characteristics ofthis group compared to
the study population.

Almost 53% (95% Cl 32.3, 72.3) of children aged 12

to <18 months of age and 4lYo (95% U 19.2, 66.4) of
child¡en aged 18 to <24 months were at risk of varicella
infection as they had no history of prior infection and had
not been immunised. The proportion of children at risk
decreased with age as there were a higher proportion of

Table 4

Rcasons why children wcre not immuniscd with varìcclla vaccine (weìghtcd to the population)

s393

children with wild type varicella immunity amongst older
children.

3.6. Reasons why caregivers chose not to have their
child immunised with varicella vaccine

Caregivers who answered "no" to their child receiving
varicella vaccine were asked "what was your main reason for
not immunising (him/her) against chicken pox infection?"
as an open-ended question. Although caregivers were asked
to provide a single response,8.0o% of responders were only
able to provide multiple responses. As respondents giving
multiple responses did not fulfrl the study criteria of pro-
viding the main reason for not immunising their child, they
were excluded from this analysis. There were no statisti-
cally significant differences in gender, age or socio-economic
status between the groups that provided single or multiple
responses. The main reason reported was previous varicella
infection (Table 4). If children with previous infection were
excluded, 20.1% of the remaining responses included a lack
of knowledge that a vaccine is available to prevent vari-
cella. A similar proportion , 19 .2yo, reported they did not have
their child immunised because the vaccine is not included on
the childhood immunisation schedule. In combination, these

two categories accounted for nearly 40Yo of the responses.

The third most common reason provided was the cost of
the vaccine (14J%). Immunisation had been delayed but
was planned for I 1.8% of these children and 10.5o/" reported
unavailability of the vaccine when their child received routine
childhood immunisations. Only 4.2Yo deferr ed immunisation
due to concern about side effects ofthe vaccine.

There was no significant association found between age

or relationship of interviewee, highest educational qualifi-
cation obtained or household income for the main reasons

provided for failure to immunise a child. A signifrcant asso-

ciation was found (y236¡:23.538, p:0.049) between cost

Main reasons why childrcn arc not immunised with varicella
vaccine (n:513)

Number of
f9sponscs

95% CI Proportion ofall
rcsponses (%)

95% CT

Previous chickcn pox infcction
Unaware chickcn pox vaccine availablc
Chicken pox vaccine not included on the childhood schcdulc
Cost
Planncd but delaycd immunisation against chicken pox

Vaccinc unavailablc at timc childhood vaccinations given

Child rcportcd to be too young to rcccivc vaccinc
Concem about side effects following immunisation
Anti-immunisation (in general)

Chicken pox infcction considered a mild disease/no concem
Preferred child developcd imrnunity from natural infcction
Partner's responsibility

Chickcn pox vaccinc not offcrotl
Chicken pox vaccine is incffcctivc
Vaccine may cause chicken pox infection
No reason

Do not know/cannot rcmember

t77
61

60

46
3'7

JJ

23

l2
6

6

5

4

3

2

I
15

20

(143.6,210.7)
(36.4, 88.e)
(37 .4,82 7)
(19.0,72.1)
(19.0,51.9)
(t7.e,47.t)
(r0.3,3s.0)
(2.6,20.4)
(0.8, r r 6)
(0,12.4)
(0, r 1.6)

(0, l 1.9)

(0,7.1)
(0, s.0)
(0,3 0)
(3 4,2s.6)
(7.9, 30.0)

(28.7,41.3)
(8.2, r8.l)
(8.0, 16.9)

(5.1,15.3)
(4.4,10.9)
(4 0,9.9)
(2.s,7.6)
(r.0,4.e)
(0.s, 2 9)
(0.s,2.9)
(0.3, 3.3)
(0.l, s.4)
(0 2,2.0)
(0.1, r 6)
(0, 1.4)

(1.3, 6.0)
(2 t ,6.6)

34.5

12.3

11.'7

8.9

7.2

6.4

4.5

2.3

1.2

1.2

1.0

0.8

0.6
0.4

0.2

2.9

3.9
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Tal¡lc 5

Rcasons why childrcn wcre immunised with varicclla vaccinc (.,ryeighted to thc population)

Main rcasons why childrcn wcrc imnruniscd with
varicclla vaccinc (l =408)

Nurnbcr of
rcsponscs

95% CI Proportion ofall
rcsponscs (%)

95% CI

Conccrn about acquiring varicclla infcction
Rccommended on vaccination schcdule
Doctor rccommcndcd thc vaccinc
Pro-ir¡rnunisation in gcncral

SchooVchildcare recommended vaccinc
Concem about transmitting infection to othcrs
Contact with an infcctcd child
Other
No reason

Cannot rccall/do uot know

268
44
25

l9
6

4

J

ll
8

20

(225.1,310 0)
(27.8,60.6)
(t2 6,38 2)
(8.4, 29.0)
(0, r 3.6)
(0, l 1.4)

(0, 5.7)
(1.2, r 8.s)
(0.r, rs.0)
(3.1,32.2)

6s7
10.8

6.1

47
l5
1.0

07
2.7

2.0

4.9

(s8.3,72.3)
(7 4, ts.7)
(3.8,10.2)
(2,6,8,0)
(0 3, s.6)
(0.2, 5.5)
(0. r, 2.s)
(0.8,4 2)
(0.7 , 4.e)
(r 9,9.6)

of the vaccine as the main reason for not immunising a child
^-) ^^^:^ ^^^-^-^;^ ^.^..-^ ^-l-. ^ 

-î/ /^aO/ ît 1 ¿ 11n\ ^f4llu suuru-ruurIUrIllu ùL4luù. vlrry T. t /o \7J /o ul l.u, t L.7 ) vt
respondents in the highest socio-economic quartile compared
Io 15.3Yo (95% U 7.6,28.5) in the second quartile (low to
rniddle socio-econornic status) cited cost as the reason for
not complying v/ith recommendations. There was also a sig-
nifi cant association (X2 e¿r 

: 54.240, p : 0.043) between cost
and the number of children in the family. Only 4.0% (95%
CI 1.5, I 1.2) of interviewees with one child nominated cost
as the main concern compared to 13.6Yo (95% U 6.0,27 .8)

of families with three children and 52.0%o (95% Cl8.7 ,92.5)
of families with five children.

3.7. Reasons why caregivers clrcse to have their child
immunised with varicella vaccine

Caregivers who responded "yes" to previous varicella
immunisation vvere asked to provide the main reason for this
decision. Eight percent ofhousehold contacts were unable to
give a single response and were excluded frorn further anal-
ysis. The majority of earegivers (65.7%) had their children
immunised with varicella vaccine to prevent varicella infec-
tion (Table 5). Over lAo/" of caregivers chose to immunise
their children because the vaccine was included on the ASVS.
Schools and child care centres were active in recommending
the vaccine to parents. There was no significant associa-

tion between recognition that varicella vaccine is included
on the ASVS and socio-economic status, relationship of
interviewee to child or highest educational qualification
achieved by the interviewee. However, a significant associa-
tion (¡23¿¡: 19.980, p:0.008) was found between parental
concem about a child acquiring the infection and household
income. Twenty-eight percent (9 5Yo CI 1 1 . 1, 5 6.3) of respon-
ders in the lowest income group (<A$20,000) gave prevention
of disease as the main reason for immunising their child com-
pared to 75.8% (95% CI64.9,84.1) in the middle income
group (A$20,000- $60,000) and 53.0% (95% Cl39.1,67.1)
of interviewees in the high income group (>A$80,000). There
was no association found between gender of the interviewee,
highest educational qualifi cation achieved or socio-economic
status and concern about acquiring varicella infection.

Average annual uptake ofvaricella vaccine in South Aus-
¿-^ì:^ /^:-^^ 1n^^\ --.^^ ^^.:^^.^) ¿^ L^ t I 1o/ :- ^L:l)-^- ^^^)Lr 4lrd \ùllrLç ¿uut ,, w4ù EJLlllt4ttru tu u\t I I .J ,/o rrt urlrlurç1r dBçLt

9 months to 4 years of age, 10.5% in children 5-10 years
of age, 8.6Yo in children 1l -14 years of age and 8.1Y' in
adolescents l5- 18 years ofage.

4. Discussion

The results of this study justifl, concem that there is
inadequate varicella vaccine coverage in children in South
Australia. This is particularly evident in the 9 month to 4
years age group who have been targeted for immunisation
and who experience the highest rates of hospitalisation for
varicella infection [l]. Only 30% of infants 12- l8 months
of age, 50.8% of infants aged l8 months to 2 years and 51.8%
of 2-4-year olds have received a varicella vaccjne, which is
consistent with low to moderate coverage in the 2- -year
age group. Over 50% (52.1%) of susceptible children less

than 5 years of age have received a varicella vaccine com-
pared to 67.3"/" of susceptible children aged 5-9 years of
age and 78.8% of susceptible children l0-14 years of age.
As the risk of acquiring disease increases with age, the pro-
portion ofsusceptible children eligible for varicella vaccine
decreases (Table 3).

The estimated annual vaccine coverage in children 9
months to 4 years of age is higher than the uptake calculated
from vaccine sales in 2003. The difference observed might be

due to recall bias although the data obtained in the study pop-
ulation are more recent than the vaccine sales data provided
by GSK. This may also represent an increase in immuni-
sation since introduction of the vaccine onto the ASVS in
September 2003, as suggested by data from the ACIR. The
Commonwealth Serum Laboratories (CSL), the distributor of
VARIVAX@ (Merck & Co), have reported a l49o/o increase
in sales between 2003 and 2004 which is consistent with our
results.

The proportion of children in the study with a history
of varicella infection is consistent with previous estimates

13,241. A large majority of caregivers (88.2%) considered
the infection significant enough to visit a doctor, which coun-



ters the claim that parents consider chicken pox to be a mild
disease of little concern. Data on history of varicella may
be subject to recall bias. However, previous studies have

shown that a history of chicken pox infection from a par-

ent is a reliable measure of immunity because the rash frorn
varicella is so distinctive and sub clinical cases are unusual

13,251.
A substantial proportion ofchildren (up to I 7% depending

on age) were repofied as having had both varicella infection
and varicella vaccine administered. Several explanations are

possible. There was a significant association (X2 36¡-_32.049,
p:0.0005) between age of the child and a history of both
infection and vaccination, which is most likely due to the
increase in risk of acquiring varicella infection with increas-
ing age. Parental recall may not be as accurate for older chil-
dren as it is for younger children. Three household contacts
reported the main reason for their child receiving varicella
vaccine was "so she would not be so sick if she got it (vari-
cella infection) again" or "worried about getting it (varicella
infection) a second time". However, another possible expla-
nation for a history of ìnfection and vaccination is a mod-
erately high proportion of breakthrough cases of varicella
infection following immunisation with the vaccine. Overall,
seroconversion occurs in 90- 100% ofthose vaccinated and

about 70-900/o are protected when exposed subsequently to
infection within the household. Breakthrough infection after
exposure occurs at a rate of l-3o/o a year in those vacci-
nated, although these cases are usually mild [26-28]. In a

recent assessment ofa varicella outbreak in a school in Ore-
gon in the USA, the estimate of cases occurring in children
who had been vaccinated was 12% [291. A previous study
reported the risk of breakthrough varicella 5 - I 0 years after
immunisation was 18.6% [30]. In our cross-sectional study,
unfortunately v/e \Mere unable to determine whether immu-
nisation preceded the infection (because of limitations in the
questionnaire design).

There are no known published Australian data on rea-
sons why parents choose whether or not to immunise their
children against varicella infection. Studies elsewhere have

shown that in general, demographic background variables do

not affect parents' perceptions about the vaccine [20]. Studies
have been conducted in the USA, where uptake of the vac-
cine has been high, so a direct comparison is unreliable. In the
study conducted in Hawaii, USA, I lo/o of the children in the
sample had received the varicella vaccine [20]. The majority
of participants were not concemed about side effects from
the vaccine but were concemed about immunity waning over
time. Almost all the participants (96%) thought their child
would require a booster dose of varicella vaccine. The main
reasons reported in our study for not having children immu-
nised with varicella vaccine were related to lack of funding
and knowledge about the vaccine rather than concerns about
the vaccine or associated side effects. The three most com-
monly cited reasons (excluding previous varicella infection)
for not immunising a child were due to lack of knowledge
about the vaccine, lack of a\ryareness that the vaccine was
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included on the ASVS, and the cost of the vaccine. Most care-
givers identified prevention of disease as the primary reason
for immunising their child. Doctors have an important role
in advising and educating parents about the vaccine. Six per-

cent of interviewees reported that the main reason why their
children were immunised was due to a doctor's recommen-
dation. This response was particularly evident in the lower
socio-economic group.

The strength of this study is the large number of chil-
dren randomly sampled from the state of SA and weighted
to the population to improve the generalisability of the data.

This is a cross-sectional study and as such has limitations
in time measures including changing parental opinions. A
caregiver's response provided during the survey may be dif-
ferent from the original reason discussed at the time the child
was eligible for the immunisation. The telephone survey only
allowed inclusion of English speaking households due to
the impracticality of providing interpreters. As non-English
speaking households represent a group at risk of low immuni-
sation coverage, this group should be assessed using different
methodology.

Studies ofvaccination history are subject to recall bias. A
limitation of this sampling method is that the primary care
giver is not identified. Data provided by the primary care giver
may be less subject to recall bias. A history of varicella immu-
nisation status was compared between mother, father and all
interviewees as responders and an annual varicella vaccine
up-take calculated. The highest uptake reported by all house-

hold contacts occurred in the 9-month to 4-year-old age group
(11.3% annually) which was consistent with ACIR data and
reported consistently by both parents. A significant difference
in responses was identified in households where the mother

'was a responden| (7.0o/" annually) compared to households
in which the father was a respondent (l3.7Yo annually) for
children 15-18 years of age. This was also seen for chil-
dren 5-14 years ofage. This observed difference suggests

recall bias in the data for older children but not for young
children. These data demonstrate a higher varicella uptake

than data previously reported on the ACIR and by GSK. The
overall reported percentage ofchildren with a history ofinfec-
tion was consistent with previous studies [1,3]. V/e did not
attempt to confirm cases of varicella infection and previous
immunisation by examining medical or immunisation records

due to the large sample size and privacy concems. House-
holds randomly selected from listed telephone numbers may
lead to bias as households without a land-line telephone or
whose telephone numbers are not listed are excluded from
the population sample. In South Australia it is estimated that
3.2% ofhouseholds do not have a telephone. The indigenous
population, lower income households and the unemployed
who experience a high burden of disease are ovenepre-
sented in this group and therefore underrepresented in this
study.

The number of responders who reported themselves as

being "anti-immunisation in general" was relatively low
(1 .2%) and is consistent with previous literature [3 1 ].
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5. Conclusion

There is evidence that despite varicella vaccine being rec-
otnmerlded on tlle ASVS for almost a year, uptake of the

vaccine remains low in South Australia, and probably in Aus-
tralia as a whole. Irrtroduction of new vaccines to the ASVS
requires surveillance of both the uptake of the vaccine in
addition to careful surveillance of infection. In particular,
routine valicella irnrnunization has the potential to change

the epiderniology of the infection and close surveillance of
both uptake and disease is required. Administration of all
irnmunizations that are recommended and included on the

ASVS (whether or not they are funded) should be recorded
on the ALIK. ,q'ccurate vaccrne coverage data are essen-

tial in understanding the epidemiological impact of vaccine
programs.

n^_-_.i^_-_ . ^ _.^_-:^^tt^ :---_----_-:_^ri^-- ^_-^ .t-^ _.^^--t¿ ^f -- ^^-.DAil lçtù tu val tutrll¿t liluiluill5auuu alc ultr tuSult ul PUUI
knowledge about the vaccine and lack of funding. As the

vaccine is recommended but not yet funded, the vaccine is
incorrectly assessed by many parents as not being part of
the ASVS. Recommending the vaccine but not providing
funding gives "mixed messages" to immunisation providers
and to parents and caregivers. The number of parents who
were unaware that a varicella vaccine is available is of con-
cem and was reporled equally by mothers and fathers. The
study results reported here suggest that parents are not well
inforrned about the vaccine and parental education will need

to be a significant component of an irnproved irnmunisation
carnpaign to increase varicella coverage. However, the most
important consideration is likely to be provision of Govem-
mental funding for varicella vaccine. Our study data suggest

that once funding is provided a high coverage rate for vari-
cella vaccine can be achieved and a ubiquitous infectious
disease may be eliminated.
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Varicella immunisation pract¡ce: lmplications for provision of a
recommended, non-funded vaccine
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4Division of Health Sciences, University of Otago, Dunedin, New Zealand

Aim: ln Australia in 2003 a two-tiered immunisation schedule was introduced consisting of funded (National lmmunisation Program) and

nonJunded but recommended vaccines (Best Practice Schedule), including varicella vaccine. The aim of this study was to examine lmmunisation

practice when a vaccine is recommended but not funded by Government.

Methods: A su rvey was sent to ó00 rand om ly selected gen era I p ractition ers (G Ps) in South Au stralia between J u ne and August 2005, p rio r to
provision of Federal funding for varicella vaccine.

Results: Although varicella was considered an important disease to prevent by 89% of GPs, only 25% of GPs always discussed the non-funded

immunisation with parents at the time of a routine immunisation visit. Female GPs were more likely to discuss immunisation with recommended,

non-funded vaccines than male GPs. Those who were supportive of varicella prevention were more likely to discuss immunisation with the
non-funded vaccine GPs who always provided information about the disease were more likely to have parents accept their advice about varicella

vaccine162T%llhanthosewhoneverprovidedinformation(40%) GPsreportedparental refusal ofvaricellavaccinewasduetothecostand
perception that varicella is a mild disease
Conclusions: Theresultsofthisstudyshowedvariabilityinprescribingpracticesforanon-fundedvaccine Recommendingavaccinewithout
provision of funding may lead to 'mixed messages' for immunisation providers and parents with resultant low coverage. Funding a vaccine is

likely to reduce variability in provision of the vaccine and improve coverage in the community

Key words: education; general paediatrics; immunisation; infectious disease.

Although generally varicella is a mild infection, there are

approximately 1500 hospitalisations and l0-20 deaths from
varicella or related complications each year in Australia.r'2
To immunocompromised individuals up To 360/o develop dis-

seminated disease.r The cost oT varicella to the community is

considerable not only for medical opinion and hospitalisations

Key Points

1 Recommending a vaccine without providing funding is likely to
result in low coverage.

2 Funding-recommended vaccines improves equity of access and

reduces variability in approach to provision and promotion of
the vaccine in the community.

3 Provision of information about the preventable disease and

specific information about the vaccine is more likely to result in

acceptance of the immunisation by the parent as reported by

GPs.
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but for time taken off work by parents to look after infected
children and subsequent infection in siblings and occasionally
parents.a'5

In Australia, despite recent provision of funding for variceìla
immunisation at l8 months of age, varicella vaccine uptake has

been slower than expected, resulting in incomplete coverage.a'u

A partially immunised community is of concern because of the
possibility of induced changes in epidemioÌogy of varicelÌa dis-

ease.7 If a proportion of the population is immunised, there is
less contact with wild-type varicella in childhood with a higher
risk of developing the disease at an older age when the disease

is more serious and more costly to the community.tsll If vari-
cella vaccine immunisation rates remain low, the number of
children who become susceptible adults will increase, and these

susceptible adults will be more likely to contract varicella from
the cohort of unimmunised children.

Accurate estimates of varicella vaccination coverage in Aus-
tralia are not available as recording of varicelÌa vaccination on
the Austraìian ChiÌdhood Immunisation Register (ACIR) is not
yet linked to irrìmunisation provider incentive payments. A high
coverage rate in the population (at Ìeast 75"/"\ }'as many ben-
efits, including a signiflcant reduction in exposure to disease

and potentially a reduction in the incidence of herpes zoster

Ìater in life.r2-r4 Modelling has also suggested the possibility of a
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telrìporary inc¡ease in varicella at an older age witìr higìr cov-

erage in children, although this has not been demonstrated with
exparrded use of the vaccine.T

Although variceÌìa vaccine was approved for use ancl recom-
mended by tlìe National HeaÌth and Medical Research Council
for children from 12lnontlìs of ag,e in 2000, it was not until I
November 2005 that Federal fnnding for provision of lhe
vaccine at l8 months of age was established.r5'r('In March 2005

the Minister for Heaìth arrnounced that Corrmonwealth
funding for varicella vaccine at l8 months of age with a catch-

lup vaccination (no plevious varicella) for children between l0
and l3 years would be provided under the Natiol-ral Inrnunisa-
tion Program in response to recommendations made in January
2005 by the Technical Advisory Group on Irnmunisalion.

Tìre survey, which lorms the basis of this report, \¡r'as coll-
ducted in June 2005, prior to provision ol Federal funding for
varicella vaccine in the National Immunisation Program, and

-- ^.,-,--1,, .,t,.,'-,.--l ^-.-riii,,,'.,- /-O\ .'-,',.1 -
lLl,¡\ JL¡ltJ q¡¡ l^<'l¡¡|,¡l U¡ ól¡'L¡q¡ \v¡ / UJL \,1 q

vaccine that is reconmended but not funded by governrnent.
This survey assessed GP attiludes to and varjability in prescrib-
ing a recor-nrnenderi, non-funded vaccine.

Methods

General practitioners were randornly selected from the Austra-
lian Medical Ptrblishing Cornpany (AMPCo) database. This data-

base contains a near cornplete ìist (98.4%) of registered and
practjsing GPs in nretloPolitan ard ruraÌ South Australia (2001).
As our survey sought answers to severaì questiorls, we based

our sarlpÌe size on tìre proportion to be estir¡ated witìr the
l-righest variance (i.e. 0.5), whicìr leads to a corservative (i.e.

larger) sample slze.'Ib estimate such a proportion with sampling
error of 0.05, and allowir-rg for a finite population correction,
required approximately 300 GPs to be surveyed. Assuming a

qnestionnaire return rate oÏ 50o/o, the questionnaire was sent to
600 randonly selected GPs.

A pilot study of 50 GPs was conducted in April 2005 to test
question formats and sequence. GPs were asked to provide
written cornment on the questionnaire, but no concerns or
queries were raised by GPs involvcd in the pilot study. The
questionìlaire was initially mailed in June 2005, with a

follow-up questionlìaire sent to GPs who had not responded by
ó weeks post mail-olrt.

The survey questions were aligned to key messages about
the use of non-funded recommended vaccines using varicella
vaccine as an example. The questionnaire was designed in a

brief double-sided, one-page format with l4 immunisation
qrìestiors ancl six demographic questions. Demographic charac-

teristics inclucled GP gender, year of gracluation, practice post-

code (the name of the practitioner was not recorded to ensure

anonymity of responses), average number ol appointments per
week, nnmber of childhood immunisations completed each

week and number of varicella irnmunisations administered per
nonth. Information was obtained to assess factors that may
contribute to prescription of a recorlmended but non-funded
vaccine, including concerns about severity of disease or adve¡se

events related to the vaccine. Questions relating to number of
sessions or number r¡l immunisatlons were answered by selec-

tion of ordinal categories numbered l-5. The Likert scale (five

H Marshall et oi

categories) was used to assess GP responses to questions about
disease severity, while provision of information to parellts was
assessed nsing a ïonr-category scale: always, lrequently, some-
times, ìrever. Statistical analyses were perforrned using tììe Stata

col-nplìter package.rT Statistical tests were two-tailed using a

sigrlificance level of 57o. Associations between variables were
sougìrt using a 12-test.

The study protocol was approved by the Children, Youth and
Women's Health Service Research Ethics Coìrmittee, Adelaide,
South Austraìia, and the study was conclucted in accordance
with the Declaration of Helsinki.

Results

GP survey populat¡on

A r-eturn rate of 537o with 90% evaltrable respoìrses was acconì-
plished with the two l¡ail-outs 1o GP practices (Fig. 1). The
responses from 285 GPs from rretropolitan and rural Soutl-r

Australia are presented.

There were 169 (59.7%l male GPs who completed the
survey and lO8 ()8.2%\ female GPs (2 l% gender not pro-
vided). In Austraìia, 65V. of practising prirnary care physicians

are rnale and 75"/o are female.rt The nnnber of years sÍnce

gradì.ration ranged from 6 fo 59 years with a mean of
27.9 years (95% U 22.8-25,11 and a median o1 2l years (95ok

CI 19-231 (Table l). There was a difference in gender for years

sirrce graduation with a rnean of 24 years (95% U 22.5-25.81
fcrr nale GPs compared with l8.5 years (95"/. CI 16.8-20.5)
for female GPs. The highest proportion of practitioners
(42.8%l was from practices seeing at ìeast 120 patieuts per
week. The return sample of GPs was representative of GPs

from botìr rnetropolitan and rural divisions with sirnilar pr-o-

portions of GPs lrom each division in the letnrned and non-
returned groups (Fig. l).

Ttvo hundred and eight (75.6%) GPs practised in rretropoli-
tan Adelajde and 67 (24.4%) practised in rural South Australia.
In Australia, 73"/" t'¡| GPs work in nretropolitan ¡rractices and
27o/" itt rural locations.ló

Administration of var¡cella vacc¡ne

Seventy per cent of GPs reported administration of at least one
varicella vaccine pcr month. The higher the number of pae-

diatric consultations performed, the greater the number of
varicelìa vaccine doses administered (12s,r r = 45.O76, P <
0.001) (Fig.2). GPs who had recerìtly graduated (<20 years

since graduation) were more likely to provicle varicella
vaccine, with a decrease in proportion of GPs administering
the vaccine as yeals since graduation increased (Fig.3). The
score test for the trend in odds of giving varicella versus no
varicella with increasing number of years since graduation
yielded X2n¡ = 4.16, P < 0.041. The decreasing trend in vac-
cination with increasing years since graduation persisted rvhen
adjusted for the ntrmber of paediatric consuìtations per week.
GPs who gave fewer routine chilclhood immunisations per
week were less likely to administe¡ varicella vaccine (Xttot =
64.45J, P < 0.001).
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Fig. l Study profile including distribution of

responses from metropolitan and rural South

Australia AMPCo database, Australian Med¡cal

Publishing Company database; cq general

practi tioner

Table 1 GP demographics

lmplications for a non-funded vaccine

Divisions of general practice

Southem
\{estern
Northem
North-eastern
Central/eastern
Rural

42.9 o/o

s0.0%
sr.4%
53.7 %
61.4%
4r.7 %

Divisions of general practlce

Southern
'Westem

Northern
North-eastem
Central/eastem
Rural

s7.t %
50.0 Yo

48.6 yo

46.3 %
38.6%
s8.3 %

Ineligible n:33
10 GPs recently retired
2 GPs recently deceased
21 incorrect address

Eligible n:285

I I't mail out n : I 80]

[2nd mail out n: 105]

Questionnaires not returned
n:282

Retumed questionnaires
n:318

Letter sent to randomly
selected GPs: r:600

AMPCo database: n: 1825

GP demographics category Number ol respondents Proportion of respondenls (%)

Yea rs since graduation (1 O-year intervalsl ln = 2771, yeaß

Gender ln -- 2771

Location of GP practice ln = 2751

1-l0
11-20
21-30
31-40
41 -50
51 -ó0
Male

Female

Metropolitan

Rural

Large rural centre

Small rural centre
other rural area

Remote

z5

90

84

64

14

2

169

108

208

83
325
303
23 1

51
07

ó1 1

389
756
244
07
62

17 1

04

2

17

47

1

Proportions for each GP characteristic may not add up to 100U because of rounding of ñgures to one decimal place. GP, general practitioner

Prevention of infection by vaccination

li

VariceÌla was considered an important disease to prevent by
89.30/" of GPs, with a smali but not significant difference
detected between male (87%) and female (93.5%l GPs. A
gender difference was identifled in recommending non-funded

Journal of Paediatrics and Child Health 45 (2OOg) 297-303
@ 2009-the Authors

vaccines, such as varicella vaccine to patients at a routine
immunisation visit (f2r,rr = 8.7863, P = O.032). Twenty
per cent of male GPs compared with 34.6% of female
GPs always discussed immunisation with recommended
but non-funded vaccines at a routine immunisation
visit.
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1-10 11-20 21-30 31-40
Number of paediatric consultations (per week)

>40

Fig. 2 Proportion of GPs who administer varicella vaccine (per month) by

number of paediatric consultations per week GP, general practitioner.
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Table 2 Reasons for parents to decline varicella immun¡sation as

reported by GPs

Category ln = 2781 Number and proport¡on

of GPs who identified

reason for parents to

decline varicella

¡mmun¡sation

100

90

80

70

40

30

20

10

0

Cost

Varicella considered a mild disease

Already too many vaccines/injections

Prefer natural immunity

Concern about side effects of the vaccine

Varicella prevent¡on considered a low priorily
Not routine/not funded

Prev¡ous varicella infection

Concern about long-term eflectiveness

Other

196

46

20

15

11

9

5

5

3

I

705
1ó.5

7.2

54
40
32
1,8

18
11

2.9
oc

o
o
ñ
oc
d)o
o
E
o
Ë
oo
I
fI

Total number (n = 318) and proportion >100X as multiple reasons were

provided by some GPs GP, general practitioner.

to provide parents with information about the disease (X'.0, =
9.161, P = O.O27\.

Fig. 3 Proportion of cPs who administer varicella vaccine (per month) by

years since graduation GP, general practitioner

A minority of GPs (9.2%) identified concerns about adverse
events related to varicella vaccine, including long-term effec-

tiveness and safety of the vaccine and the potential for clevel-
opment of herpes zoster.

Parental acceptance of adv¡ce for immunisation
w¡th a recommended, non-funded vaccine

A minority of GPs (2.2"/" (n = e)\ agreed that patients always
accept their advice, 50.57o (n -- l4O) agreed that parents fre-
quently accepted their advice and 45.9o/o (n = l27l and l.4o/",

respectively, agreecl they sonìetimes or never accepted their
advice. Recent graduates reported more success with parental
acceptance of advice \60.7%l than less recent graduates

(48.4o/ol (X'.0, = 14.630, P = 0.002).
Twenty-eight per cent of GPs who considered varicella an

important disease to prevent always discussed immunisation
with non-funded vaccines at a routine immunisation visit, com-
pared with l0% of GPs who were not concerned about the
disease. GPs who considered variceìla an important disease to
prevent were more likely to discuss immunisation with recom-
mended but non-funded vaccines (Xt.o, = 8.612, P = 0.035) and

Provision of information to parents about
non-fundedt recommended vacc¡nes and vacc¡ne
preventable diseases

TWenty-four per cent of GPs indicated they always provided
detailed info¡mation about the preventable disease, )6.7 %
frequently provided information, 31.37o sometimes provided
info¡mation and 7 .6"/" never provided information. Among GPs

who considered varicella an important disease to prevent,
26.8"/" always provided information compared wifh 6.7o/o of
GPs who were n()t conccrned. GPs who always provìded infor-
mation about the preventable disease were more likely to repoft
parents acceþting their advice about vaccination with varicella
vaccine (62.7o/ol than those who never provided information
(4O.O%\ about the disease (P = 0.0ó5).

Forty per cent of GPs always provided specific information to
parents about the vaccine/s they are about to administer and
2.9"/o never provided speciflc information about the vaccine/s.

GPs who always provided inïormation were more likely to
report parents accepting their advice about varicella vaccination
(y2:^,=7.8299, P = 0.050); 6o.90/o ol parents compared with
28.ó7o whose GP never provided information.

According 1o the GPs surveyed, the most common reasons for
parents to decline varicella immunisation were cost and the
perception that varicelìa is a mild disease (Table 2).

Australian Childhood lmmunisation
Register not¡ficet¡on

Over 7O"/o of GPs surveyed, (71.2o/o; n = I93l always reported
varicella vaccination to the ACIR, a further 1O.7"/" (n = 29)

Journal of Paediatr¡cs and Ch¡ld Health 45 l2OO9l 297-303
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reported varicella vaccination frequently, 5.5"/" (n = Ì5) re-
ported sometimes and 12.ó% (rr = 34ìl never repofed varicella
vaccination. Femâle GPs were more likely to report varicella
vaccination to the ACIR (77.7%l than male GPs (67.3ok) (X2t¡

-- 7.954, P = O.O47\.

Univariate analysis identified factors signiflcantly associated

with GPs' provision of varicella vaccine. These included GPs'

concerns about severity of disease, number of paediatric con-
sultations, number of immunisations given per month and years

since graduation. Multivariate analysis confirmed that the
number oï paediatric consultations per month and gender (oR

= 1.7 ); 9 5'fo Cl 1.37 -2.I 8; P < 0.00 I ) were predictors of whether
or not a GP prescribed varicella vaccine (OR = 1.99; 95"k Cl
l.ll-3.56; P = 0.O21), where female GPs and increasing number
of paediatric consultations resulted in increased provision of
varicella. When the model was adjusted for number of paediat-

ric consultations, gender became an important predictor of
variceììa use.

Discussion

Our survey of 285 randomly selected South Australian GPs

found that there is variability in GP prescribing practices for
non-Tunded vaccines such as varicella vaccine.

Although the number of paediatric consuhations by a GP

appeared to be strongly associated with provision of a non-
funded vaccine to children at routine immunisation visits, other
factors were important in acceptance by parents, including pro-
vision of information about the vaccine and the preventable

disease.

The difference in vaccine use demonstrated for GPs'paediatric
experience and years since graduation is possibly due to recent
graduates having received more intensive teaching and training
on immunisation, including the newer vaccines as an important
aspect of preventive health care. Female GPs were more likely to
discuss non-funded vaccines with their patients. This may have

been due to the younger age of female GPs returning question-
naires or possibly due to longer time spent in consuìtation with
a patient compared with consultation time with a male GP.r8're

Female GPs were also more likely to record varicella immuni-
sation on the ACIR, suggesting that female GPs may be more
conscientious and therefore more likely to discuss non-funded
vaccines with their patients.

Discussion about non-funded vaccines requires additional
time and assessment and may be given less priority than discus-

sion about funded vaccines by GPs because of less emphasis

from state immunisation authorities. Recommending a vaccine

without providing funding may result in variability in recom-
mendations to parents from GPs and GP judgement of parental

affordability of the vaccine. Our study suggests that when
parents are provided with information about the vaccine, they
are more likely to accept their GP's recommendation as reported
by GPs. Provision of information about the vaccine is likely to
instil confidence in parents that an informed decision has been

made to have their child immunised. Provision of a fact sheet

summarising information about the vaccine preventable disease

and the vaccine at the time of patient booking could improve
the decision-making process for the parent without impacting
significantly on consultation time'.20

Journal of Paediatrics and Child Health 45 l20jq) 297-303
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Reasons cited by GPs for parents not accepting varicella
immunisation, including cost and the perception that variceÌla is

a mild disease, were similar to reasons cited by household con-
tacts in a community survey conducted in 2003.4

GPs surveyed identified reasons they had not prescribed vari-
cella vaccine. Although the majority of these reasons were jus-
tified, reasons reported, such as the child having an egg aìlergy
or the child's mother being pregnant, are not contraindications.
Provision of brief and accurate information about new vaccines

to GPs who are time pressured is likeìy 1o improve recommen-
dation of the vaccine.

Attempts to estimate varicella vaccine coverage prior to
funding of the vaccine have suggested low coverage, and rnore
recent data suggest coverage in Australia remains inadequate
since funding was introduced (74.8 T" coverage for 2-year-olds
in Australia, ACIR March 2007ìt.4 Recent estimates show vari-
ability in coverage between states, ranging from 7O,2V" in
Western Australia to 80.I% in the Northern Territory (ACIR

March 2007). Delays linking variceìla vaccination to the ACIR
and GP incentive payments suggest varicella uptake data are

underestimated. Coverage data and uptake of new vaccines that
are not funded under the NIP are not available.

Once incentive linked notification for varicella vaccine is

established, accurate coverage rates can be determined.
However, our study results suggest that the estimated coverage

figures are likely to be reasonably accurate with over 70o/" of
GPs advising that they always report varicella vaccination to the
ACIR and only 12.6"/" advising that they never report non-
funded vaccines 1o the ACIR. Accurate data on vaccine coverage

are essential, particularly for varicella vaccine where partial
coverage may lead to less exposure to infection during child-
hood with increased susceptibility and severity of infection at an

older age.

The GP educational campaigns to improve coverage should
include information about disease severity and complications,
including the risk of inducing change in the epidemiology of
the disease in the absence of high vaccine coverage. Aìthough
the majority of GPs identified appropriate reasons for advising
against use of varicella vaccine, othet reasons offered would not
be considered as contraindications, for example, a mother who
is currently pregnant, or prior clinical infection in siblings. Con-
cerns raised by GPs were similar to concerns raised in other
studies conducted in the USA, where variability in varicella
funding exists.2r-24 In a study conducted in Canada, when vari-
cella vaccine was recommended but not funded, physician rec-

ommendation was a strong determinant of vaccine uptake.25

Recent changes to the recommendations for varicella immu-
nisation include receipt oÏ two doses of varicella-containing
vaccine to provide increased protection and minimise break
through disease in children.2ó However, routine administration
of a second dose of varicella-containing vaccine is not included
on the National Immunisation Program and was rejected by the
Pharmaceutical Benefits Advisory Committee following re-
commendation by the Australian Technical Advisory Committee
because of lack of evidence of cost-effectiveness of a second

dose. Education of GPs about recommendations to improve
protection of children is of paramount importance, particularly
when funding of an optimaÌ vaccination program is not
guaranteed.
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Our sample reflected tìre gencler and rnctropoìilan/r'egionaì
distribution of GPs in Australia. A response rate of approxi-
rr-rately 507o rnay lead to bias in the study results. However, all
genelaì practice area divisions wele well replesentecì in the
study population with sligl-rtly fewer GPs from the Eastern and

Central Division in the responder groL¡p. The conclusions drawn
from the study in relation to vaccine uptake by parents are

limited, as no data were obtained on tìle demographic or socio-

economÍc status of the patients Although socio-economic status

was not assessed, practice locations fron each division were
equaìly represenLed (Fig. l).

A follow-up study wouÌd be instrllctive to compare GP atti-
tudes and uptake of the vaccine since valicella vaccine becarne

funded by the Federal Governnrent. Quaìitative data ou how
GPs make decisions about whether to offer a recorrmended
rron-Iuncled vaccine wtnld also be rrf value.

Or,rr findings regarding acceptance ancl promotion of recom-
.--.-l -i - ..- t..-1..1 t.^.,. :_-Ì:^^.i_.-^ r..- .L.. :..r--.ttt(tlucu, t¡utt-tu¡luLu vdL(lltLJ ttov( ¡lttlrltLatlullJ lrrl Ltlt ¡¡¡tru-

duction of new vacc.ines. When a new vaccine such as

varicella vaccine becomes avaiìable, its use may be deìayed

ìrecause oT limited informatior.l or lack of immun.isation pro-
vicler knowledge and experience. New vaccines for preventioll
of herpes zoster are in deveÌopment with one receÌltly licensed

for use in Australia in aduìts of >ó0 years of age. Ftrnding for
this vaccine is not assured and is currently beìng negotiated.
The findings of this study suggest that there will be variability
in prescr.ibing the vaccine ar-rd inequaìity in access if funding is

not provided.
Althotrgh now funded for select ag,e groups, the recently

licensed Hulran Papillomavirus and ¡otavirus vaccines were
initially only available for purchase. Judgement based on a GP's

or parent's perception ol severity oi disease or a family's lìnan-
cial statns may determine wìrether discussior-r aÌrout use of non-
funded vaccines takcs place at a routine immunisation visit.a

Inequality in adoption of preventative ìrealth-care rreasures
rnay result, where the weaÌthy are better protected from infec-
tious d jseases. Funding a recommended vaccine improves
equity of access and reduces variability in approach to provision
and prornotion of the vaccine in the comrnunity. When a

vaccine is int¡oducecl, provision of adequate and accurate inlor-
lnation about the disease to be prevented, in additiorr to inÏor-
mation abolìt the vaccine, is Ìikely to enhance acceptance of the
vaccine by both GPs and parents.2r Clear and consistent infor-
lnatiorl coupled with support from Government to provide
equaÌ access to vaccines is essential to achieve adequate cover'-

age in the community.
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Iì esoite the success oi cervrcal

l)ilffi::iî::;ffi"ffiJi:rï
from cervical cancer in our community

with approximately 800-1,000 new cases of
cervical carcinoma diagnosed each year.r,2

Cervical cancer is the 14th most common

cause of cancer death in Australian women,

with a lifetime risk of a woman developing

cervical cancer of one in 130. Among

Indigenous Australian women there is

evidence ofa higher rate ofcervical cancer

compared with non-lndigenous women.

with a mortality rate nine times that of non-

Indigenous women.2 In addition, the burden

of disease from cervical intraepithelial
neoplasia (CIN) resulting from HPV infection

is enormous, with 137,440 low-grade lesions

and 104,395 high-grade lesions diagnosed

between 1997 and2004 in Australia.3

Human papillomavirus infection is

the undisputed cause of cervical cancer.

Apptoximately 20 high-risk oncogenic

strains have been shown to be responsible for
the majority of cases.at Although women are

at risk ofacquiring the virus and developing

cervical cancer, both men and women may

transmit the virus to their partner during

sexual activity. Cervical infection with
HPV is extremely common compared with
the incidence of cervical cancer, with the

majority of infections resolving over a six-

month period.8 Persistent infection is the

precursor for development of pre-cancerous

lesions. Strains HPV-16 and HPV-18 are the

most prevalent high-risk, tumour-associ ated

strains and are present in approximately 70o/o

of cervical tumour specimens worldwide.e

HPV is also the cause of anogenital tumours,

laryngeal papillomatosis and genital warts,

Abstract
Obiective: A vaccine to prevent human

papilloma virus (HPV) infection has been

licensed recently in the United States of

America and Australia. The aim of this

study was to assess community attitudes

to the introduction of HPV vaccine in the

State of South Australia.

Methods: A cross-sectional survey was

conducted by computer-aided telephone

interviews in February 2006. The survey

assessed adult and parental attitudes to

the introduction of HPV vaccine to provide

protection against a sexually transmitted

disease caused by HPV and against

cervical cancer. Two thousand interviews

were conducted in metropolitan and rural

households.

Flesufts; Two per cent of respondents

knew that persistent HPV infection

caused cervical cancer and a further

7"/" were aware that the cause was viral.

The majority of adults interviewed (83%)

considered that both men and women

should receive HPV vaccine and 77"k ot

parents agreed that they would have their

child/children immunised. Parents were

mainly concerned about possible side

effects of the vaccine (66%), with only

0.2% being concerned about discussing

a sexually transmitted disease with their

children and 57" being concerned that use

of the vaccine may lead to promiscuity.

lmplications: Our findings suggest that

public health education campaigns for HPV

vaccination will find a majority of parents

receptive to their children being vaccinated,

but attention must be paid to appropriate

explanation about HPV infection as the

cause of cervical cancer and education

about the safety of the HPV vaccine.

Key words: Human papillomavirus;

vaccine; health knowledge, attitudes;

immunisation; cancer, cervix; genital warts.
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which may occur in both r-neu and women.r0-r2 The social and

economic costs of HPV-induced diseases of the genital tract are

huge and the development ofprophylactic vaccines has been an

important initiative.

Vaccines against tlre high-risk types HPV-16 and HPV-18 have

been shown to be safe and immunogenic in previous trials and

have been shown to prevent HPV-I6/18 incident infection (91%

efficacy for the quadrivalent vaccine (Merck) and92%o efficacy for

the bivalent vaccine (GlaxoSmithKline) and 100% efficacy against

persistent HPV- I 6/1 8 infection and CIN I, II and III up to four years

post immunisationl3-rs). The quadrivalent vaccine has recently been

licensed in Australia. Pre-teen and young adolescent women will
be an important target population for immunisation, since it will
be iir-r'portant to provide protection prior to onset of sexual activity

and exposure to oncogenic HPV strains. HPV infection comrnonly

occurs in young women around the tirne of first sexual encounter.
Qi"'ti^. f.^* tl.- I I-if-'l Qr^t-" rI TQì l¡..,o "1"^'.,- ^^;^l ^'-',.1.-..\vul ¡¡ur v r,¡vYr r¡ Pvr¡r.

ranges between25%o and 40%o inyoungwomen, with a cumulative

prevalence up to 82o/o in selected groups of adolescent women.r6 In

a study of women attending university in the US who were initially
HPV negative, 55%o acquired HPV within three years.17 Community

acceptance of vaccination of young adolescent girls before they

become sexually active will be paramount to achieve high coverage

rates through successful immunisation programs.l6-r8

Awareness of the imminent availability of a HPV vaccine was

raised with the nomination of Ian Frazer as Australian of the Year

(2006) because of his involvement in the development of the

vaccine. Concerns have more recently been raised in the media

about the soeial implieations ofvaeeinating adoleseents to prevent a

sexually transrnitted disease andpotentially cervical cancer. Because

of improved coverage rates and resulting reduction in vaccine-

preventable diseases, vaccine safety has become a predominant

cor'Ìcern anrong immunisation providers and the community.re,20

Previous studies have shown that knowledge about the cause and

prevention ofcervical cancer is lacking and a successful education

campaign will need to address this deficiency.2rThe implication

that cervical cancer is linked to a sexually transmitted disease may

lead to anxietv and concern about the use of HPV vaccine.22

Women' and adolescents' attitudes have been assessed in
focus groups and as a component of HPV clinical trials as they

are the most likely recipients of the vaccine.22-30 Howeve¡ future

immunisation programs may include immunisation of men to

improve herd immunity in the population.3r Although licensing

of the vaccine in the US did not include an indication for men, in

Australia the vaccine ìs indicated for females 9-26 years of age

and males 9-15 years of age. An assessment of men's attitudes to

HPV vaccination in addition to the attitudes of women is essential

to enable provision of appropriate education priol to a plintary

and,/or calch-up immunisation program.

The aim of this study was to assess community attitudes in

both men and women to the introduction of HPV vaccines in

metropolitan and rural South Australia (SA). The methodology

used was similar to that employed in a previous survey of
community attitudes to the ìntroduction of varicella vaccine.32

Methods
A cross-sectional study was conducted using a telephone survey

of randomly selected households in SA. The survey was performed

as part of the Health Monitor program through the Population

Research and Outcomes Studies Unit, Department of Health, in

S4.33 The random sampling process used was based on the South

Australian Electronic White Pages (EWP) telephone listings of
households, both city and rural. An adult in the household, l 8

years or older with the most recent birthday, was selected for an

interview. The interviews were conducted using the computer-

assisted telephone interviewing (CATI) nrethodology, which
permits data obtained from the interviewer's screen to be entered

directly into the computer database. A pilot study of 50 randornly
r rl i L I / î Isctççtcu ltuusEltutus w¿ls uulluu!;tgu ull u rtsDl ualy ¿uuu ru rcsr

question formats and sequence. Three thousand five hundred

households were randomly selected from a total of 591,373

househoi<is in SR (Austraiian Bureau of Statistics (ABS), 200i

Census).34

Table 1: Household demographics (n=weighted data).

Household Category No. of
resp.

Proportion
of resp.

Age of respondent
(10 year intervals)

n=2,OO2

18-24 yrs

25-34 yrs

35-44 yrs

45-54 yrs

55-64 yrs

65-74 yrs

>75 yrs

245

337

380

364

287

195

194

12.2o/"

16.9%

19.0%

18.2%

14.3yo

9.7Y"

s.7%

Gender
(n=2,002)

Male

Female

981

1,021

49.O%

51.0%

Socio-economic status Lowestquarter
Postcode (SEIFA index Second quarter

of disadvantage Third quarter

measured in Highest quarter
quartiles (n=1,975)

479

458

499

539

24.3o/o

23.2%

25.3%

27.3%

Highest educational
qualification of

interviewee

(n=1,998)

Secondary
school/studying

Trade

Certificate/
diploma
Bachelor degree

9s1

223

399

425

47.5o/"

11j%
19.9%

21 .2y"

Location of
residential address
(n=2,002)

Metropolitan
Rural

1,536
466

76.7Y"
23.3o/o

Household income
(n=1,686)

0-$20,000

$20,001-$40,000

$40,001-$60,000

$60,001-$80,000
>$8o,ooo

292

412
324

260

398

14.6%

20.6%

16.2%

13.0%

19.9%

Country of birth
(n=2,002)

Australia

lndigenous Aust.

UK

Other

1,576
'13

212

201

78.7%

0.6%

10.6%

10.0%

Note:
Proportions for each household characterist¡c may not add up to 1 00% due to
rounding of figures to one decimal place.
Resp=respondents.
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Participants were asked questions about the cause of cervical

cancer followed by a comment that was read to them by the

telephone interviewer to link the concept of a vaccine to prevent

cervical cancer in women. "Cervical cancer is caused by Human

Papilloma Virus which is a sexually transmitted virus that infects

men and women. A vaccine called HPV vaccine will be available

soon and should ideally be given to adolescents and young adults

before they become sexually active." Further questions were asked

to determine the level of acceptance and any concerns about

introduction of a HPV vaccine program.

The survey data were weighted to the age, gender and

geographical area profile (metropolitan or rural) ofthe population

of SA and the probability of selection within a household. This

methodology ensured that the survey findings were applicable

to the SA population as a whole. Individual data were weighted

by the inverse of the individual's probability of selection and

then reweighted to benchmarks derived from the ABS estimated

resident population (ERP) for 30 June 2004 (age, gender data)

and 30 June 2003 (geographical area profile) for 34.33'34 For

questions regarding households rather than individuals, records

were weighted by the inverse probability of the selection of the

household then reweighted to benchmarks derived from the

ABS 2001 Census of Population and Housing for occupied

private dwellings by location.33 Weighting was used to correct

the distributions in the sample data to approximate those of the

SA population. This is partly an expansion ofthe data and partly

a matter of adjustment tbr both non-response and non-coverage,

resulting in data that is representative ofthe population rather than

limited to the households that responded. The Socio Economic

Index For Areas (SEIFA) Index of Relative Socioeconomic

Disadvantage was used as a measure of socio-economic status.3a

Table 2: Causes of cervical cancer identified by
household contacts, weighted to the population (single

Statistical analyses were performed wìth the Stata computer

package using routines specifically designed to analyse clustered,

weighted survey data.35 Estimates of population percentages with

95olo confidence intervals (95% CIs) are presented. Statistical

tests were performed to assess significance at the confidence

level of 0.05.

The study protocol was reviewed and approved by the Children

Youth and Women's Health Service Human Research Ethics

Committee, Adelaide, South Australia.

Results
Health Monitor survey

From 3,500 telephone numbers selected, 887 could not be

contacted or were not household numbers. From the remaining

2,613 numbers, 2,002 interviews were conducted in February

2006, a participation rate of 76.6Yo.

Description of study sample (raw data)
Household demographic details were obtained. The median

age of the household interviewee was 53.1 years (95o/o CI 52.3-

53.8) compared with a median age of 38.5 years in the South

Australia population (includes population <18 years of age). Of
those interviewed, 852 were males (42.6% of the study population

compared with 49% of the South Australian population, ABS

2004) and 1,150 were females (57.4% of the study population

compared with 5l% of the South Australian population, ABS

2004). Sixty-nine per cent (n-1,372) of households were situated

in metropolitan Adelaide (compared with 73.3Yo of the SA

population, ABS 2004) and31.5Yo (n:630) were rural residences

(compared wirh26.1% of the SA population, ABS 2004). Fifteen

interviewees refused to provide their age in years but agreed to

identif, an age category (see Table 1).

Description oî weighted data
Weighting was performed on the raw data collected from the

2,002 randomly selected households in the Health Monitor Survey

for both numbers and proportions. Including sampling weights in

the analysis of the study population provides estimates that are

unbiased in relation to the total population of SA. Within weighted

households the mean age of the interviewee was 47.1 years (95Yo

CI 46.1-48.1) with a near equal proportion of males (49.0%) and

females (5 1 %) (see Table 1). The study results are therefore based

on a weighted survey sample of 98 1 males and 1,027 females. Six

hundred and one household interviewees (30.1%) were parents/

guardians of children in the household.

Community knowledge about the
cause of cervical cancer

At the beginning of the interview an open-ended question was

used where those interviewed were asked to identify the cause

(viral) of cervical cancer. AlmostT9Yo of interviewees were unable

to nominate the cause. Two per cent (95o/o CI 1.5-3.0) correctly

identified persistent HPV infection as the cause, a îurther 7.1 o/o

Cause of cervical
cancer suggested
by interviewees
(n=1,985)

Don't know 1,562 78.7 (76.5-80.7)

Persistent HPV infection 42 2.1 (1.5-3.0)

Virus 140 7.1 (5.e-8.4)

Cell changes 61 3.1 (2.3-4.1)

Frequent sexual activity 32 1.6 (1.1-2.5)

Smoking 26 1.3 (0.8-2.3)

Sexually transmitted disease 24 1.2 (0.8-1 .B)

Multiple partners 17 0.8 (0.5-1.4)

Sexual activity without protection 14 0.7 (0.4-1.3)

Sexually active at an early age 13 0.7 (0.4-1.21

Poor hygiene 0.5 (0.2-0.e)

Stress 4 0.2 (0.1-0.7)

Other 41 2.1 (1.4-2.s)

Count
(e5% cr)

I
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(95% C15.9-8.4) lwere aware of the viral aetiology and a further

10olo were able to identifo risk factors for the development of
oncogenic disease (see Table 2).

As expected, wonren were more knowledgeable than men,

with 6l .4%o (95% Cl 52.9-69.3) of correct responses provided by

women (X'r:8.66,p:0.01). A difference in knowledge was also

evident in relation to age with 15.2o/o (95% Cl l 1.6- 19.8) of adults

45-54 years ofage able to identifo the cause as viral compared with
only 2.9o/o (95% Cl0.9-9.5) of 18-24year-olds and 5.3% (95% Cl
2.8-9.5) of adults 75 years and older (X'u:39.72, p:0.0003).

Educational attainment was an important factor in determining

knowledge about the cause of cervical cancer with20.9% (95%

Cl 16.6-26.0) who had attained a bachelor degree able to identify
a viral cause compared with 10.7o/^ (95% g 7.9-!4 3,\ who had

attained a certificate or 6.0o/o (95% Cl3.2-11.3) who had attained

a trade (X2,:102.55,p<0.001). Households identified as of lowest

-^^-^-i^ clol,,c lrr, ".- ^f fL- Qtrttr^ "^.1^ ^f li.^1.'--+--^ "'---6u vrv, v

less informed (7.4Yo identiñed a viral cause (95Yo CI 5.2-10.3))

than those in the highest socio-economic group (13.0% identified

a viral cause (95% q 10. 1-16.6); X23:12.81 , p:0.02).

Community attitudes to use ol HPV vaccíne:
who should receive it?

The majority (82.7% (95% C180.5-84.7) interviewed stated

that the HPV vaccine should be administered to both men and

women to prevent cervical cancer in women (see Table 3). Equal

proportions (p:0.70) of men (83.6% (95% Cl 80.3-86.5)) and

women (81.8% (95% Cl78.8-84.4) agreed that an immunisation
program should be targeted at both genders with only 6.9% (95%
CI 5.6-8.5) stating that only women should receive the vaccine and

0A% (95% CI 0.2-0.8) that only men should receive the vaccine.

Almost 6% (95% Cl4.6-7 .0) were undecide d\2.4% (95% CI 1.8-

3.3) suggested the vaccine should not be given to anyone and the

remaining 2.IYo were classified as 'other'. This strongly positive

result was equally supported across gender (p:0.70), age (p-0.57)
and educational attainment (p:0.07).

Participants were asked at what age they felt it was appropriate

to discuss and administer HPV vaccine. A mean age of 13 years

and nine months (95% Cl 13 years six months to 13 years ll
months) for males (n:1,75 1) and 13 years and nine months

(95% Cl 13 years six months to 13 years 1l months) for females

(n:1,762) was identified as an appropriate age to discuss use of
HPV vaccine, with a range of 5-50 years. Administration of the

vaccine was considered appropriate approximately one year after

this with a mean of 14 years and nine months (95% Cl 14 years

six months to 14 years and 1l months) for males (n:1,568) and

14 years and eight months (95% Cl 14 years six months to 14

years and ll months) for females (n:1,602), with a range of 3-

40 years. Of those parents who provided an age, 95o/o agreedthat

the vaccine should be discussed and, 92o/o agreed that it should be

administered before I 8 years of age for both males and females.

Twelve per cent of the sample was unsure about when the vaccine

shoufd be discussed with adolescents and 21o/o was unsure about

what age the vaccine should be adn'rinistered. A higher proportiou

of those who were unsure about the appropriate age to discuss

immunisation were over 65 years of age;16.60/o of >65 year-olds
comnarerl withR)o/" nf {O-Á4 r¡ecr-nlrls S,imilcrlrr fnrecfimoiinn""'t-'-- " J "'
of the most appropriate age to administer the vaccine, 27.8Yo of
>65 year-olds compared with 2l .4o/o of 50-65 year-olds were
,,--,,-^ ^+L^-,.,:^^ +L^-^,,,^^ ^^..^l -^--^^^-.^¡:^- ^^-^^^ ^.L^^u¡¡rurwt u!¡rv¡ w¡J9 ltlçtv waJ çqu4r tLp¡uòLrtt¿Ltull 4lluòò utltul

demographic variables.

Parental attitudes to use of HPV vaccine
in children and adolescents

Of 2,002 households interviewed, 601 were households

containing parents of children within the household. Seventy-seven

per cent ofparents interviewed agreed that their children should

be immunised with HPV vaccine compared with85.2%o ofparents

who agreed that they should receive the vaccine for themselves

for their own protection (X'o:83.83, p.0.001). Sixty-nine per cent

(95% Cl 64.3-73.1) of parents agreed that this should include

both sons and daughters with a further 6.6% (95% Cl 4.6-9.4)

suggesting only daughters and l.4o/o (95% Cl0.7-2.8) suggesting

only sons should receive the vaccine. A small proportion (5.4%
(95% Cl 3.6-8.0) ofparents considered that the decision should

be made by the child/adolescent with a further 5.4 % (95% CI
3.6-8.1) claiming that their child/children should not receive the

vaccirre. Twelve per cent (95% Cl 9.5-15.9) of parents remained

unsure about whether their child should receive the vaccine.

There were no statistically significant differences observed in
demographic details, apart from age, for parents who either agreed

or disagreed to their child receiving the vaccine.

Respondents who agreed to receive the vaccine
Following provision of information on the cause and prevention

of cervical cancer in women, almost 65%o agreed, they would

Table 3: Acceptance of HPV immunisation for males and females as reported by interviewees (weighted data).
Category
n=1,975

Total number and
proport¡on of adults

n o/o (95% Cl)

Number and proportion
of females

n o/o (95% Cl)

Number and proportion
of males

n o/o (95% Cl)

Both males and females 1,634 82.7 (80,5-84.7) 827 81.8 (78.8-84.4) 806 83.6 (80.3-86.5)

Females only 136 6.9 (5.6-8.5) 75 7.5 (5.7-9.7) 60 6.3 (4.4-8.8)

Males only I 0.4 (0.2-0.8) 7 o.7 (0.3-1.5) 1 0.1 (0.01-0.5)

No one 48 2.4 (1.8-3.3) 22 2.2 (1.5-3.2) 26 2.7 (1.7-4.3)

Other 39 2.0 (1.3-3.1) 16 1 .6 (1 .0-2.7) 22 2.3 (1.2-4.6)

Don't know 112 5.7 (4.6-7.0) 64 6.3 (4.6-8.5) 48 5.0 (3.7-6,8)
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personally receive the vaccine (see Table 4). A higher proportion

of women (l 3A% (95% Cl 7 0.2-7 6.3)) than men (67 .9% (9 5%

Cl 63.9-71.6)) agreed they would personally receive the vaccine

if it was available (X'r:6.40, p:0.03). Younger respondents were

also more likely to agree to vaccination with HPV vaccine than

those who were older (92Yo for 18-24 year-olds compared with
73%o for 45-54 years-olds). Using a logistic regression model a

trend was identified; the higher the age of the interviewee the

less likely they were to agree to be immunised with HPV vaccine

þ<0.0005). In addition, interviewees who were married þ:0.001),
male Qr1.027) and the least disadvantaged socio-economically

(p:0.049) were most likely to decline immunisation with HPV

vaccine. Of the total number of parents who agreed to receive

the HPV vaccine, 93.1% (95% CI 91.2-94.6) also agreed that

their children should be immunised. The majority (75.6% (95%

CI 70.5-80.0)) of parents who would decline immunisation with

HPV vaccine agreed, however, that their children should receive

the vaccine.

Parental and communíty concerns about
use of the vaccine

Parents and respondents overall identified that their main

concern about use of the HPV vaccine was whether there were any

side effects (see Table 5a and 5b). Other concerns included safety

ofthe vaccine and the need for more education prior to a vaccine

program being established. Respondents identified concern about

receiving a vaccine that was not considered relevant to their current

situation including being elderly, in a monogamous relationship,

or not sexually active (see Table 5b). Concern about the use of
the vaccine leading to promiscuity was indicated by 4.9% (95%

CI 3.3-7.4) of parents (see Table 5a), with concern being more

evident among motherc (6.2%) compared with fathers (3.3%). A
slightly hìgherproportion of men (70.6%) were concerned about

side effects of the vaccine than women (62.6%).

Similar causes of concern were identified by parents whether

or not they agreed to immunisation for their children. There were

significant differences in concerns identified between adults who

agreed or did not agree to vaccination. Those who did not support

immunisation with HPV cited reasons relevant to their low risk

ofcontracting the infection rather than concern about side effects

(16.1% of those who did not agree to vaccination conrpared with

49.3% ofthose who agreed to vaccination were concerned about

side effects). Reasons given included not being sexually active

(17.8% of those who did not agree to vaccination compared with

0.6% ofthose who agreed to vaccination), only having one partner

(28% of those who did not agree to vaccination compared with

1.3%o of those who agreed to vaccination) or too old (4.9% of
those who would not agree to vaccination compared with 0.3%

ofthose who agreed to vaccination).

Prevention of genital warts
The majority of participants (692% (95% Cl 66.1-71.6))

agreed that they would be more likely to accept HPV vaccination

if it also prevented genital warts (9.9% responded 'don't know'

to this question). Although only a small proportion would

refuse vaccination, 43.lYo (95% Cl 38.2-48.3) of those against

vaccination with HPV agreed they would be more likely to

accept vaccination if it also prevented genital warts. This was

similar for both males (43.7%;" (95% Cl36.3-5 1.3) and females

(42.4% (95% Cl 35.8- 49.2) p--0.23). There was no significant

difference detected for demographic variables including degree of
educational attainment or geographical location. However, there

was a significant difference dependent on age ofthe interviewee

(p<0.001). The elderly were less likely to be influenced in their

decision by the addition of genital wart protection; 48.3%o of
interviewees over 75 years of age were more likely to accept HPV

vaccination if it also protected against genital warts compared with

82.0o/o of l8-24 year-olds.

The lndigenous population
From a total of 2,002 households in metropolitan and rural SA,

13 people interviewed identified themselves as Indigenous. All
respondents interviewed and identifying as being from Indigenous

households agreed that HPV vaccine should be given to both

men and women, with 10 of the 13 (77o/o) agreeing to receive the

vaccine. Twelve of the 13 interviewed agreed they would be more

likely to receive the vaccine if it also prevented genital warts. Only

two households contained children and both respondents agreed

to their children being immunised.

Table 4: Number and proportion of respondents who agreed to receive the vaccine and parents who agreed for their
child/ren to receive the vaccine.

Household contact Number and proportion of respondents
who agreed to vaccination n=1 ,931

n "/" (95% Cl)

Number and proportion of parents who
agreed for their children to be immunised n=601

n T" (9s% Cl)

Yes Total 1,247 64.6 (62.0-67.1) Yes Both sons/daughters 414 68.9 (64.3-73.1)

Females 657 52.7 (43.8-50.8) Daughters 3s 6.6 (4.6-9.4)

Males 590 47.3 (43.8-50.8) Sons I 1.4 (0.7-2.8)

No 518 26.8 (24.6-29.2) 32 5.4 (3.6-8.1)

Don't know 166 8.6 (7.2-10.3) 74 12.3 (s.5-15.9)

Other 33" 5.4 (3.6-8.0)

Note:
(a) Decision to vaccinate should be the child's choice.
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Discussion
Our results indicate that although there is a high acceptance of

HPV ìmmunisation in the community, only a small proportion

of the community surveyed nominated HPV infection as the

cause of cervical cancer. Studies conducted in the US have

suggested a higher knowledge ofHPV and cervical cancer than

reported in our study.222s The difference observed may be due

to alternative study methodologies used to identify knowledge

about HPV infection. Our results indicate that education about

HPV infection and prevention needs to be directed towards the

majority of the community but targeted towards those with least

knowledge including men, young adults and the elderly, those with

a trade or who have attained a certificate level of qualifications,

anci those who are the most disadvantaged in the community.

Parents and adults require information about the disease and the

vaccine in order to make an informed decision about whether

they will consent to immunisation with the HPV vaccine. lt is
therefore essential for parents and adults to know and understand

the association between HPV infection and the potential for
developing cervical cancer. Studies have shown that providing a

brief educational intervention about the association signifi cantly

improves parents'acceptance of the HPV vaccine.22

Acceptance of immunisation with HPV vaccine was only slightly

higher in females than in males. Our results are similar to the

acceptance rates observed in a study ofparental attitudes to HPV

vaccine by Brabin et al. conducted in the United Kingdom.23

The most socio-economically disadvantaged participants were

more willing to accept HPV vaccination, which is a similar finding

to a study examining acceptance of varicella immunisation prior

to funding of the vaccine.32

Although concern was expressed about potential side effects of
the vaccine particularly in children, adults who decided against

vaccination identified they were in a low-risk group for acquiring

the infection rather than having concerns about the vaccine itself.

Similar concerns were expressed by men and wonren for the

majority of responses, although some concerns expressed were

gender specific such as concern about loss of libido (see Table

sb).

Our results confirmed that parents were not concerned about

discussing sexually transmitted disease with their children and

were willing to discuss use of the vaccine at an appropriate

age. Parents who indicated they did not require the vaccine for

themselves but would recommend it for their children were more

likely to be married and in a monogamous relationship. This would

suggest they did not consider themselves to be in an at-risk group

but could see an advantage for their children. There was little
evidence to suggest that anxiety about use ofthe vaccine leading

to promiscuity was a concern. This compares favorably with

results of a study conducted in Manchester, where 2.Io/o of parents

surveyed suggested the vaccine should not be given because it
would encourage promiscuity.22 Estimates from studies in the US

have determinedthat24o/o of 15-year-old girls, 38% of 16-year-old

gifls and620/o of l8-year-old women have had sexual intercourse.r6

Providing the vaccine at 14 years ofage (as an average estimate

determined by adults in our study) would suggest a proportion of
young women may not receive the vacciue until after exposure to

HPV Immunisation programs will need to be directed to younger

adolescents to be more effective in preventing cervical cancer and

adequate education will need to be provided to parents to ensure

acceptance ofvaccination at a younger age.

Understanding community concerns is essential to provide

direction for education campaigns. Although concern may be

expressed about side effects of the vaccine, reassurance can be

provided that a local reaction is the only known significant side

effect associated with use of HPV vaccine. This study provides

baseline information for educators and policy makers as it
represents the level of community understanding, concerns and

âccenlânce ofn HPV vaccine nrôorâm

Table 5: eoncerns about rece¡ving HPV vaccine.

a) Parental concerns about children receiving the HPV
vaccine.

Main concern about
child receiving
HPV vaccine

Number and proportion of
responses provided by

interviewees n=599
n o/" (95% Cl)

Side effects of vaccine 397 66.4 (61.9-70.6)

Safety 30 5.0 (3.5-7.3)

Will lead to promiscuity 30 4.e (3.3-7.4)

More education required 12 2.0 (1.0-3.9)

Having to discuss STDs 2 0.2 (0.02-1.1)

It can cause HPV infection 1 2.0 (1.0-3.9)

Anti-vaccination 4 0.7 (0.3-2.1)

Other 1e 3.2 (1.8-5.6)

Don't knodnot concerned 104 17.3 (14.?_-21.1)

b) Respondents'concerns about receiv¡ng the HPV
vacc¡ne themselves.
Main concern about
receiving HPV
vaccine themselves

Number and proportion of
responses provided by

interviewees n=1,927
n lo (95% Cl)

Side effects of vaccine 761 39.5 (36.8-42.2)

More information required 17O 8.8 (7.4-10.5)

Not sexually active, don't need vaccine 102 5.3 (4.5-6.3)

Only have one partner, don't need vaccine 168 8.7 (7.3-10.3)

Safety 57 3.0 (2.2-4.0)

Suff icienVri gorous testin g 46 2.4 (1.7-3.3)

Too old 30 1.5 (1.1-2.2)

Anti-vaccination 16 0.8 (0.4-1.e)

Other" 92 4.8 (3.7-6.2)

Don't know 438 22.7 (20.6-25.0)

It can cause cancer, it can cause
HPV infection, cost

<1

Note:
(a) lncluded gender specilic rcsponses: Women: bird flu vaccine is more

important, let nature takes its course, previous hysterectomy, would need
more information. Men: afraid of needles, concern about loss of l¡b¡do,
not at risk always use condoms or have been circumcised or have good
hygiene, provides a false sense of security.
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The strength of this study is the large number of adults and

parents randomly sampled from SA with a weighting process

applied to the population to further improve the generalisability

of the data. Previous studies have investigated parents' and

women's attitudes to introduction of HPV vaccine whereas this

study was a large-scale, community-based study that included

men's knowledge, acceptance and concerns about the vaccine

to provide protection against cervical cancer in women. This

was a cross-sectional study and as such it has limitations in

time, including the varying amounts of community education

that have been provided about HPV infection during the past l2
months. At the time the study was conducted there was minimal

information about HPV vaccine provided to the community and

without a licensed vaccine promotional activity had not started.

The telephone survey only allowed inclusion ofEnglish-speaking

households because of the impracticality of providing interpreters.

As non-English-speaking households represent a group that is at

risk of poor access to educational materials, this group should

be assessed using different methodology. Although a positive

response to introduction of an HPV immunisation program was

elicited, people may respond differently when faced with an

actual vaccination decision.3T Further information would need

to be provided in order to obtain fully informed consent from

individuals, such as the rapid clearance of most HPV infections

within six months, a low rate of cervical cancer following HPV

infection and alternative methods to avoid HPV infection.

Households randomised from listed telephone numbers may

lead to bias as households without a land-line telephone or whose

telephone numbers are not listed are excluded from the sample.

In SA, it is estimated that 3Y, of households are not listed.

The Indigenous population is over-represented in the unlisted

group and therefore is under-represented in this study. Although

households representative ofthe Indigenous population were few,

acceptance ofthe vaccine was evident.

There are likely to be some difficulties in administration

of a vaccine program for HPV The inìtial target groups for
ìmmunisation are adolescents and young women, who are

infrequent visitors to the general practitioner or primary care

services. A school-based program is likely to be most effective in

achieving high coverage. Another challenge for implementation of
an HPV immunisation program may arise from a low perception

of the need for the vaccine when the majority of incident HPV

infections clear. Although now funded for 12-26 year-olds, the

cost of the vaccine may be perceived to outweigh the benefit to

the individual, particularly for those ineligible for funded vaccine.

However, there appeared to be an enthusiastic response to the

introduction ofthe vaccine and therefore appropriately targeted

educational materials must be developed and made available to

women and men of all ages.

Parents need to be reassured that although introduction of
the vaccine will require discussion about its protective benefits

against a sexually transmitted disease, this is unlikely to lead to a

false sense ofsecurity and influence the future sexual behaviour

oftheir children. Education for adults will be required to achieve

adequate community levels of protection and will be essential

to benefit from the effects of herd immunity in the community.

Although cervical cancer is the most common form of HPV-related

neoplasia, other anogenital cancers may eventually be eliminated

by use of the vaccine in males as well as females. Educating men

will be as important as informing women about the benefits of
HPV vaccine if the ultimate goal is elimination of high-risk HPV

infection from the community.

Conclusion
Community acceptance of HPV vaccine has been well

established by the results of this study. However, linkages between

health care and education systems to provide education about

the benefits and availability of the HPV vaccine will be vital to

achieve high levels of coverage. The future challenge for provision

of this important vaccine will be to develop innovative funding

strategies to ensure adequate vaccine delivery to populations with

the highest mortality from this devastating disease, including our

own Indigenous community.
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Pandemic Influenza and Community Preparedness

The latest outbreaks of avian influenza

A(H5N1) and novel HlNl influenza have hei-

ghtened concerns that an influenza pandemic is

imminent.l4 In response, many govemments

have prepared protocoìs for rapid response and

containment of infection to minimize the healy

burden of morbidity and mortality associated

with previous pandemics.

Although epidemic influenza kjlls thousands

of people worldwide each year, the emergence

of influenza viruses with novel surface antigens

poses a greater threat with increased economic

and social consequences. The occasional

crossover of the highly pathogenic but poorþ

tra¡smissible avian influenza virus H5N1 into

humans has placed governments on high alert

for an influenza pandemic.

The United States began preparing pan-

demic influenza response plans in 1993 after

the emergence of H5N1, closeþ followed by

the European Union 5'6 A worldwide resporìse

to emerging diseases coalesced in the World
Health Organization (!VHO) Global Outbreak

Alert and Response Network, established in

2000.7 Since then, a steady flow of WHO
resource documents has encouraged the devel-

opment of national pandemic influenz a response

plans and rapid action where outbreaks have

occu¡red.8

Auskalia developed its own pandemic in-

fluenza management plan in 2005 in response

to new cases of H5N1 in Asia; this was revised

in 2006.e Each state has developed aplan that is

consistent with the national plan but indudes

additional details relating to local circum-

stances.lo The Aushalian federal government has

invesûed more thffi AU $600 million in influ-

enza pandemic preparedness,ll including stock-

piling antiviral drugs and personal protective

equipment and developing a vaccine that is

effective against H5N1.

In 2006 a national pandemic influenza ex-

ercise, Exercise Cumpston, carried out at sites

across Australi4 highlighted several gaps in

existing plans, including poor communication

with the general public and a lack of
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inforrnation targeted to indigenous and cultur-

ally diverse groups. The Exercise Cumpston

report led to an emphasis on improved com-

munication, including government engagement

in increasing public knowledge, with the aim of
building a base level of awareness and under-

standing across the community and among

primary care providers about the threat of an

influenza pandemic.ll

Although many govemment and public

health agencies have been involved in pan-

demic influenza planning, the wider population
(including community and hospital health care

workers) has generally not been included in
decision-making on issues that will reqtrire

community compliance. Public health control

measrrres that are inadequately understood or

supported by communities may fail to be

implemented.lz Poorþ r-rnderstood control

measures carxed confusion and fear during the

SARS (severe acute respiratory syndrome) out-

break.r3 Pandemic influerza planning in North

America has included a US-Ca¡ada sumrrú114

the Pubìic Engagement Pilot hoject on Pan-

demic Influenza,ls and local initiatives zuch as

the Baltimore program B'More Prepared,lo but

citizen consultation and engagement have been

Iimited. In New Zealand, consideration of ethical

issues in pandemic influenza planning included

elements of community consr¡ltation.l7

Engagement of the community as active

participants in pandemic flu preparedness is

considered essential if a successfirl prevention

program is to be established.lT¡8 We aimed to

assess community knowledge regarding pan-

demic influenza preparedness and acceptance of

govemment strategies to reduce the impact of

pandemic influenza in South Australia

t$ETF{tÐ$

We conducted a cross-sectional telephone

snrvey of randomly selerted households in

South Australia (population 1.5 million). The

study was part of the Health Monitor program

of the Population Research and Outcomes

Studies Unit, Department of Health, South

Australia.rs We based the random sampling

process on the South Auskalian elechonic white

pages household telephone listings, both city

and rural. The household contact identified the

adult in the household (aged >18 years) who

most recently had a birthday; up to 10 callbacks

were made to interview the identified individual.

The interviews were conducted by the com-

puter-assisted telephone interwiewing method.
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In South Aushalia 970/o of households have a

telephone listed in the white pages. Phone calls

wer-e rnade at different tirnes of the day ard
evening anci on different days of the week.

A pilot study of 50 randomly selected

households was conducted in March 2OO7 to

test question forrnats and sequence priol to
commerìcement of the main shrdy, which took

place in April and May 2OO7. The method was

similal to ihat employed in previous corrrmu-

nitv sur-veys.2o'21 Questiolx were i¡tended to

detennine the level of knowledge and commu-

nity acceptance of govemment shategies for
pandenic influenza control. The complete list of
suley questiors is available llom the core-
sponding author on request

The siuvey data wei-e weighted to the age,

gender, ard geographical area profile of the

popr¡lation of South Australia and the proba-

bility of selection within a household. Individ-

ual data were weighted by the inverse of
the individual's probability of selection and

then reweighted to benchma¡ks derived Írom
the Australian Bureau of Statistics' estimated

resident population for June 30, 2005 (age,

gender data, ând geographical area profile), fcr
South Aush'alia te For questions legar-ding

households, records were weighûed by the in-

verse probabìlity of the selection of the house

hold, then reweighted to bendrmarks derived

from the Atshalian Bweau of Statistics' 2001

Census of Population a¡d Housing. We used

the Socioeconomic Index for Areas Index of
Relative Socioeconomlc Drsadvartage as a mea-

sure of socioecorìomic status.zz

We used Stata soÍtware for statistical aralyses,

with routines specifically designed to analyze

clustered, weighted survey data. 
2 3 Stâtistical

tests were 2-taiìed, with a significance level of 5o/0,

.iL..l¡{.tt. !.i¡

Of 3900 telephone numbers selected, 960
could not be contacted or were not household

numbers. From the remaining 2940 numbers,

1975 interviews were conducted, a participa-

tion rate of 67.2o/o

The mean age of the household interviewees

was 53.4 years, with a medial of 53 years

(950/o confrdence interval tCIl:52, 54) and

a lange of 18 to 94 years. We weighted the

raw data collected from the 1975 randomly
selected households in the Health Monitor

*sñ$ ÃÞ{1H Jì¡,¡f} å}p¿t*\x $$rBtrvLrasèv$! aìtYF ã Esnu$NuÀ

Survey for both numbers and proportions
(Table 1). Within weighted households the

rìe¿ùr age of the inter.yiewee was 47 2 years

(95o/o CI:46.\ 48.2), with a nearly equa-l

proportion of men (49.10/o) ar-rd women
(50.90/o; Table 1), Our results were therefore

based on a weighted sur-vey sample of 969
men and 1006 women. Children younger than

18 years lesided in 686 (34 70lo) ofthe
households interviewed.

K*uwl*dile r¡l Fe*ck¡rlir. ûetfF:¡t ir¿;*

iìr}d Éìrs\'*?\¿¡*sï

Of 1975 households interviewed, 50.2o/o of
the respondents had either never hea¡d of
pandemic influenza (8.4o/o; 95o/o CI:7.0, 10.1)

or wcrc linaivalc of its n-rcanirrg (41.80/u; 39.1,

44.5) When asked an open-ended question

about the meaning of pandemic influenza, 340/o

were able to provide the meaning.

A conect response (WHO definitionza) in-

cluded recognition of a global spread ofi¡fluenza
rvith potentìaì to cause a large number of deaths,

A statement based on the \Ãy'HO definition of
pandemic influenza was read to all respondents

afterthey ansrvered the question cn knowledge of
pandemic influenza to facilitate fi.uther discus-

sion. Age was astatistically significant corelate of
knowledge of pandemic influen za (Xz a: 49.543;

P<.001): respondents aged 45 to 64 years

were likeliestto know of pandemic influenz4 and

those aged 18 to 24 yean or older than 75 years

were least likely to possess sudr knowledge.

Participants with a higher level of educa-

tional attainment were more likely to know the

meaning of pandemic influenza (X2s:91.817;

P<.001). Those wjth secondary school educa-

tion were less likely to know the meaning of
pandemic inflttenza (29.7o/o; 950/o CI:26.6,
33.1) than were respondents who had learned a

h-ade or senred ar apprenticeship (35.00/o;

95o/o CI:27 .7 , 43 1) or who had completed a

bachelor's or higher degree (56.70lo; 950/o

CI:50 3. 62.9)

The test for trend showed that the propor-

tion ofrespondents who provided the correct

meaning of pandemic influenza increased by
4.3o/o (95o/o CI:2.0,6 5) with each quartile of
socioeconomic status (P(.001). Almost one

third of respondents (31.50/o; 95o/o CI:27.1,
36.2) in the lowest socioeconomic quartile

knew the mear-ring of pandemic influenza;

46 5o/o (95o/o CI:41.7,51,5) of those in the

highest socioeconomic quartile answered this

question con'ectly

The mea¡ level of concern regarding pan-

demic influenza (on a sca-le of 1-10) was 5.8
(950/o CI:5 7, 6 0; Figure 1). Thiúy percent of
respondents had a score of 7 or higher, sug-

gesting a high level of concenr in the commu-

nify, with 10o/o of respondents indicating ex-

treme concern about the threat of pandemic

influenza with a score of 10. A test for h'end

showed that women were more likely thar men

to repoft high concern about the threat of
pandemic influenza (P< 001). The mean score

for concern among men was 5.5 (950/o CI:5 3,

5.7); for women it was 6.1 (950/o CI:6.0, 6 3)

The gender difference in mea¡s was 0.65
(950/b CI:0.36, 0.93).

As age increased a¡d household income

decreased, the proportion ofrespondents con-

cerned about pandemic influenza increased. A
test for h'end (P<.001) showed that as age

increased (by lO-year categories), the level-of-

concern scole inoeased by 0.39 (950/o

CI:0 31, 0.47). Similarly, as household income

decreased (household income categories

shonm in Tablc 1), *ùc scorc for conceir in
creased by 0.37 (95o/o CI:0.45, 0.29). Among

lower-income households (<AU $20 000),
78.9o/o (95o/o CI:73.9, 83.1) were concemed

about pandemic influenza (scores of 5-10);
among respondents with higher household in-

comes þAU $80000), 56.00/o (950/o

CI:50.0, 61.9) were similarly concemed.

The majority of respondents believed that
the routine influenza vaccination would give

sufûcient protection against a pandemic influ-

errza st¡ain. This w¿s considered tme by 52 4o/o

(950/o CI:49.7, 55 1) of respondents;27 5o/o

(95o/o Cl:25 2, 29 9) werc awale that the

influenza vaccine would not provide protec-

tion, a¡rd 2O.Oo/o (95o/o CI:17.9, 22.3) were
tìÌrsure. Respondents with higher educational

atlainment were less likely to believe that

the annual influenza vaccine would protect

against a pandemic strain (45.30/o; 950/o

CI:38.9, 51.8); 56.60/o of those with lower

educational attainment held this opinion (950/o

CI:53.0, 60.2). A test for trend was significant
(P<.001): 10.10/o fewer respondents (950/o

Cl:6 4,13.8) believed in tbe efñcary of the

annual influenza vaccine for each increase in

educati onal attainment (categories described in
Table 1).
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/\/ote. Data l]l/ere weighted t0 the South Australian population
uThe 

measure t,ttas the Socioeconomic lndex for Areas lndex of Relative Socioeconomic Disadvantage, in quartiles from lowest

to highest.
bFor 

this category, n = 1972.

Freparatío*l $çr Fandenrìc Bnflq¡ø*v'x¿a

Use of antiuiral drugs.\f antiviral drugs were

available, 49.3o/o (95o/o CI:46.6, 52.0) of

respondents said that they would not buy and

store them in preparation for an influenza

pandemic, 3 5.00/o ( I 50/o Cl : 32.5, 3 7. 6) stated

that they would store antiviral drugs, and

15.7 o/o (95o/o CI: 13.8, 17 .7) were unsure.

Women, households with lower income, re-

spondents with a lower level of educational

atbainment a¡d of lower socioeconomic status,

and residents of rural areas were all sigrufi-

cartly more likeþ to buy and store antivjral

medication in preparation for an influenza

pandemic (Table 2).

Acceptance of a pandemic influenza uaccine.

Of all households interviewed, 81.40lo (950/o

Cl:79.2,83.5) said that once a licensed

vaccine to prevent pandemic influenza was

available, they would agree to be vaccinated;

ll.7o/o (95o/o CI:10.0, 13.5) reported that

they would not agree to be vaccinated; and

6.90/o (95o/o CI:5.6, 8.6) were unsure. Simi-

larly, when parents (n:578) were asked if
they would have their children vaccinated

with a licensed vaccine to prevent pandemic

influenza, the majority agreed that their chil-

dren should receive the vaccine (78.60/o; 950/o

Cl:74.3,82.4). Some parents (8.10/o; 950/o

Cl:5.7,11.3) would refuse vaccination for

their children, and others (8.10/o; 950/o CI:6.1,
10.7) were unsure.

The highest-priority recipients of vaccine

suggested by respondents if supplies were

limited were children (49.7o/o: Table 3). We

observed a gender difference in this response

(X2=25.O62; P<.001): men were more

supportive of emergency service workers re-

ceiving priority for vaccination (63.00/o; 950/o

CI:56.1, 69.4) than were women (37.Oo/o:

950/o CI:30.6, 43.8). Women were more

likely to consider vulnerable groups such as

children, the elderþ, or sick people as needing

a priority for vaccination (53.90/o; 950/o

CI:50.9, 56.9) than were men (46.10/o;95o/o

CI:43.1,49.1)
Wearing a mask to preuent spread of infection.

A high proportion ofrespondents (83.50/o;

950/o CI:81.3, 85.5) would agree to wear a

mask to prevent spread of infection in pan-

demic influenza. Women, older adults (aged

) 5O years), parl-time employees, and adults

with home duties were most willing to wear a

TABIE l-Household Demographlcs of Survey Respondents (n= 1975):

South Austmlia, 2007

Respondent Characteristics

No. of Respondents,

Ravl (Weighted)

Respondents,

Weighted %

Age, y

18-24

25-34

35-44

45-54

55-64

65-74

>75

Gender

Men

Women

Socioeconomic status,' quartile

First

Second

Third

Fourth

Educational attainmentb

Secondary school/studying

Trade/ceft ¡f ¡cate/diploma

Bachelor's degree

Residence

Metropolitan

Rural

Household income, AU $

< 20 000

20 001-40 000

40 001-60 000

60 001-80 000

> 80 000

Declined to ansr,ver

Country of birth

Auskalia

United Kingdom

0ther

Employment

Full time

Part time

Home duties

Retired

Unemployed

107 (2411

174 (326].

336 (369)

411 (360)

383 (2e1)

289 (193)

275 (195)

789 (969)

1177 (1006)

1076 (1022)

s49 (s81)

345 (369)

1319 (1476)

656 (499)

448 (324)

366 (346)

286 (306)

254 (263)

385 (440)

236 l2e7)

1536 (1574)

244 (205]'

195 (197)

721 (853)

379 (371)

132 lt28\
612 (437)

131 (186)

12.2

16.5

18.7

18.2

14.7

9.8

9.9

49.1

50.9

581 (563)

464 (441)

387 (392)

529 (568)

28.7

22.5

19.9

28.9

51.9

29.4

18.7

7 4.7

25.3

16.4

17.5

15.5

13.3

22.3

15.0

79.7

10.4

10.0

43.2

18.8

6.5

22.r

9.4
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1 2 3 4 5 6 7 I 9 10

Level ofConcern Scale

N0te. Data were we¡ghted to South Australia population. Partic¡pants were asked, "Could you rate y0ur current level 0f

c0ncern about pandemic flu on a scale 0f 1-10 l¡/here 10=extremely concerned and 1=not at all concerned?"

FIGURE !:[evel of concern about pandemic influenza among men and women.

12.4o/o (95o/o CI:10.7, 14.2) cited radio. An
infomation pack from the government was

considered a priority by 2.8o/o of participants
(95o/o CI:2.1,3.8), and another 1.60/o (950i0

CI:1.1, 2.4) suggested pamphlets should be

sent by mail (n:1975). Almost all (97.4o/o;

950/o CI:87 3, 99.5) youngel adrnß (<55
years of age) cited the Intemet as the best

means of communication. In addition, 67 90/o

(950/o CI:65.1, 70.5) of respondents who
identified television as the best means of
communication were younger than 55 years

Older adults (> 55 years) were more likely to
cite their doctor's ofÊce: 81.70lo ofrespondents

who relied on this information source were

in this age group. Men were more likely to
suggest tJre Intet nct as ä sorù ce oí informailr.rn
(75.0o/o: 95o/o Cl:43 3,92 2), and women

were more likely to cite the doctor's offrce

as the best source (82.70lo; 950/o CI:57.0,
94.5). Women preferred information packs

(62.60/o;95o/o CI:47.O, 75.9) and letters
(7 5.5o/o; 950/o CI: 53.5, 89.1).

$$srUs5!$N

Despite initial widespread publicity regard-

ing pandemic influenza and advocacy to build a

base level of awareness and understanding

among the population,26 we found that the

mqority of adults in the communit¡r we suweyed

were completely unaware of the possibility of
pandemic influenza and ha¡bored misconcep-

tions about protection against a pandemic influ-

enza shain. This was especially true for young

adults and the elderþ, whidr is noteworfhy

because the elder'þ ale at increased risk of
complications and morÞlity lÌom influenza We
observed a high level of concem within the

community, particularþ among elderþ women

and adults in low-income households, possibly

reflecting perceived vulnerability to potential loss

of inmme and concern for dependents. Com-

munity knowledge about pandemic influenza is

deflcienÈ and exploration of the most effective

methods for providing information to the general

public is urgentJy needed.

Kircwl*$ge of õ]¿¡¡rrl*¡rriç åriÊ$ilù*äü

Frep*rec*v*ess

Socioeconomically disadvantaged a¡d low-

income respondents expressed a higher level of
conceln, which may reflect perceived lack of

25

20

I Women

E Men

!
5
!

o
C

E
o
o_

È

o

mask (Table 4). The responses provided by
indigenous particþants were similar, with 19 of
20 agreeng to wear a mask.

Reduction of uirus transmission Of adult em-

ployees interviewed, 61.70/o (95o/o CI:58 4,

64.9) said they would stay home from work if
they had symptoms suggestive of jnfluenza. A
smali proporhon of respondents (3.60/0; 950/0

Cl:2.7, 4.8; n:52) worked lÌom home and

were not included in any further analysis of
home isolation The proportion of respondents

who would miss work if they were ill rose

substantially (98.2o/o; 95o/o Cl:97 .1,98.9) if
this was recommended as part of a national

strategr to prevent the spread of infection. Men

were less likely than women to stay at home if
unwell (12,:36.842; P(.001): 56.00/o (950/o

CI:51.0, 60.9) and 72.60/o (95olo CI:68 4,

76.4), r'espectively.

Full-time employees were less likely to stay

at home with influenza-üke symptoms (56.90/o;

95o/o CI:52.Z 61.4) tha¡ were part-time em-

ployees (7 4.4o/o; 950/o CI : 68.5, 79.5;

Xzt:27 337; P<.001). When home isolation

was presented as a component of a national

strategy, we observed no signiflcant gender

difference Employees with a higher income
(>AU $80000) were less likely to stay at

home with an influenzalike illness (55.00/o;

950/o CI:48.5, 61.3) than were those with an

income under AU $20 000 (7 4.3o/o; 95o/o

CI:64 0, 82.5). A test for trend was signiflcant
(P(.001): as income increased by multiples of
AU $20000, the ploportion ofrespondents

who said they would stay home decreased by
4.9o/o (95o/o CI:Z.5,7 3)

{ì er*t*runíf y Attif.cldes Tq}weÈ r{3

Freparr*$ness
Fewer than one third of respondents

(32.Oo/o;95o/c CI-29.5, 34 6) betieved that
enough was being done to prepare for pan-

demic influenza: 44.7o/o (95o/o Cl:42.1, 47.4)
were unsure.

Respondents with higher educational at-

tainment were more concerned that not

enough was being done, with 66.50/o (950/o

CI:58.4, 73 8) suggesting that more should be

done; 59.30/o (950/o CI:54.3,642) of parlic-
ipants with secondary sdroolìng shared this
concerrr. More than 400/o of respondents

agreed that fufther information and education

needs to be provided to the public Other
púoúties suggested were vaccination (1 8. 3 0/o;

I 5o/o Cl: 16.4, 20.4), including compulsory

vaccination, and increased funding for vaccine

research (7 .lo/o; 95o/o CI: 5.3, 9.5).

More tha¡ one third of respondents (36.60/o;

950/o CI:34.1, 39 3) received most of their
information from television, and 16.90/o (950/o

CI:15.1, 18.8) Í?om newspapers. Doctors'

waiting rooms provided most information for
4.40lo of respondents (950/o CI:3.5, 5.6); only
7.2o/o (95o/o CI:0.8, 1.9) cited the Internet as

the most important source of information.

Most respondents (69 60/o; 950/o CI:67.1,
72.0) considered television the best means of
communication about pandemic infl uenza;
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TABLE 2-Respondent and Household Characteristics Significantly Associated With

Willingness to Buy and Store Antiviral Drugs in Preparation for a Pandemic lnfluenza: South

Australia, 2007

Compr-rlsory vaccination was supported by a

small proportion of ou¡ respondents. It has

been debated and rejected in Australia for
routine immunizations but has been accepted

in some states in the United States.3z The

community may consider that some circum-

stances warrarìt compuìsory immunization, sudr

as a global threat of disease with high morbidity

and mortality. The most wlnerable groups

within society, selected by our respondents as a

priority for vaccination, induded children, the

elderþ, and the ill. Children are aJso an important

priority for vaccination in government plans, to

contol the spread of infection, particularly to the

elderþ.33-35

Rationing of antivirals and vaccines is con-

troversial.36 The Aushalian government places

the highest priority on the protection ofproviders

IABLE 3-Respondents' Ranking of

Groups for Priorig for Vaccination to

Protect Aga¡nst Pandemic Influenza if
Vacc¡ne Supplies Were Limited: South

Australia, 2007

Pr¡ority for

Vaccìnation

Respondents,

No. % (95% Cl)

Characteristics

No. of Respondents,

Weighted % (95% Cr) x2 el

Gender (n = 1664)

Men

Women

First

Second

Third

Fourth

Educational attainment (n= 1661)

Secondary school/studying

Trade/certiRcate/diploma

Bachelofs degree

Residence (n = 1664)

Metropolitan

Rural

Household income, AU $ (n=1422)

< 20 000

20 001-40 000

40 001-60 000

60 001-80 000

> 80 000

3t7

374

45.9 (41.3, 50.5)

54.1 (49.5, 58.7)

49.8 (44.2, s5.5)

41 .7 (36.0, 47.71

34.9 (29.0, 41.3)

37.5 (32.5, 42.8)

44.4 (40.5, 48.3)

42.2 (36.7, 47.9\

325 (26.4,39.2\

39.7 (36.4, 43.2)

46.6 (4t.t,52.21

44.6 (38.5, 50.8)

48.7 (41.7, 55.71

42.0 (34.9, 49.5)

37.7 (30.9, 45.0)

33.3 (27.6, 39.4)

6.411 (.039)

22.368 (.001)

13.231 (.014)

6.202 (.037)

19.417 (,009)

Soc oeconom c status " quart e (n = 1657)

233

153

t17

183

382

208

100

489

202

116

138

110

90

126

¡Vote. Cl=confìdence interual. Data were weighted t0 the South Australian p0pulation. Respondents were asked, "When

antiviral medications are available will you buy and store these in preparation for a flu pandemic?"

"The measure was the S0ci0ec0n0mic lndex for Areas lndex of Relative Socioecon0mic Disadvantage, in quartiles fÍom l0west

to highest.

Ch¡ldren

Eldely

Hospital workers

Sick people

Doctors

Emergency workers

Parents

Pregnant ì¡lomen

Police

Politicians

Teachers

0ther'

Don't knol/il

Declined to answer

49.7 (47.0, s2.3)

23.3 (21.1,25.7)

8.7 (7.3, 10.3)

5.3 (4.2, 6.6)

2.0 (1.4, 3.0)

2.0 (t.4,2.3\

1.0 (0.6, 1.7)

0,3 (0.0, 0.6)

0.2 (0.1, 0.6)

0.2 (0.1, 0.6)

0.1 (0.0, 0.4)

4.0 (3.1, 5.2)

2.9 (2.0,4.2)

0.5 (0.2, 1.0)

981

461

172

104

40

39

19

5

4

J

2

79

57

I

resources in times of stress. This concern may

relate to the potential for loss of income or job

if they comply with govemment recommen-

dations, such as home isolation or quarantine,

as shown by Blendon et a1.27 orrr flndings and

those of other shrdies suggest that educational

interventions are required to improve fuust in the

community and to promoûe effective coping

mechanisms that could support implementation

of govemment sfu ategies.2s'2 
e

As a component of a pandemic influenza

education campaign, the community must be

made aware that the routine influenza vaccine

will not provide protection against a novel

strain and that an effective vaccine will need to

be developed.3o'31 In addition, the community

will need to be aware that because of delays in

I the provision of a vaccine, other preventive

measures will be required to minimize the spread

of infection, many of which could be promoted

for use during seasonal outbreaks.

A*ceptan*e ¡¡f Guvernrnent
Frepare*ln*ss $trateg[es

Support for development of a vaccine to

prevent pandemic influenza is strong.18 H5N1

vaccines are licensed in several counfies, and

polirymakers are considering vaccinating their

communities with a prepandemic influenza vac-

cine in the near fuürre, followed by a booster

pandemic vaccine when it becomes available.

A vaccine uptake of 800/o in the community is

likeþ necessary to provide herd immunity dur-

ing an outbreak. Our results indicate that most

citizens would agree to be vaccinated, but almost

120lo would refuse vaccination, meaning that 2.4

rnillion adtrlts would remain r-rnprotected and

would be able to spread infection.

Note. Cl=confidence interval. Data were weighted t0

the South Australian population. Sample s¡ze was

n = 1975. Respondents were asked, "lf supplies of

vaccine are limited '¡/ho in the community do you think

should receive the vaccine fìrst?"
ulncludes 

single individual responses 0r suggesti0ns 0f

spec¡flc age gr0ups (aged 15-20 years, < 21 years), or

other groups (Aborig¡nal people, city pe0ple, mothers

and grandmothers, people of low socioeconomic

background, farmers, persons randomly picked from

the population, those who can least afford it), 0r "it
doesn't matter."
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TABLE 4-Willingness to Use a Mask to Prevent Spread of lnfluenza During an lnfluenza

Pandemic by Age, Gender, and Employment Statusr South Australia, 2007

RespondentCharacterist¡cs Respondents,We¡ghted,N0. % (9570 Ct) x2 eJ

8.333 (.018)

86.e (83.8, 89.4)

91.0 (88.7, 93.0)

10.043 (.014)

87.0 (84.0, 89.5)

92.2 (89.5, 94.3)

90.6 (87.01, 93.3)

14.089 (.043)

87.7 178.7,93.2)

91 0 (88.0, 93.4)

96.0 (89.6, 98.5)

90.s (86.5, e3.5)

86.5 (83.1, 89.3)

of health and emergency serwices.ls'37 The dif-

ference in govemment and community púorities

will neer! to be adclressed to encourage com-

mumty participation in strategies to prevent

pandemic influenza Tl-re medranism by which

rationing of vaccines is commu¡icated a¡d
implemented will be vital in determining public

hrrst and reaction,

A majority of our respondents indicated a

willingness to stay home flom work wjth
sy'mptoms of influenza-like illness if requiled
as part of a national sh'ategr to stop the spread

of infection. During an influenza pandemic,

Irorne isolation rnay be lcquired fol up to a
week,37 ard oul data suggest that this shategr

would be supportecl by the community. Wearing

masks is considered a high prioúty by the

Aushalian govcmmer{ which has designated

significant funding in its pandemic influenza

preparedness plans for fitting masks to all health

care workers. Our study showed robust com-

munity acceptance of wearing mask, although

no filther details, such as how long mask would

need to be wom or their efficary in preventing

transmission, were discussed during our inûer-

\1lews.

Our respondents expressed a need for more

pandemic influenza preparedness. This in-

cluded providing more information, and tley
designated television as the most appropriate

medium for communication. Most available

infornation is provided on the Intemet by
rôvprnmcnt aoeneies hut onlv a small nro-

portion of otu particþants hacl accessecì this

inforrnatioi-r; it may therefore not be the opti-

mal way to infom the community Our re-

spondents also identified funding for pandemic

influenza research and development of a vac-

cine as high priorities. Informing and engaging

the community could lead to community lob-

bying of government or to community ftlnding

for vita-l pandemic influenza resea¡ch.

È. in.¡it¡¡tâ*¡ir.:

Although our results may be used to infom
pandemic policy, the community may responcl

differently when the threat of a pandemic is

imminent The community's response is also

Iikely to be affected by the perceived effec-

tiveness of govemment strategies cluring a

pandemic and by a clear and consistent release

of information to the public, neither of which

was measured during our shrdy.

Nonresponse in telephone surveys may re-

sult in underrepresentation of subgroups

within the popuìation. This may be important

because of the high mor-tality in younger age

gr oups in previous pandemics 25 Weighting the

sr.u-vey data may compensate for this bias be-

cause it heþs ensure that the age and gender

Gender

Men

Women

AÉe, ll

18-49

50-64

>65

Employment

Unemployed

Retired

Home duties

Part time

Full t¡me

Note. Cl=confidence interval. Data were we¡ghted t0 the S0uth Australian p0pulation. For all categories, sample was

n = 1852. Respondents were asked, "Would yOu agree t0 wear a mask if advised that this t¡/as a way 0f preventing spread of

the infection?"

shucture of the sample better represents that

of the general population. TIüs type of sunzey

does not plovide an opportunity to give partic-

ipalis a detailed explanation of the tneasures

presented, including risks and benefits, whidr

might evoke a different response.

r.lor:* {s¡sio¡r*

Accurate information must be provided to

the public both before and during a pandemic

on how to care for those infected and how to

protect against the spread of infection. Provi-

sion of information in a clea¡, accessible, and

engaging way is required to optimize com-

munity acceptance of public health actions

to prevent or respond to a pandemic tt St 
"t-

egies tc reskìct the spread of disease u.iÌl be

ineffective if communication is not improved.

Although the Exercise Cumption report ac-

knowledged that communication to the public

was inadequate, Iittle has been done to raise

commurity awareness.

Community and govenrment need to work
as pa-rtners in planning fol a pandemic. The

needs of vulnerable groups within the com-

mr-rnily who may be severely affected should

be considerecl Clarity ancl transpa-rency of
decision-makii'rg, along with thorough and ef-

ficient communication of information to the

public, are essential to the mission of pandemic

influenza preparedness-prevention of a

global catastrophe. m
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Viewpoint

Should rout¡ne ch¡ldhood immunizations be compulsory?

D lsaacs,l HA Kilham2 and H Marshall3

1 Departments of Imnmnology and Infectious Diseases, and2Medicine, Children's Hospital at Westmead, Westmead, New South Wales,
3 Paediatric Trials Unit, Departnlent of Paediatrics, Women' s and Children' s Hospital, Adelaide, South Australia, Australia

Abstract: Routine childhood immunizations are compulsory in a small number of countries, including the United States of
America. Arguments used to justify making immunizations compulsory include enhancing the health of the community and
treating as paramount the rights of the chjld to be protected against vaccine-preventable diseases. But compulsory
immunization infringes the autonomy of parents to make choices about child rearing, an autonomy which we generally
respect unless doing so seriously endangers the child's health. We present a historical review and ethics discussion on
whether routine childhood immunizations should be compulsory. We conclude that, for both ethical and practical reasons,
routine immunization should not be compulsory if adequate levels of immunization can be achieved by other means.

Key words: bio-ethics; coercion; ethics; no fault compensation.

Childhood immunization is one of the most important and cost-
effective public health measures in our armoury. There is no
doubt that immunization reduces the incidence and severity of
infectious diseases and saves lives.l-3 But vaccines are unique
among public health measures, in that their administration
occasionally causes injury. Should routine childhood immuni-
zations be compulsory? In this paper we consider primarily
those immunizations currently recommended in the Australian
routine childhood schedule.2

HISTORICÄL PERSPECTIYES

Compulsory immunization: past and present

There is nothing new about compulsory immunization, nor
about vociferous anti-vaccination movements. The British Vac-
cination Act of 1853 made smallpox vaccination compulsory
for all infants in the first 3 months of life, and made defaulting
parents liable to a fine or imprisonment.a This was the first time
that public laws potentially infringed civil liberties, and the Act
spawned an Anti-Compulsory Vaccination League and an anti-
vaccination demonstration in Leicester attended by 100 000
protesters.a Vaccination rates fell and, in 1898, 'conscientious
objectors' were excused from having their children vaccinated.

'l'he United States of America has an even longer history of
compulsory immunization. The State of Massachusetts intro-
duced compulsory smallpox vaccination in 1809, while in 1922
the Supreme Court upheld laws requiring vaccination for
school entry.s

Routine childhood immunization, against at least some
infectious diseases, is compulsory in a number of countries,
including Croatia, France, Italy, Poland, Slovakia and Taiwan.
The United States of America has had school immunization
laws, requiring compulsory immunization at entry to licensed
day care and to school, for a number of years, although

enforcement has been variable. In the 1970s unimmunized
children were excluded from school during measles outbreaks.
In 19'17, a measles outbreak occurred in Los Angeles County.
After immunizing thousands of students, 50000 of the 1.4

million students remained unimmunized and were excluded
from school. Most retumed within days with proof of immu-
nity, and the number of measles cases plummeted.5 Recently
there has been greater emphasis on enforcing immunization
requirements at school entry. There is no national immuniza-
tion law, all regulations being State-based. The exact require-
ments vary but all States require diphtheria, measles, polio and
rubella immunization. Sanctions for non-compliance also vary,
and some States threaten to take child care proceedings if there
is persistent failure to immunize. Forty-eight of the 50 States

allow exemptions for those with deeply held religious beliefs
opposed to immunization, but only 15 States allow parents to
decline immunization for 'philosophic' reasons.) It is argued
that US school immunization laws mainly act as a safety net to
ensure that under-privileged children are immunized, while
offending 'very few', although tp Í.o 2.5Vo of students are

exempted in States which allow philosophic exemption.s

FACTUAL CONSIDERATIONS

Vaccines save lives; failure to immunize costs lives

The eradication of smallpox in the 1970s, by tatgeted use of
smallpox vaccine, has not only prevented many thousands of
deaths, but is estimated to have saved US$1.2 billion annually
in the 25 years since the last case \ryas reported.3 Poliomyelitis
has almost been eradicated from the world.6

More recently conjugate vaccines have reduced the annual
number of cases of Haemophilus influenzae type b (Hib)
infection, previously the commonest cause of meningitis in
industrialized countries, by over 95Vo.7 li4os¡ routine childhood
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Compulsory childhood immunizations

vaccines protect against comnrunicable diseases, which can

be transmitted person-to-person, and which we will term
transmissible. Immunization against transmissible infections,
for example, diphthelia, pertussis, polio, Hib, hepatitis B,
meningococcus, pneumococcus, varicella, protects the child,
but also reduces spread to other children and adults, Lesulting in
herd inrmunity (see below). Universal rubella immunization is

a special case, whele the direct benefit is prinrarily to persons

other than the recipient, by reducing the incidence of congenital
rubella syndrome. In contrast, tetanus itnmunization protects
only the recipient. because tetanus is not transmissible.

It is solnetimes argued that vaccine-pleventable diseases are

no longer as serious, and that modenr medical treatment would
prevent the high morbidity and mortality once seen. A recent
example illustrates the fallacy of this belief:

The break-up oi iire Soviei Uriiorl caused eitoritrous riisr'rtp-

tion to health services. As a result lates of childhood immuni-
zation fell drastically. Between 1991 and 1996 there was an

outbreak of diphtheria, with over 140 000 cases notified and
over 40(X) deaths.s

Vaccine-pleventable diseases remain Iife-threatening, and

outbreaks will recur if immunization levels fall.

Immunizations can be harmful

Although the commonest adverse events following immuniza-
tion are relatively minor and self-lirniting, such as local reac-

tions, fever and irritability, immunizations can occasionally
cause severe illeversible compfications and rarely, even death.

Vaccine-associated paralytic polionryelitis (VAPP) is esti-
rîated to occur once in every 2.4 million doses of oral polio-
virus vaccine (OPÐ.e Measles vaccine causes an acute

encephalitis wiih an incidence oí one in a rrrillion doscs,
although in contrast the incidence of acute encephalitis after
wild-type measles infection is about one in a thousand.lO
Yellow fever vaccine has caused yellow fever in a small
number of recipients, and six deaths have been reported from
fulrninant yellow fever acquired from the vaccine.ll

ETHICAL CONSIDERATIONS

Risks versus benefit

We take calculated risks every day of our lives. Travel is a

good example. The speed and convenience of road, raìl and air
travel mean that most persons accept the slight risk of an

accident in favour of the benefits offered by quickel travel.
In general the benefits of imrnunization far outweigh the

risks. The risk of vaccine-induced injury is hundreds to thou-
sands of times lower than the risk of similar complications of
the natural, wild-type infection. r-3

People who are aflaid of harming their children by immuni-
zation tend to over-emphasize the risks ofvaccine injury and to
minimize the risk of wild-type disease.2 This reflects a general
tendency to be nrore worried about causing damage to one's
child by doing something to them than by not doing it. This is
referred to as the fear of commission rather than of omission.2
In his autobiography, Benjamin Franklin \ryrote with tragic
eloquence:

ln 1136,I lost one of my sons (Francis Folger') a fine boy
oi 4 years olci by ihe smaiipox. I lortg regretied bitterly
and still regret that I had not given it to him by inocula-
tion. This I nrention for the sake of parents, who omit the
operation on the supposition that they should never
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fbrgive themselves if the child died under it: my exarnple
shows the regret rnay be the same eithel way, and that
therefole, the safel should be chosen.

Public health and paternalism

Some public health interventions that have been shown to
prevent injury or death have been made compulsory, because
the public cannot be trusted to cornply unless there is a degree
of coercion. Examples include sealbelt legislation, motor-
cycle helmets, bicycle helmets and swimming pool fences.
Sanctions for disobeying regulations are usually fines, and
possible loss of motor vehicle licence lor freqnent offenders
regarding seat belts and motor'-cycle heln-rets. Those who
uppusc sucil tcBrsrauuil uu su lut ulllclcilt rtr¿tsuils, suuil ¿ts

because it is paternalistic, but they also tly to argue that the
intervention may itself be halmful. Seat belts can occasionally
cause crush injuries to the chest ol spine, and while being
thrown tiom a car is likely to result in injuly or death, being
thrown out occasionally avoids injuly, for example from fire.
Helmets decrease the risk of head injury, but may rarely inflict
damage. Those opposed to swirnming pool f'ences even tl'y to
argue, contrary to the evidence, that pool fences may give a

false sense of seculity and increase the risk of drownings.
Are the above public health interventions comparable to

irnmunization, because the benefits outweigh the risks, or is
irnmunization different? It seems to us that thele is an irnpor'-
tant difference between immunization, which involves the
injection of foreign material, even though with the intention of
protecting the recipient and the community, and the compul-
sory use of seat belts, crash helmets or pool fences. Compelling
sonreone against their will to have an immunization could be
seen as constituting a physical assault, whereas the other
interventions are substantially less invasive.

Herd immunity and the paradox of the 'free riders'

Herd immunity is the phenomenon that, once a critical propor-
tion of a population is immune to a particular transmissible
disease, through infection or immunization, the disease can no
longer circulate in the community.l2 The concept only applies
to diseases such as diphtheria, measles and pertussis, which are
confined to humans and transmissible person-to-person. If there
is an animal leservoir, and no transmission from person-to-
person, such as for tetanus or rabies, then an individual derives
no benetìt from the immunization of others in the community.
An individual is only protected against tetanus ifthat individual
is immunized.

The critical level of population immunization to achieve
herd immunity varies from disease to disease. For Hib disease,
rates fall rapidly once 85Vo of infants are immunized.l'2
Measles lequiles approximately 95Va imn'nnization fates to
stop any outbreaks.2'3 Pertussis continues to cil'culate, although
at much reduced intensity, even when high levels of immuniza-
tion are retained; the reason is thought to be waning immunity
in adults, who then infect babies. One major benefit of high
rates of immunization is to protect, from diseases like whoop-
ing cough, babies too young to have been immunized (almost
all whooping cough deaths are of babies under 3 months old).7

An important implication of herd immunity is that failure to
inl¡nunize a child agailrsi a ilans¡nissible iirfectioli rnay iioi orily
render that child susceptible to infection, but may impelil other
children. Unimmunized school children in Colorado had a

greatly increased risk of catching measles (22-foß) and perlussis
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(6-fold).13 In addition, pertussis outbreaks were more likely in
schools with a higher percentage of unimmunized children.l2
Immunization against pertussis is not 1007o protective, so fully
immunized children were catching pertussis, and possibly
transmitting it to their infant siblings, yet the pertussis was
circulating largely because some oftheir fellow school children
were not immunized.

When the population is highly immunized against a disease
subject to herd immunity, then a parent may elect not 1o have
their child immunized, and the child is protected by the herd.
Such parents are sometimes referred to as 'free riders'.la If the
number of free riders increases, the population becomes more
susceptible, and the disease will start to circulate.

What this description also illustrates is that the risk-benefit
equation of immunization against a transmissible infection
varies for any single child in the community according to
community rates of immunization. If almost all other children
are immunized, then a child can be unimmunized and benefit
from herd immunity. If vaccine-preventable diseases like
measles and pertussis are circulating, because of low levels of
immunization, the benefit of immunization for any individual
far outweighs the risk. A corollary is that immunization of a

child against a transmissible infection protects the community
as well as protecting that individual.

Arguments in favour of compulsory immunization

(i) Comnunitarian

Communitarianism is a modern term for a philosophical theory
that insists that we recognize the value not only of individual
freedom but also of thc common good.ls Although communi-
tarianism is a modern term, it is an ancient concept: philoso-
phers such as Aristotle and David Hume espoused the
importance of the community.l5

A communitarian may well argue that immunization benefits
the whole community and protects the common good of
society, and that since its significance in protecting the
common good outweighs its significance in limiting individual
freedom, immunization should be compulsory. An extreme
communitarian might say that everyone in the community
should be immunized (unless there is a medical contra-
indication) and that anyone who declined immunization was
effectively declining to be part of the community and should be
forced to leave the community. A moderate communitarian
would find a less draconian sanction for non-compliance.

(ii) Consequentialist

Consequentialists or utilitarians argue that actions or policies
are good or bad according to the balance of their good and bad
consequences. Compulsory immunization would be preferable
to voluntary immunization if it produced the best overall result,
from a perspective that gives equal weight to the interests
of each affected party. Compulsory childhood immunization
would almost certainly result in less disease and hence less
suffering, which would outweigh vaccine adverse events. A
bad consequence to consider, however, is the lim'itation to
personal freedom occasioned by coercing people to immunize
their children. If compulsory immunization caused concern
about coercive govemment control, yet voluntary immuniza-
tion could achieve almost equally high rates, then a consequen-
tialist might prefer voluntary immunization. If compulsory
immunization was the best way to protect children and was
acceptable to the community, then a consequentialist should
favour compulsory immunization.

D lsaacs et al.

(iii) Rights-based: rights ofthe child and the contntuniry

An advocate of child¡en's rights may well argue that, because
children need to be protected from dangerous infectious dis-
eases, they have a right to the protection afforded by immuni-
zation.t6 Such a right, it might be argued, generates a duty on
the part of parents (or, if they are negligent in the fulfilment of
that duty, on the part of the state) to immunize the child. Since
it is well known that some parents will be negligent with
respect to this duty, the state must accept that it has the duty to
ensure that each child is immunized, and if it is objected that
parents have a right to decide how best to look after their
offspring's health and well-being, the advocate of the child's
right may well claim that the child's right to protection has
priority over the parents' right to decide.

A communitarian might say that the community's interests
should take preference over individual rights. How do we
decide which rights should be paramount: the child's, the
parents' or the community's? One answer is the degree of
risk.rT If the risk to the child or the community is high, then it
may be necessary to over-ride the parents' right to choose. A
child bitten by a rabid dog will almost certainly die unless
given rabies vaccination. If a parent refused rabies vaccination
in this circumstance, the situation would be a child protection
issue, and the child's right to protection would be the para-
mount consideration. This situation is analogous to a child
of Jehovah's Witness parents who is bleeding to death: the
child is too young to choose, and the child's safety becomes
pre-eminent.

If there was an outbreak of a vaccine-preventable disease,
which was devastatingly severe and children could not be
protected simply by exclusion from school, it might be argued
that compulsory immunization would bc justificd. An cxamplc
might be an outbreak of smallpox due to a bioterorist attack.

Arguments against compulsory immunization

( i ) Re sp e c t fo r ¡tare ntal autononxy

Respect for the autonomous choices of other persons is one of
the most deep-rooted concepts in moral thinking. It is tempting
for proponents of immunization to say that a child cannot make
an autonomous decision about immunization and we should
over-rule parents who decline to have their children immu-
nized. But how far should we interfere with parental choices
about child rearing? In any society, particularly a pluralist or
multicultural society, there are many views on what is accepta-
ble in rearing children. In general, parents have to live with
their choices for their children and it is usual to respect such
parental choices. The only exceptions to this are when the
parents' actions or choices result in serious harm or neglect, i.e.
child protection issues.

(ii) Rights-based: rights ofÍhe parents

A rights-based approach can also be used to argue against
compulsory immunization, because the child's parents also
have rights. These rights derive from the fact that they con-
ceived, bore and reared the child and have a significant
emotional and financial investment in the child's current and
future well-being. This creates an obligation on others to
respect parents' right to bring up their children as they see fit,
unless they cause serious harm to the child. To argue that
parents should be compelled to immunize their children in
the child's 'best interest' is to ignore the fact that a child is
part of a family. The child of parents who are religiously or
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philosophically opposed to immunization is quite likely to
grow up opposed to immunization. To have been forcibly
imrnunized in childhood will then be viewed by the adult as a
societal assault.

(iii) Variable risk-benefit of different vaccines

Even if protection of the conrnrunity is a cornpelling cornrnuni-
tarian algument for compulsory imrnunization, it only applies
to transmissible infections, and not tetanus. Furtlrermore, the

risk-benefit equation valies fronr disease to disease and varies
over time fol a single disease, depending on incidence. To
make all routine childhood immunizations compulsory risks
i gnoring these important intrinsic differences.

(iv) Trust t,ersus St¿tte coerctort

The state already applies coercion to many of our daily
activities. Do we want to live in the sort of society that extends
nnprninn f^ rñrìf inê immrrnizcfinn? Â f ñrêcênf mqnr¡ indrrctriql-

ized countries achieve high levels of immunization without the
need for compulsion. If such high levels can be maintained
through encouragement and incentives, this effectively achieves

the aims of the moderate communitarian, without the need for
legislation. Compulsory immunization would be certain to
inflame those who already believe that their Govelnment
interferes too much with their freedom. What is more, coercion
rnay alter perception of risk. People who are coerced into an

action may be more likely to perceive the action as being risky
than if they are persuaded into it. Recent examples, albeit adult
rather than child, have been the mandatory imrnunization of
rnilitary personnel against anthrax and smallpox, which led to
rnany protests and loss of confidence. Most parents trust the
assuranccs of health carc profcssionals that thc bcnefits of
imrnunizing their child outweigh the risks, Making immuniza-
tions compulsory renders trust redundant. If State coercion can

be avoided in the area of routine childhood immunization, so
much the better

(v) Practicttl issues

Even if it was decided that routine childhood immunization
should be compulsory, there ale potential practical difficulties
in enforcement. We often physically lestrain a young child to
immunize them, but with parental consent. To physically
lestrain a child and immunize them against their palents' wish
eould eonstifufe an assault, which only seems justifiable in a

situation of extreme risk, such as post-rabies exposure. The
alternative is to introduce sanctions for non-compliance, such
as fines or even draconian measures like child care proceedings
or imprisonment.

Alternatives to compulsory immunization

Most countries do not have compulsory routine childhood
immunization. Instead they employ one or more of the follow-
ing strategies:

(i) EdLtcatbn

If education of the cornmunity and of health care providers
about the benefits of immunization achieves levels of vaccine
uptake that prevent circulation of infectious diseases, then
it is unnecessary to introduce legislation to compel parents to
conform.
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(ii) lnducernenls

Inducements may be offered to parents or to providels, such as

general practitioners. Inducements to parents usually take the
forrn of linking child care benefit payments and/or rnaterlity
benefits to imrnunization status. Could this be seen as a fonn of
coercion, palticularly to poorer families who ale far mole
dependent on such welfare payments? A comrnunitarian might
argue that if society provides child and tarnily payments, it rs

reasonable for society to expect and even demand that children
be immunized to help protect the whole cornmunity. A compa-
rable situation might be taxes on cigarettes and alcohol. To ban
cigalettes ol alcohol infringes autonomy and is too coercive.
Taxation is less coercive and is proportional (the more you
srnoke and dlink the more you pay). Both taxation of cigarettes
and financial penalties for non-irumunization follow principles
of distributive justice. Smoke it you must, but your taxes will
off set ihe oosi lo society of smoking-related illnesses. Il you
choose not to immuniz-e your child, the benefit payments saved
rr¡ill hpln ncv lnr rhê ê^cl nf infcnrin,,c dicpecpc

(iii) School excLusion during outbreaks

In New Zealand and some states of Austlalia, evidence of
children's immunization status rnust be presented at school
entry.ls Immunization stalus rather than immunization is
compulsory. Unirnmuniz-ed children are excluded from school
during outbreaks.

( iv ) O utb retú I egis I at ion

It is possible to enact emergency legislation to cornpel immuni-
zation in the event of an outbreak, such as an influenza
pandemic or a bioterrorist srnallpox attack. On the other hand,
compulsion is scarccly likcly' to bc ncccssaiy whcn thc thrcat of
death is vely high.

(v) No fault vaccine inju\, çpn¡¡r",rs¿tlit¡tt schentes

If the State makes immunization compulsory, then it seems
mandatory that the State should compensate the few children
who are injuLed by vaccines. Compensation should be for
medical costs, pain and suffering, disability benefits and, if
necessary, benefits for loss of earning and death.l9

It could be argued that, because parents have their children
immunized in good faith, and because no-one is to blame for
the rare, severe, unpredictable vaccine injuries that occur, then
Govemments should introduce no-fau1t compensation schemes
even when immunization is volunta-ry. Thus no-fault vaccine
injury compensation schemes plobably ought to be in place
regardless of, rather than as an alternat'ive to, compulsory
immunization laws. There are at least l3 vaccine injury com-
pensation progl'ammes in the world, and immunization is
compulsory in only four of those countries.le

CONCLUSTON

Compulsory immunization will be regarded by many as justifi-
able in terms of the benefit to the individual child and to the
community. But, in order to respect autonomy, State coercion
should be kept to a minimum. We believe that, in general,
children should not be compulsorily irnrnunized when similar'
results can be achieved by education and inducements. Aus-
tralia is in the happy position of having achieved very high
rates of routine childhood immunizalion, over 90Vo, without the
need for compulsion.20
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The case for compulsion might be sftonger if immunization
levels fell, but might not be necessary, because in that case

epidemics would occur and the public would quickly recognize
the value of immunization.

Whether or not childhood immunization is compulsory, a

strong ethical case can be made for introducing a no-fault
compensation scheme in Australia, and indeed in other
countries.
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Chapter 4: Vaccine Safetv

Extensive limb swelling reactions following DTPa-containing vaccines

Post licensure surveillance of adverse events is an important component of any immunisation campaign.

Rare adverse events not observed in smaller clinical trials may not be apparent until a vaccine is introduced

into the community. Adverse events monitored in clinical trials include local injection site reactions and

systemic reactions such as fever, general malaise, headache etc.

Through passive surveillance of adverse events after immunisation in South Australia, an increase in the

rate of injection site reactions (lSRs) after the foufth dose of DTPa vaccine and an increased relative risk of

an ISR after DTaP primary immunisation were observed, in comparison with diphtheria, tetanus, whole cell

pertussis vaccine (DTPw). Similarly, in other countries, increases in the rates and severity of lSRs were

observed with successive doses of DTPa vaccine, Previous studies had indicated that the incidence

ranges lrom2%lo24o/o depending on the definition of ISR used, ln contrast, rates of systemic reactions

seemed to remain constant or even to decrease with later DTPa vaccine doses. The pathogenesis of lSRs

is complex, probably multifactorial, and not fully understood. Various hypotheses have been formulated,

which include a role of the antigen content of the vaccines, high pre-vaccination levels of antibodies, the

use of aluminium adjuvants, and a Th2 orientation of cytokine production.

Of greater concern is the increased incidence of extensive limb swelling (ELS) reported after booster doses

of DTPa vaccines. An ELS reaction is defined as swelling and/or redness over a substantial area, involving

at least one half of the circumference of the limb and involving an adjacent joint above or below the

injection site, commencing within 48 hours after immunisation and resolving completely without sequelae.

This type of reaction is not unique to DTPa vaccines and has been observed after administration of other

vaccines, such as DTPw and hepatitis B vaccines.

The reduced-antigen content diphtheria-tetanus acellular pertussis (Tdap) vaccine was shown to result in

less-extensive lSRs when used as booster immunisations for 4 - to 6 -year-old children who were primed

with DTPw.

Our unit has been involved in research into ELS reactions following booster doses of DTPa containing

vacctnes.
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13, Jacquet JM, Begue P, Grimprel E, Reinert P, Sandbu S, Silverdal SA, Faldella G, Nolan T, Lambert S, Richmond

P, Marshall H, Roberton D, Schuerman L. Safety and immunogenicity of a combined DTPa-|PV vaccine

administered as a booster f rom 4 years of age: a review. Vaccine 2006:24:2440-2448.

This review paper examined the cumulative safety and immunogenicity data for the combination DTPaIPV

vaccine discussed in Chapter 1, Although there are limitations when comparing reactogenicity data

between studies and between countries, some trends can be detected across the studies reviewed in this

paper. Local reactions following booster vaccination with DTPa-lPV appear more frequent after primary

vaccination with an acellular peftussis vaccine than after whole-cell pertussis priming, These observations

are in line with the literature, which describes redness >50mm in 15.2-50% and swelling >50mm in 15.8-

48.1% of children aged 4-6 years after a 4th or Sth dose of DTPa or DTPa-|PV vaccine.

Large injection site swelling reactions were reported after DTPa-lPV was given either as the fourlh or fifth

dose of DTPa, When given a fourlh dose, 3.3% of vaccinees reported diffuse swelling (extending beyond

the immediate vicinity of the injection site) but with no extension to an adjacent joint. When given as a fifth

dose, diffuse swelling was more frequent (6,5%), with some further extension observed. However only

1.2o/o of the vaccinees reported swelling that involved the elbow joint. This frequency is similar to that

reported after vaccination with DTPa vaccine in comparative studies in this age group. These results also

confirmed previous findings with the same DTPa-lPV vaccine, and are consistent with literature reporls of

entire upper arm (shoulder to elbow) swelling in 2.0-2.9o/o of recipients of a fifth DTPa dose.

Despite this phenomenon of increased local reactions with repeated doses, a fourlh or fifth consecutive

dose of an acellular pertussis-containing vaccine is still less reactogenic than a DTPw fourth or fifth booster

dose. lndeed, published studies have shown incidences of any pain, redness and swelling ranging from

28.9 to 100% after a foutlh or fifth consecutive DTPw dose, with grade 3 local symptoms ranging from 10.0

lo 52.6o/o.

A DTPa booster after a DTPw primary vaccination appears to be less reactogenic, with a DTPa primary

and booster series leading to an intermediate frequency of reactions.
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ln addition, on review of all the previous studies, DTPa-lPV vaccine was overall highly immunogenic and

elicited a satisfactory immune response, whether whole cell or acellular pertussis vaccines were

administered for primary vaccination.

14.MarshallH, Gold M, Genl R, Quinn P, Piotto L, Clarke M, Roberton D. Ultrasound Examination of Extensive Limb

Swelling Reactions After Diphtheria-Tetanus-Acellular Pertussis or Reduced-Antigen Content Diphtheria-Tetanus-

Acellular Pertussis lmmunization in Preschool-Aged Children. Pediatrics. 2006;118(4):1501-1509.

An extensive limb swelling (ELS) reaction after booster doses of the acellular peftussis combination

vaccines can be alarming to parents and vaccine providers. lf the nature of the reaction is not recognised,

an incorrect diagnosis of infective cellulitis may be made, resulting in inappropriate treatment with

antibiotics and often resulting in inappropriate hospitalisation. Despite the observed increase reactogenicity

these extensive swelling reactions do not cause significant disability as children are often only mildly limited

in their activities despite the increase in upper limb redness and swelling. ln particular, pain does not

appear to be a prominent feature in children with ELS reactions despite significant redness and swelling.

ln this paper we describe a clinical trial comparing DTPa versus dTpa (lower antigen diphtheria, tetanus

pertussis vaccine) in children who had previously developed an ELS reaction following the 18 month

booster DTPa immunisation. The aim of this study was to describe and compare the ELS reactions

following DTPa vs dTpa vaccine by use of clinical and ultrasound assessment,

During this study the maximal swelling, redness, and induration of the affected upper arm were measured

in millimetres by parentsicaregivers, following vaccination. The child was examined by a study medical

officer within 24 hours after notification of swelling by the parenVguardian. Ultrasound examinations were

performed to examine and compare the extent of swelling in children receiving DTPa or dTpa at 4 years of

age. Clinical and ultrasound examination of the ELS reaction were conducted 24 to 48 hours after

immunisation and repeated 48 to 96 hours after the first ultrasound assessment. The ultrasound

assessments were blinded with respect to use of DTPa or dTpa vaccine, Subcutaneous tissue thickness

and muscle thickness were measured in both the affected arm and the non affected arm, and the absolute

values were compared, Ultrasound examination of the joint was performed for children with clinically

apparent swelling extending to a joint,
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Ultrasound examinations showed a diffuse, echogenic, "snowstorm" appearance, consistent with diffuse

oedema of the tissues, All children showed evidence of oedema in both subcutaneous and muscle tissue,

extending to the humeral cortex, Subcutaneous and muscle tissues expanded to a maximum of 281% and

111o/o of the tissue thickness of the control arm, respectively. No fluid was detected in the shoulder joint for

children who clinically exhibited swelling that extended over the shoulder joint. All children developed

swelling of subcutaneous and muscle tissues.

The mean percentage increase in swelling of subcutaneous tissue for children who received DTPa vaccine

was 136.0% (95% confidence interval [Cl]: 73.1%-198.0%), compared with 124.3% (95% Cl: 66,5%-

182.0%) for children who received dTpa vaccine. This descriptive study formed pafi of a larger study (to be

submitted for publication), Although the sample size was too small to determine statistical significance of

the results, the larger study showed a trend with reduced reactogenicity in the group receiving the lower

antigen content vaccine,

This study demonstrated that the ELS reactions are attributable to marked oedema in both the

subcutaneous and muscle tissue spaces, with fluid accumulation being greater in the subcutaneous tissue

space. lt is interesting to note that there was significant subcutaneous oedema, given that the vaccines

were administered by the intramuscular route. The swelling of muscle tissue was generally not as extensive

and seemed to resolve more rapidly than the swelling in subcutaneous tissue; this might be related to the

better blood supply to muscle, compared with subcutaneous tissue,

lpresented these study results at the 9th National lmmunisation Conference/1s Asia Pacific Vaccine

Preventable Diseases Conference, in Cairns, Queensland, Australia, August 19 -20,2004.
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Abstract

A combined DTPa-IPV booster vaccine was adrninistered as a 4th or 5th dose after DTPa or DTPw prirning. Over 99Yo vaccines developed

antibody levels considered to be protective to diphtheria, tetanus and poliovirus, and >950lo rnounted a response to acellular pertussis antigens.

Rectal temperature >39.5 'C was observed in at most 3 .2o/o of vaccinees. Swelling >50 rnln occurred in 24o/o of DTPa-prirned cotnpared to

5.5% of DTPw-prirned children. Large swelling involving the entire upper ann (extending to involve the elbow joint) was reported for up to

1.2%o of DTPa-prirned subjects, which is consistent with literature reports for other DTPa vaccines.

O 2005 Elsevier Ltd. Al1 rights reserved.

Keywords: Immunogenicity;Vaccinc-associatcdadvcrscevents;Accllularpcrtussisvaccine;Boostervaccination

1. Introduction

In many industrialised countries, a change in the epi-
demiological pattem of pertussis has been witnessed in the

aftermath of high DTP (diphtheria-tetanus-pertussis) vacci-

Abbreviatiotts : DTP, diphthcria-tctanus-pcrtussis combincd vaccine;
DTPa, diphthcria-tctanus acellular pcrtussis combined vaccine; DTPw,

diphthcria-tctanus whole-cell pertussis combined vaccine; GMC, geomet-

ric mean concentrations; GMI geometric mean titres; IPV, inactivated polio
vaccine; OPV, oral polio vaccine; MMR, measlcs-mumps-rubclla
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Rixcnsart, Bclgium. Tcl : +32 2 656'1263; fax: +32 2 656 6414.
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nation coverage. In the pre-vaccine era, the peak incidence
of whooping cough was in children aged 1-5 years [], who
constituted the main reservoir for pertussis infection. Nat-
ural immunity following infection was maintained into and
throughout adulthood by re-exposure to circulating Borde-
tella pertussis. Today, after the major decline in the overall
incidence of pertussis that followed the widespread intro-
duction of DTP vaccination in the 1940s, a resurgence of the

disease is being observed. This is characterised by a switch in
the incidence to older age groups, from school-age children
to adolescents and adults, as well as to young partially vacci-
nated infants [2-l l]. This resurgence, observed in countries
with a sustained and widespread use of pertussis vaccine,



is the consequence of waning of immunity following vacci-
nation or disease and the lack of regular natural or vaccine
boosters.

All the observations suggest that the mere reinforcement
of vaccination coverage within the first 2 years of life is insuf-
ficient to stop the circulation of B. pertussis, and will not
prevent transmission to the youngest infants. Strategies to
protect this vulnerable population are being devised. These
include neonatal immunisation against pertussis [2], immu-
nisation of adults including twomen planning pregnancy, and

immunisation of adolescents in order to prevent transmission
to young infants [13]. Still, there is a clear need for booster
doses of pertussis vaccine beyond infancy in order to pro-
iong immunity. Base<í on iocai epiciemioiogicai features and

other considerations, recommendations for a late pertussis
booster involving pre-school or pre-adolescent [14] children
^-^ ^---^--:^¿^4r ç 4PPr vPr r4rç.

Existing primary vaccination schedules vary widely; the

DTP booster may be given not only at different ages, but after
a pertussis primary series differing in nature (whole-cell or
acellular) and in the number of doses given. The purpose of
this article is to review the clinical experience with Glaxo-
SrnithKline Biologicals' cornbined DTPa-IPV vaccine when
administered as a late booster in representative situations:
after DTPa or DTPw primary vaccination, at 4-7 years of
age or at I l-13 years of age, as a 4th or 5th dose of per-
tussis vaccine, or after primary vaccination with an oral or
inactivated polio vaccine (OPV and IPV, respectively). The
review will evaluate the immunogenieity ancl the safety of the
vaccine.

2. Methods

All clinical studies conductedby GlaxoSmithKline (GSK)
Biologicals with DTPa-IPV given in early childhood after
a primary immunisation series are presented. The six stud-
ies, performed in five countries, served as the basis for the
regulatory approval of the late booster indication for the
vaccine. The study protocols were approved by the relevant
ethics committees and the studies were conducted according

Table I

Vaccination history and dcsign of studics
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to the Declaration of Helsinki and Good Clinical Practice
Guidelines. Written informed consent was obtained from
the parents or guardians of all children before their enrol-
ment. Routine vaccination had been administered previously
according to the standard schedule recommendations in the
respective countries. The reactogenicity and safety ofthe vac-
cine were evaluated in the six studies, and its immunogenicity
was evaluated in five of them.

2.1. Stud¡, design

The design of the studies presented here is summarised in
Table 1. All studies were conducted in an open fashion. Four
studies were randornised so as to include a comparator group
receiving DT-IPV (studies B and E) or separate injections of
DTPa and IPV vaccines (studies C and D). In study D, the
second dose of measles-mumos-rubella (MMR) vaccine was
administered concomitantly with DTPa-IPV or DTPa and
IPV. A history ofa severe adverse reaction possibly related to
the pertussis vaccine was an exclusion criterion at study entry,
as classically recommended in the prescribing information
of pertussis-containing vaccines. After physical examination
and recording of body temperature, vaccines were given by
injection in the deltoid muscle. Each subject was monitored
for at least l5 min after the injection.

2.2. Vaccines

Each 0.5 ml dose of the DTPa-IPV vaccine (lnfanrifM-
IPV, GSK Biologioals) contains three acellular pertussis anti-
gens (25 pg of pertussis toxoid (PT), 25 pg of filamentous
agglutinin (FHA), 8 pg of pertactin (PRN)), >30IU of diph-
theria toxoid, >40 IU of tetanus toxoid, 40 D-D antigen units
of type I poliovirus (Mahoney strain), 8 D-D antigen units
of type 2 poliovirus (MEF-1 strain) and 32D-D antigen units
of type 3 poliovirus (Saukett strain).

2.3. Reactogenicity assessment

On the day of vaccination and the following 3 days, parents
completed diary cards soliciting local and systemic symp-
toms. These were graded in intensity as I (easily tolerated),

Study N Country Previous vaccines and schedule Booster (DTPa IPV)a

Age Comparator

A
B
C l2sl

Db [27]
E Í26)
F

Norway
France
Sweden

Italy
Australia
Francc
France

t28
73

210

DTPw and IPV at 3,5, l0-12 rnonths

DTPw and IPY at2,3, 4 and l6 l8 months
DTPa and IPV at 3, 5, l0 12 rnonths

DTPa at 3, 5, 10-12 months; IPV at 3, 5 months, OPV at l 0 l2 months and at 3 ycars

DTPa aT2, 4, 6 and, 12 24 rnonths; IPV (or OPV) at 2, 4, 6 months
DTPw and IPV at 2, 3, 4 and I 6-1 8 months; DT-IPV at 5 6 years

DTPw and IPY at2,3,4 and l6 l8 months; DT-IPV at 5-6 years

67
5*6
46
46
46

I l-13
l1 13

None
DT IPV
DTPa and IPV
DTPa and IPV
DTPa and IPV
DT-IPV
None

t8l
60

641

o In all studies, subjccts rcceived thc vaccines describcd in column 4, but in thc boostcr trials dcscribcd here, subjects rcccivcd cithcr combincd DTPa-IPV
or thc comparator listed.

b In study D, the MMR vaccine was concomitantly administercd with DTPa-IPV and with DTPa and IPV N= number of DTPa IPV vaccinecs.
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2 (interfering with daily activities) or 3 (preventing normal
daily activities). Redness and swelling at the site of injec-
tion were measured and graded as >20 and >50mm. Fever

was defined as rectal temperature >38.0 "C and grade 3 fever
as rectal temperature >39.5'C. Space was also provided on
diary cards to record any other symptom occurring during the

30 days following vaccination.
An increase in local reactogenicity, particularly in terms

of swelling, has been reported for the 4th and 5th consecutive
doses of DTPa vaccines [5-19]. In studies C and D, where
children received a full vaccination series with an acellu-
lar pertussis vaccine, large swelling reactions ofthe injected
limb following vaccinationwere to be reportedby the parents.
These were analysed according to the following three cate-
gories: (i) local swelling reactions, i.e. confined to the injec-
tion site, with diameter >50 mm; (ii) diffuse swelling reac-
tions not involving the adjacent joint; (iii) diffuse swelling
reactions involving the adjacent joint. Associated functional
impairment was recorded and scored.

2.4. Serological analyses

Blood samples were collected before and I month after
the administration of study vaccines in all studies except
study F. Sera were kept at -20"C until serological analysis
at GSK Biologicals for studies B, C, D and E. Serolog-
ical assays for study A were performed at the laboratory
of Dr. Michael Pichichero (University of Rochester, USA).
Anti-diphtheria and anti-tetanus antibodies were measured
by an enzyme-linked immunosorbent assay with a cut-off
of 0.1 IU/ml, which is a conservative estimate for protective
antibody concentrations [20,21]. Neutralising antibodies to
diphtheria were also measured in study C using an in vitro
neutralisation assay on Vero cells 122,231 with a cut-off of
0.016IU/ml. Antibodies against the three pertussis antigens
were determined by enzyme-linked immunosorbent assay

with cut-off, for all three pertussis antigens, set at 5 EL U/ml,
which was th¡ee to four times higher than the lower quantita-
tion limit of the assay. Also evaluated were the sero-responses
to Pl FHA and PRN, defined as the appearance of antibod-
ies in initially seronegative children and at least a two-fold
increase in antibody concentration in initially seropositive
children. Neutralising antibodies to poliovirus types 1, 2 and

3 were determined using a modification of the WHO/EPI
microneutralisation test method 1241, a titre of 8 being con-
sidered as seroprotective.

2. 5. Statistical analysis

All analyses were performed using SAS software. In
comparative studies, between-group analysis was performed
using Student's /-test for post-vaccination antibody geometric
mean concentrations/titres (GMC and GMI respectively),
and using two-sided Fisher's exact test for incidences of
symptoms. Differences were considered statistically signifl-
cantwhenp<0.05.

J.M. Jacquet et al. / Vaccine 24 (2006) 2440-2448

3. Results

3.1. Immunogenicity

A total of 619 subjects in five clinical studies were evalu-

ated for the immune response to the DTPa-IPV vaccine. One
month after the DTPa-IPV booster dose, all subjects had sero-
protective levels ofantibodies against diphtheria and tetanus
toxoid and poliovirus, with the exception of one DTPa-IPV
recipient, who still had anti-polio 3 titre <8 after booster vac-

cination in study C 1251. In children 4-7 years ofage (studies

A-D), more than 95o/o of the study subjects showed a sero-

response (appearance ofdetectable levels ofantibodies or at

least a two-fold rise in antibody levels) to the three pefiussis
antigens. In the age group I 1-13 years, all subjects developed

a sero-response to FHA and PRN and 66Yo to PT (study E

Í26D.
GMCs of antibodies to each antigen contained in the vac-

cine are shown in Table 2. In comparative studies, some
differences in GMCs were noted with the comparator vac-

cines. GMCs of antibodies against all pertussis antigens were
similar pre- and post-booster in the DT-IPV groups (stud-

ies B and E) who received no pertussis antigens. GMCs
of anti-diphtheria and anti-tetanus antibodies were signifi-
cantly higher in the DT-IPV control group in studies B and

E. The GMTs of antibodies against poliovirus were signifi-
cantly higher after DTPa-IPV than after DT-IPV (for type 3

in study B and types 1,2, and 3 in study E);whereas GM'l's of
antibodies against poliovirus types were significantly higher
in the DTPa + IPV control group (for types l, 2 and 3 in study
C, and type 2 in study D).

In study D, where a 2nd MMR vaccine dose was given
concomitantly, all the subjects who were seronegative for
measles, mumps or rubella prior to vaccination were seropos-

itive afterwards, with the exception of one subject, receiving
DTPa and IPV separately, who did not respond to measles

1271.

3.2. Reactogenicity

A total of 1293 subjects were evaluated for safety and reac-

togenicity after the administration of the DTPa-IPV booster

in six clinical studies. The incidences of tèver were similar
in the four studies conducted in children 4-7 years of age

(Table 3). Fever above 39.5'C was infrequently observed.
The highest incidence (3.2%) was seen in study A. Fever was

less frequently reported (0.2%) in the 1l-13 years age group
(studies E and F) than in younger children.

Pain was the most frequently reported symptom in all stud-

ies and groups. It is to be noted that in studies C and D, where
local reactogenicity is reported regardless ofthe vaccination
site for separate administration control groups, the DTPa vac-

cine is the main contributor to the incidence of local reactions

in these groups. The DTPa-IPV vaccine was not more reacto-
genic than separately co-administered DTPa and IPV (studies

C and D, Tables 3 and 4). It led however, to significantly



Table 2

Geometric mean antibody concentrations and titres with 95% CI

Vaccinc N Anti-D (IU/ml) Anti-T (IU/ml) Anti-PT (ELU/ml) Anti-FHA (ELU/ml) Anti-PRN (ELU/ml) Anti-polio I

Study A
DTPa-IPV

Prc 1 19

Post I l9

Study B
DTPa-IPV

Prc 72

Post '73

0.1 (0.08-{.11)
s.8 (4.8-6.e)

0.r (0.09-{.15)
6.2- (4.8-:7.9)

0.1 (0.08-0.14)
l1.3 (8.9-14.s)

0.08 (0.07-o.09)
6.2 (s.4-7.2)

0.09 (0.08-{.r)
6.2 (5.4-7.2)

0.19 (0.15-0.23)
s.9 (5.r-6.e)

0.21 (0.174.26)
6.0 (5.r-7.0)

r.0 (0.8-l 3)
r 1.3- (8.9-r4.3)

1.0 (0.8-1.4)
2r.9 (16.2-29.6)

0.8 (0.66-{.96)
t87 (16.Ç21.0)

0.3 (0.24.32)
13.6'(1r.3-16.3)

0.2 (0.rs-0.24)
r 9.3 (r 5.s-24.0)

0.15 (0.13-o.18)
r0.0" (8.8-r 1.3)

0.2 (0.1s-0.19)
8.s (7 .7-e.4)

0.36 (0.30-{.42)
7.9- (7.1-8.7)

3.1(2.7-3.s)
s2.1(43.841.9)

3.6 (3.04.3)
84.',7' (62.s -114.9)

3.6 (3.24.0)
63.2'(s6.1Jt.2)

3.6 (334.0)
77.9 (68.3-88.8)

s.4 (4.7-6.3)
110.9 (94.7-129 8)

r4.4 (11.8-t7 .7)

3t8.1 (279.3-362.4)

3r.8 (22.14s.9)
lOsl.r"(898 3-1229.8)

26.8 (19.3-37.2)
26.1 (19.31s.2)

30.0 (24.916.2)
73s.2 (6s3.4-827.4)

3r.8 (26 F37.8)
830.0 ('74'.7 .9-92t.2)

35.3 (30.H1.7)
372.0 (330.8417.3)

28.6 (24.4-33.s)
409.6 (362 9462.3)

30.8 (23.240j)
79s.0- (630.9-l00l.s)

13.7 (tt.2-16.6)
407.3 (330.8-501.5)

16.8 (12.7-22.3)
820.1 

-(656.8-1024.0)

73.:i (63.2-85.4)
1423 (1229-1648)

Anti-polio 2

91.9 (78.4-107 .8)

l6l4 (1393-1871)

Anti-polio 3

7s.1 (s9.8-84 4)

1823 (1s0Ç2206)

DT_IPV
Prc 7l
Post 69

Study C
DTPa-IPV

Pre 201
Post 208

DTPa+IPV
Prc 189

Post 195

Study D
DTPa-IPV

Prc 160

Post 166

DTPa+IPV
Prc 154
Post 163

Study E
DTPa-IPV

Pre 53

Post 53

DT_IPV
Pre 49
Post 49

34
35

(2

(3

S

s
s

s
F

S.

N

ñ
ÕÈI
N
À.

IN
À.
Oo

e-4 0)
0-4 0)

12.3 (9.0-16.9)
l 1.7 (8.5-16.1)

27.2 (23.0-32.3)
995.6 (863.5-l 147.9)

18.(t (12.8-2s.4)
1461 (1104-1933)

6s.3' (49.9-8s.4)
2096- (1818-2417)

r5.6 (l 1.7-20.8)
ts33 (ns7--2032)

21-8 (16 3-29.0)
l0s3 (820-1354)

25.7 (18.7-3s.3)
t0t2 (811-1264)

41.4 (32.0-s3.s)
1702- (1482-1955)

44.4 (31.941.7)
r74t. (1316-2303)

62. l (43.9-88.0)
982 (774-t246)

23.s (19.3-28.7)
2s43' (21221047)

22.9 (r8.6-28.t)
3274 (2820-3802)

23.9 (20.t-28.4)
1021.3 (9042-11s3.6)

s6.1', (44.2-72.6)
276,+ (24291t4s)

45.9 (36.4-58.0)
2736 (240C-Ztt8)

0.41 (0.35-{.48)
6.8 (6.2-7.4)

s.4 (4.74.3)
127.9 (112.4-t4s-s)

9t.1 (70.4-1t7.8)
3s32 (307s40s6)

47 .2 (37.4-s9.s)
486s (429Çssto)

39.6 (33.946.2)
70'1.0 (619.2-807.4)

38.2 (32.Ms.2)
663.0 (s7s.8J63.s)

23.9 (17 .9-31.9)
708.6- (s38.6-932.1)

s3.9 (42.M92)
3011 (2s9r-3s07)

45.6 (35.3-58.8)
3219 (27s8-3757)

182 2 (126.9-261.6)

137,1 (l0ls-l862)

82.6 (64.s-tls.7)
2883'(248+3346)

42.9 (34.s-s3.s)
4849 (42s8-ss2t)

1.9 (1.s1.4)
lo.l- (8.8-l 1.6)

1.8 (1.4-2.4)
24.8 (19.9-30.8)

93.2 (83.4-t04.2)
30s.4- (246.8-377.8)

96.1 (84.3-109.s)
96.6 (8s.G109.1)

r0s.2 (77.3-143.2)
1093- (s04-14s7)

85.4 (62.8-116.r)
27t4- (r97s-3730)

32.7 (24.3-44.r)
39.4 (30.9-s0.2)

20.6 (16.2--21.6)

2r.4 (16.9-27.2)
220.8 (rss.6-313.s)
167.t.1 (1238-2262)

121.8 (89.2-166.3)

709.9 (s26-942)
97.9 (68.8-139.3)
99s.2 (708-1398)

NÀs

. 
Significant difference as compared to control group (p < 0.05 two-sided Studcnt's r+est), comparison only performed for post-vaccination time point.
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Table 3

Percentage of childrcn reporting symptoms during the 4 days following booster vaccination

Study Previous vaccines Study vaccine N Temperature Pain Rcdness Swelling

>38.0"C >39 5'C Any Grade3 Any >20mm >50mm Any >20mm >50mm

Booster at 4 7 years ofagc
A 3DTPw

4DTPw

DTPa IPV

DTPa-IPV
DT_IPV

DTPa-IPV
DTPa + IPV

DTPa IPV+MMR
DTPa+IPV+MMR

124

73

7t

210
201

t7t
167

21.8

65.8

52.1

61.0
6t.7

g0.7*

89.2

8.1

54.8'
26.8

39.0

47.3

60.2

68.9

1.6

ll0*
0

25;7

31.8

32.7

41.9

194

52.1-

23.9

5 3.3

54.2

62 0.
75.4

9;7

32.9
1t.3

28.6
JJ J

43.9

44.3

1.6

5.5

0

t 3.3

16.4

24.O

28 1

18 5

15.1

l4.t

21.0
r 6.8

22.8
26.9

822'

32

00
0

00
00

806

648

65

55
85

B

Ca 3DTPa

Du 4DTPa

Booster at I l-l 3 years of age

E 4DTPw DTPa-IPV
DT IPV

F 4DTPw DTPa-lPV

0.8

l5
71.4 2.9

69.2 s.0

1.8

0.6

8r.3
754

'1.0

4.8

59

53

641

5.1

9.4

12.7

84;7

8l.l

80.0

10.2

s.7

6.4

49-2

60.4

40.9

23.7
302

1 8.1

67
t.5

2.3

ll9
9.4

13 302

54.2

49.t
0.0
3.6

1.4

" InstudiesCandD, localrcactionsarereportedforanysite,ic.reactionsnotedatthesitesofinjectionoftheMMRandlPVvaccincsaretakenintoaccount
* 

Significant difference as compared to control group (two-sided Fisher's cxact tcst p-value < 0.05).

(p < 0.05) more local reactions than the DT-IPV compara-

tor in 4-7-year-old children (study B). Such a difference
between the two vaccines was not seen in I 1-13-year-olds in
study E.

Redness and swelling of more than 50mm in diameter
appeared more frequently after DTPa priming (studies C and

D) than after DTPw priming. Redness and swelling >50 mm
were reported for 1.6-1 1.0%o of vaccinees in studies A, B, E
and F, primed with DTPw, and in 13.3-32.7o/o of the vacci-
nees in studies C and D, primed with DTPa. Large injection
site swelling reactions were solicited in studies C and D after
a full DTPa vaccination series (Table 4). In both studies, the

large majority of these reactions were limited to the vicinity
of the injection area. Diffi.lse swellings with no involvement
of an adjacent joint were observed in 3.3% of DTPa-IPV vac-

Table 4

Number (pcrccntagc) ofsubjects reporting large injection site swelling

cinees in study C (4th DTPa dose), and in 0.6% of DTPa-IPV
vaccinees in study D (5th DTPa dose). In the latter study, a

total of 11 subjects (6.5% of DTPa IPV vaccinees) experi-
enced diffnse swelling. For eight of those (4.7yo of DTPa-IPV
vaccinees) swelling involved the shoulder area, immediately
adjacent to the site of injection, and two subjects (1.2% of
DTPa-IPV vaccinees) recorded swellings of the whole upper
arm (from shoulder to elbow), involving the elbow joint.
Swelling ofthe whole arm down to the wristwas not reported.

These swelling reactions lypically occurred within 2 days of
vaccination, and completely resolved after an average of 4
days. Fewer bhan l\Yo of the observed large injection site

swellings (2 out of 28 in study C and 4 out of 42 in study
D) were accompanied with moderate or severe functional
impairment.

Study C Study D

DTPa IPV (N=210),
n (%)

DTPa (N=201),
n (%)

DTPa-IPV (N:171),
n (%)

DTPa (N:167),
n (%)

Any largc swclling reaction
Local swclling oonlìned tt-r tlrc injr:ution sitc

Diffuse swelling not involving an adjacent joint
Diffuse swelling involving the shoulder only

Swclling involving the shoulder and elbow joint

Associatcd symptoms
Functional impairment

Mild
Moderatc
Severc

Pain

Induration
Mean arm circumference incrcascu (cm)

Median rcsolution time (days)

28 (l 3.3)
21(10.0)

7 (3.3)

0

0

6 (2.9)

2 (r.0)
0

14 (6.7)

3 (r.4)
2.2

4

3s (17.4)

27 (13.4)

5 (2.s)

3(ls)
0

42 (24.6)

3l (18.1)

1 (0.6)

8 (4.7)

2 (t.2)

e(53)
2 (1.2)

2 (r.2)
27 (l s.8)
16 (9.4)

25
2

49 (2e.3)

30 (18.0)

e (s.4)

8 (4.8)

2(12)

5 (2.s)

4 (2o)
1 (0.s)

t4 (7.0)

7 (3.s)

2.1

-t

l0 (6.0)

4 (2.4)

0

27 (16.2)

21(12.6)
2.5

3

li Functional impairmcnt mild: easily tolerated, causing minimal discomfort and did not interfere with cvcryday activities; moderate: sufficicntly discomforting

to interfere with normal evcryday activitics; scvcre: prcvented normal cvcryday activities.
u Difference in circumfercncc bctween the injected arm and the opposite arm



Two serious adverse events were reported following
DTPa-IPV vaccination in study F, the safety study conducted
in 1 l-13-year-olds. The first was a case of appendicitis in a
72-year-old,22 days after DTPa-IPV booster vaccination.
The event was judged as unrelated to vaccination. The sec-
ond was a report of abdominal pain and diarrhoea, which
started on the day following vaccination in a l2-year-old.
The event was judged as probably unrelated to vaccination.
The two subjects fully recovered. No serious adverse events

were reported in the other studies.

4. Discussion

A total of 619 subjects, enrolled in flve clinical studies,
were evaluated for the immune response to the DTPa-IPV
.,.^^i-- 'I.L^ tì'FD^ TD\/ ,,^^^i-^ .,,^- l":^t t., :**,,-^^^-:^vrqù ¡rré¡¡rJ rr¡rrrru¡¡vÉv¡¡rv

in all circumstances (Table 2). One month after vaccina-
tion, all subjects had protective levels of antibodies against
diphtheria, tetanus and polio antigens, with the excep-
tion of one subject who did not achieve anti-polio 3 titre
above 8 in study C. Some significant differences com-
pared with the control group were noted for GMCs of
antibodies directed against these antigens. As virtually all
subjects had high and protective antibody levels for these
antigens, these differences are likely of limited clinical sig-
nificance.

Sero-response rates to the three perlussis antigens were
high, above 95Yo, in all five studies. An exception was the
66olo sero-response to pertussis toxoid seen in I 1-13-year-
olds in study E. This low percentage is likely to be explained
by the fact that all subjects were already seropositive in terms
of anti-PT antibodies before booster vaccination, with high
antibody levels (GMC:93.2ELUlml). It can be hypothe-
sised that these high levels of anti-pertussis antibodies in
this older age group were due to natural boosting via expo-
sure to circulating B. pertussis 17,28,291. Also, despite a low
sero-response rate, the pre-adolescents in this study had very
high anti-PT antibody GMCs I month after booster vacci-
nation; more than three-fold higher than the 5-7-year-olds
in study B, which was also conducted in French children

t261.
Likewise, I l-13-year-olds in study E mounted higher lev-

els ofantibodies against diphtheria than younger children. It
is likely due to the DTPa-IPV vaccine being a 6th dose of
D, T and IPV antigens in this study, and to the fact that anti-
body levels against these antigens tended to be higher before
the 6th dose in this study than before the 4th or 5th dose in
younger children in studies A-D.

Vaccination history did not significantly impact on the
immune response, either in terms of seroprotection rate or of
sero-response rate for pertussis, or in terms ofantibody levels
against diphtheria, tetanus or polio types. Indeed, no differ-
ences in the response to the booster vaccine were noted across
the four studies in4-7-yearolds, i.e. according to nurnber of
previous DTP doses (3 or 4) received.
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The DTPa-IPV vaccine was overall highly immunogenic
and elicited a satisfactory immune response, whether whole-
cell or acellular pertussis vaccines were adrninistered for
prirnary vaccination.

DTPa vaccines with a lower antigen content (dTpa and
dTpa-IPV) have been developed for vaccination of adults
or booster vaccination [30]. These vaccines can provide
in addition reduced reactogenicity. In the pre-school age
indication, these vaccines indeed lead to satisfactory lev-
els of seroprotection and sero-response, but are however
associated, at least for some antigens, with a trend to
lower antibody levels than full-antigen-content DTPa vac-
cines. These differences in antibody levels tend to disappear
over time, anci their ciinicai reievance is noi entireiy ciear

131,321.
Study D, which documented the co-administration of

+L^ ñ-rD^ lD\/ .,^^^:-^ ..,:+L ^ ^^^^-l Ã^^^ ^1 +L^ ìlùrDr¡lw u I r 4 It y vqvulllç wtttl d ù9!v¡lu uuùu ul tltç lvllvll\

vaccine, showed that this co-administration did not impair
the response to the diphtheria, tetanus, acellular pertus-
sis and polio antigens. The response to the MMR vac-
cine was also satisfactory with all subjects being seropos-
itive to the three components 1 month after vaccination

I27l
A total of I 293 subj ects were evaluated for safety and reac-

togenicity after the administration of the DTPa-IPV booster
in six studies. The vaccine showed a good systernic tolera-
bility. In subjects with a comparable vaccination history the
reactogenicity profile differed according to the age ofbooster
vaccination; with lower incidences in olcler children, when the
interval between the last two injections of pertussis vaccine
was larger (studies E and F compared with study B). The inci-
dence of fever was low after DTPa-IPV booster vaccination
in all the studies reviewed, and rectal temperature >39.5'C
was reported infrequently.

An increased local reactogenicity has been reported after
4th and 5th consecutive doses of acellular pertussis DTP
combinations [15 18]. Although there are limitations when
comparing reactogenicity data between studies and between
countries, some trends can be detected across the studies
reviewed here. Expectedly, local reactions following booster
vaccination with DTPa-IPV appear more frequent after pri-
mary vaccination with an acellular pertussis vaccine (studies
C and D) than after whole-cell pertussis priming (studies
A and B). These observations are in line with the liter-
ature, which describes redness >50mm in 15.2-50Vo and
swelling >50mm in 15.8-48.1% of children aged4-6yearc
after a 4th or 5th dose of DTPa or DTPa-IPV vaccine

I I 5,1 8,33-36].
Extensive swelling reactions are recognised to occur

after booster vaccination with different vaccines including
DTPw [37], acellular pertussis alone [38], DTPa [5-17]
and other vaccines [39]. The aetiology of these reactions
is not fully understood and is still a fleld for research.
Various hypotheses have been formulated, which include
a role of the antigen content of the vaccines, high pre-
vaccination levels of antibodies, the use of aluminium
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adjuvants, and a Th2 orientation of cytokine production

140,4t1.
Large injection site swelling reactions were reported after

DTPa-IPV given either as the 4th or 5th dose of DTPa. A
trend for more extensive swelling reactions was seen after the

5th dose. When given a 4th dose (study C), 3.3olo of vaccinees

reported diffuse swelling (extending beyond the immediate
vicinity of the injection site) but with no extension to an

adjacent joint. V/hen given as a 5th dose (study D), diffuse
swelling was more frequent(65%), with some fufher exten-

sion observed. However only 1.2o/o of the vaccines reported
swelling that involved the elbow joint. This frequency is sim-
ilar to that reported after vaccination with the parent DTPa
vaccine in comparative study D and in published studies in
this age group [15,17,18,42]. These results also confirm pre-
vious findings with the same DTPa-IPV vaccine 135,431,
and are consistent with literature reports of entire upper arm
(shoulder to elbow) swelling in 2.0-2.9% of recipients of a
5th DTPa dose [36,40,44].

Despite this phenomenon of increased local reactions

with repeated doses, a 4th or 5th consecutive dose of an

acellular pertussis-containing vaccine is still less reacto-
genic than a DTPw 4th or 5th dose booster. Indeed, pub-
lished studies have shown incidences of any pain, red-

ness and swelling ranging from 28.9 to 100% after a 4th
or 5th consecutive DTPw dose, with grade 3 local symp-
toms ranging from l0 to 52.60/o 145,15,171. If reactogenic-

ity undoubtedly increases with the number of doses in all
instances, it appears that a full DTPw series (primary and

booster vaccinations) shows the most reactogenic boosters.

The less reactogenic booster seems to be a DTPa booster

after DTPw primary vaccination, with a DTPa series þri-
mary and booster) leading to an intermediate frequency of
reactions.

Two direct comparative studies 133,34] showed that mod-
erate to severe limitation of limb movement, tendemess
(moderate to severe) and fever were more common after a

whole-cell vaccination series than after an acellular series.

These data reveal different reactogenicity profiles for the two
types of vaccines suggesting, according to the authors, an

important role for inflammatory mediators in the develop-

ment of reactions to the DTPw vaccine [33].
Reduced-antigen-content dTpa vaccines \ryere developed

for their potential to reduce reactogenicity, more particularly
in the context of repeated DTPa vaccination [3 1,46], Avail-
able comparative data show that the reduction is not always

significant. Indeed, limited reduction in local reactions was

observed in children or adolescents previously vaccinated

with DTPw vaccines 143,46,471. Moreover, although dTpa

administered as a 5th DTPa dose to pre-school children [3 1]

reduced the frequency of redness >50mm by half (13%) as

compared with DTPa (23%), reports of swelling >50mm
were not markedly decreased (observed after l3%o versus

16% ofthe doses, respectively). Further studies are warranted
to assist in determining the appropriate age for switching
to reduced-antigen-content vaccines, i.e. to define when the

benefits ofa reduced reactogenicity clearly outweigh a poten-
tially lower immunogenicity.

Study D showed that the co-administration of the MMR
vaccine with DTPa-IPV did not significantly increase fever,

or the global incidence of local symptoms. Some reactions

usually associated with MMR vaccination, such as rash, were

reported in the two study groups in proportions similar to
previous reports after a second MMR dose [27].

Overall the DTPa-IPV vaccine was immunogenic and

led to high seroprotection rates when given as a booster

to pre-school children or to pre-adolescents. The differ-
ences in response seen between children and pre-adolescents

are likely explained by the pre-existing immune sta-

tus. The reactogenicity of the vaccine was acceptable in
all the situations envisaged, and large swelling reactions

were observed with a frequency consistent with literature
reports. The DTPa-IPV vaccine will fit adequately as a
4th or 5th DTP dose in a wide variety of vaccination
schedules.

Within the context of recent pertussis outbreaks in school-
age children, this vaccine would ensure the protection of this
age group. Moreover, in addition to the direct protection pro-
vided to the vaccinees, one could expect such a boosting
schedule to have a wider impact on the overall incidence
of whooping cough, in particular by reducing the circula-
tion of B. pertussis in the population and by the reduction
of secondary transmission of pertussis to vulnerable young
infants.
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ABSTRACT

oBJEcTlVE.The aint of tìtis sttrdy was to deterrninc thc site, cxtellt, and rcsolution of
tissuc involvelnent when extcnsivc limb swelling occurrcd in the inje cted linlb for
children who received dipÌrtheria-tetallLls-accllular pertussis or reduccd-antigcn
content diphtheria-tetantrs-acellular pcrtussis vaccine at 4 fo 6 years of age.

METHoDS.Children wl-ro had cxpcrienced an injection sitc rcactit¡n at lS lnonths of
age were assigned randomly to receive an intralnuscular injc'ction of c'ither re-
duccd-antigen conteDt diphtheria-tetanus-acellular pertussis vaccine or diphtl-re-
ria-tctanns-accllular pcrtussis vaccinc bctwcen 4 and 6 years of agc. Chiìdrcn wl.ro
devc'lopccl extcnsivc limb swclÌin8 wcre rccruitcd for asscssmer-rt by clinical cx-
ar.ninatiou; ultrasound stlrclies of the affected and ollposite (control) ams were

¡rerforrrrccl 24 tt¡ 48 hours aftc'r iulnunization and 48 to 96 hcluls latcr.

RESULTS.Twelve childrelr with extensive lir-nb swelling were enrolled in the study.
Ultrasound exar.ninations dernonstrated swelling of both the subcutaneous aud
rluscle layers of the vaccinated arm. Uhrasound assessrnent showed that the
sweìling cxceeded the clinical rneasurements of skin redness and swelling. Sub-

cutatlcous and muscle tissues expanded 1o 2817o and I I I% of the tissue thick-
Desses of the cclntrol ann, respectivcly. Repcal ultrasound examinations after 48 to
96 hours showed cclnsiderable resolution of muscle swellir-rg. comparcd witl.r
subcutaneous tissue swelling. There was no significant difference in the extent of
swelling detected betwcen children who reccivcd diphtheria-tetanus-acellular
perttrssis vaccine and those who received rc'duced-antigcÌr contcnt diphtheria-
tetanus-accllular pertussis vaccine.

coNcLUSloN. Extensivc lirlb swelling reactions aftcr diphthcria-tetanus-acclltrlar per-
tussis or rcdtrccd-antigcr.r content booster inrlnt¡nizati<'rns involved swelling oÍ
subcutaDcous and lnusclc tissucs with swelling and duratiol.l r.norc markcd in
sLlbclltaDcol¡s tissnc.
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Abbrevlatlons
DTaP-diphrheria-tetanus-acellular
perlussis

Tdap-reduced-antigen content
d¡phlheria-tetanus-acellular pertussis

DTwP- diphtheria-tetanus-whoìe-cel I

pertussis

ELS- extensive limb swelling

l5R-inject¡on site reaction

Cl-confrdence interval
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fnnmunlzertoN IS a kcy ¡lrirnary prcverrtion activity
Ithat has assisted signifìcar-rtly in the redtrction of late s

of childhood rnorbidity and prematurc'death. Importaìlt
cornponents of a responsible imrnul.rizatioìr program are
investigatior.r and prevention of advcrsc vaccine reac-

ti<r'rs.r In Australia, cor.nrlencir.rg it't 1997, thc NationaÌ
Health and Medical Research Council recommended a

5-dose coLìrse of diphtheria-tetarlus-acelìr,rlar pcrtussis
(DTaP) vaccine as part of the childhood irurlunizatioìr
sche dnle.2 This schedtrle included a prirnary l-dose
course of DTaP vaccine af 2, 4, and 6 months of age, a

fourth dose at l8 r.nontl-rs, and a fifth dosc between 4 and
6 years of age.

Beforc I997, diphthcria-tetanus-whole-cell pertì,rssis

(DTwP) vaccine was the rccommcndcd vaccine for all 5

doses. DTaP vaccine becar.ne the vaccine of choicc be-
cause of an improved reactogcnicity profllc, cor.nparcd

with DTwP vaccine.2 Througl'r passivc surveillancc of
adversc events after inrmunization in South Australia,
an increasc in the rate of irrjcction site reactions (ISRs)

aftcr thc fonrth dose of DTaP vaccinc and an increascd
relative risk of an ISR aftcr DTaP prinrary il.nllunization
were observcd, in cornparison with DTwP imnruniza-
tion.3 Sir.nilarly, in otl.rer countrics, ilrcrcase s iìl thc' rates

and se vcrity of ISRs were observed with successive doses

of DTaP vaccine.+rr Previous studies indicated that the
incidence ranged flotn 2o/" tt¡ 24"/" depencling on the
definition of extensive swellir-rg reactiorl Llse al.r-rr In con-
trast, rates of syster.r-ric reactions seemed to remain con-
stant or even to decrease with later DTaP vaccine doses.ra

The pathogenesis of ISRs is complex, probably r.nultifac-
torial, and not fìllìy understood.7,8,r5

Of greater corlcerì-ì is the increased incidelrcc of ex-
tensive lirrb swelìing (ELS) reported aftcr boostcr doses

of DTaP vaccines.a,e,it-l3 A variety of dcflnitions of ELS

reactions cxist, including trse of an arbitrarily defined
cntoff r.neasurelllcnt of strperficial re dness and/or swell-
ir-rg at tl-rc site of ir-rjcction. In the Australian Inmtunisatiott
Handbook, ar-r ELS reactioll is def.ined as swellir-rg and/or
redness over a substantial arca, involvir.rg at least one
half of the circul-nference of the ìimb and invoìving arr

adjacent joint above or below tl-re injection site, cor.n-

nrcncing within 48 hours after imrlulrization and re-
solving cornpletely without sequclac.ra This typc of re-
action is not Llnique to DTaP vaccines and has been

observed after admil.ristration of other vaccine s, such as

DTwP and hepatitis B vaccines.T-e

The reduced-antigen cor-ìtent diphtheria-tetaDLrs-
acellular pertussis (Tdap) vaccine was shown to re sult in
lc'ss-extensivc ISRs when nsed as booster ilu.nunizations
for 4- to 6-year-old children who werc primed with
DTwP.16 A Tdap vaccine (Boostrix [GlaxoSn-rithl(line
Biologicals, Rixensart, Belgiun-rl, containiì1g >2 IU of
dipl-rtl-reria toxoid, >20 IU of tetanus toxoid, 8 ¡.r,g of
pertussis toxoid, 8 pg of filame ntous hemagglutir.rin, and
2.5 ttg of pertactir-r) is licensed currently in r.nany coun-

tries for Lrse as a boostcr vaccine for adults and cl-rildrc'l.t

fronr l0 years of age. It is not klrowl.r whethcr there are

likely to bc fewer or less-severc reactions with a Tdap
vaccinc, compared with DTaP vaccine (Infanrix [Glaxo-
Snrithl(line Biologicalsl, containiug l0 IU of dipl-rtl-reria

toxoid,40 IU of tetanus toxoid, 25 ¡tgctf pertussis toxoid,
25 ¡tg oT filamentous hemagglutinin, and 8 ¡rg ol pertac-
tin), when adrninistered to 4- to 6-year-old childrcr-l
who were prirned with DTaP vaccine and wl-to ex¡leri-
elrced an ISR at l8 months of age.

The ail-n of this study was to use clinicaì and ttltra-
souncì cxar.nilrations to dctenlline the site, extent, aud
resolutior.l of tissue involve urent in the ir.tje cted lintb for
childrcn who dc'veloped an ELS responsc to DTaP or
Tdap vaccir.ratiou at 4 to 6 ycals of age. Ultrasonography
was use d previor.rsly to nÌcaslu'e the thickncss of subct¡-
talleoLls and nruscle layers, tcl deterr.ttinc appro¡rriatc
ncedle ìcngth for intralllllscular injections,rT-re but has

not becn used for forl-nal assessnletlt of ISRs after DTaP

or Tdap immunization.

METHODS

Subjects

As part of a large r, doublc-blind, prospective study con-
ducted at the Women's ar-rd ChildrcrÌ's Hospital witìr
cl'rildren who had experic'nced a previous ISR after DTaP

vaccine adrninistration at l8 months of age, 4- tt't 6-year-
old children @: 251 were assigned randor.nly to receive
eitl'rer DTaP vaccir.lc (n: 13) or Tdap vaccine (n : 12\.
A previous ISR was dcfìr'red as a history of sweììir-rg or
redness centcred at the site of injcction, with thc addi-
tion of one of the following: swe lling to the ncarcst joit.rt
(witl'r or without redr-rcss), swcllir-rg extending fron.r joir.rt

to joint (with or witÌrout redness), swclling of >3-day
duratiol.l (with or witl-rout redr-ress), alrd/or requireutcut
for hospitalizatior-r and/or medical attentioìt incltrding
review by a rne dical practitioller. Childrelt werc enrolled
fror.n the Special Immunisation Servicc at the Womeìt's
and Children's Hospitaì and tl-rrougl.r the state schemc'
for surveiÌlance of advcrse events after ir.nuunizatiou at

lhe South Australian Imrrnnisatior-r Coordination Unit,
De¡rartlncr.rt of Health (Adelaide, Sor-rth Australia). A
letter was rnailed to all families with a chilcì who was
rcportecl as cx¡leriencir-rg a largc ISR after thc l8-l-nontl-l
DTaP vaccil.ration. In Sonth Australia, in additior-r to
lnedical officer reporting, palental rctr)ortillg of any ad-

vcrse reaction to a vaccine is eltcouraged. Participation
in thc ultrasound study dcper-rded olr the availability of
thc' ultrasol.lograpl-rer at the tilne the ELS [eactioll was

assesscd clinically and provision of infornred conseul
from thc subject's parent/lcgal guardian.

Healthy childrcn who had expcrieuccd an ISR at l8
r.nontl'rs of age and who ìrad rcceived 4 doses of DTaP

vaccine previclusly (af 2, 4, 6, alrd l8 r.ttol-tths of age )

were enrollcd in the str.rdy. Sr-rbjects were excltrdcd if
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thc1, l1¡.¡ recci\/cd an)/ vaccinc or ìlollrcgisterccl dnìg
rvithin 30 days bcforc study cor.nrncnccurcut, had an

irrnrtrnodcfìcicncy c<lnditior.r, hacl cviclcl.rcc cll plcvious
or intcrcurrcnt cli¡rhthcria, tctarìrìs, ur ¡rcrtussis cliscasc

rlr vaccinati<ln against any of thcsc cìiscascs silrce [r<lclster'

inrmunizati<ln in thc sccond ycar of lifc, ur lracl a history
ol an allcrgic cliscasc tllat was ìikely to'bc exaccrbarcd by
any conll)onent of thc stLrcly vaccinc. Subjccts werc as-

signed randonrì1, to rcccivc cither DTaP or Tda¡r vaccinc,
which was adrrlinistcl'e cl intraììluscularly by the invcsli-
gator tcaÌ11 into thc clcltoicl mnsclc oÏ thc left aur, with
a 2)-gau,gc,25-nrm-klng ncedlc, at aÌl allglc of 60". Thc
ncccilc was inscltccl in thc midcllc of tìrc clcltoicl nusclc,
halïwav bctwr¡r'n thc ar:ror-rion arcl thr-' ir-ts<'r'tirirr rif thc
clcltoicl nrusclc.

Reactogenicity
Solicitcd locaì ancl gcncraI sylnptoms werc c<lllcctccl clur-
ing a l5-clay follow-up pcriocl (thc day oÏ ir.un-tunization
and l4 crllsecuiivc days). Solicitccl klcal signs of rcdncss,
srvcllir.rg and incrcasccì r.nid-tr¡rper anr circumfcrcnce.
ar-rd pain localizcd to thc ir.rjection sitc and solicitcd
gercraì synrl)tonìs of fcvcr, irritability, drowsincss, and
loss clf appctitt: aftcr imrlurrization wclc lccordcd daiìy
by parcnts on dialy cards. Thc nraxinraì swclling, rcd-
ncss, ancl inciuration ol tl'rc afïcctccl uppcr arllì wcrc
nrcasurcd in nrillirne te rs by pare nts/carcgivcrs, who
wcre providccl with a standardized, cìear, flexiblc ruler.
Tlrc cilcüllfercìrcc of the an,-r was ¡ilcasL¡ied by ¡ralci'rts
at a irrcvior,rsly defincd uridhtuncral ¡riiint. Thc
rridhumcral point was dc'fincd as thc nridpoint bctwecn
thc acrourir:ll proccss ancl thc latcral cpicondylc ol thc
hunrcrus. Tl.ris ¡.loint was clctcrmilrccl at thc fìrst a¡¡.loint-
rrcìlt and was urarkcd i¡,ith a scmi¡rernrancnt tattoo.
Parcr-lÎs wcrc askccl to complctc a 4-¡roiut gracìccl scalc

forpair-r (gradc 0 : no ¡rain, gradc I : urinor rcaction to
touch, gr'.rdc 2 : plotcsts on toLrch, .rncl gladc 3 :
sporltarìcolrsly painlul) and for ïunctionaì irn¡railnrcnt
(gracle 0 : no impairr.nent, gradc I : casily tcllcratcd,
nrrnral activity, gradc 2 : discomfort, intcrTcrcs with
rclnnal activity, and grade f : prcvents nornral actìvity)
ancl to r-ccorcl thc nraximaì grade claily.

Parents wcrc instructcd to inspect thc injcction site at

thc sarlc til.nc cacìr day ancl to llcasulc tirc sizc oT any
redness and/o¡ swclling at thc injccticln sitc. Parents
wcrc asked to uotify study staïf nrcnrbcrs i1 thc child
dcvclope d cither recù'rcss or srvc'ììing of >50 mn (lalgest
diarr-retcr) at the injection site, a )J0-rrnr ilrclc.rse in
injectcd ìirlb circunrfcrcncc at thc nridhurleral point
(comparcd with tlascline), or any luncticlnal irr¡railnrcrrt
ol the arnr. Tlrcsc scle cning critcria rn;crc t¡secl to cllsurc
that all cascs of sus¡-lcctccl ELS ivere asscsscd by a rnccì-

ical officcr. The child was cxau.lil.lcd by a str-rdy urcdical
officcr within 24 hours aftcr notification by thc ¡rarcnt/
guardian. Ullrasound cxaurinations wcrc pcrfollrccì af-
tcr cìinìcaì exanrinatior.l ol the ELS lcacti<ln 24 ¡<t 48

ìrours aftcr immunization arrd tvcrc re¡rcatcd 4tì to 96
hours aftcr thc first nltrasouncl asscssnlent. Tìrc ultra-
sound asscsslllcnts wcrc blindccl with rcs¡tcct to usc ol
Tda¡r or DTaP vaccil-rc.

Ultrasound Examinations
A lincar-array tral-ìsduccr was used to asscss thc extellt
ol swclling in thc u¡rpcr anl. Thc cxarrinaticln inv<llvccì
6 transvcrsc vicws at 2-cnr intcrvaìs ancl I longitudinal
views (in 9 segrrcnts). Aquasolric coìltact gcl (Parkcr
Laboratorics, Fairfic'lcl, NJ) n,as apptied to the skiÌ1, atlcl

a l-narkcr was nsccl to definc thc arcas for cxar-ninati<lr-r.

SuLrcntancous tissuc thickncss and nrnsclc tl-rickncss
-,',1 i" ì',,rì' rì.,' -{{,'-r,'.1 .-,-- .,...¡ rl.^,,,,,'-fty\ ¡\ ¡rrL(r,)(¡r rr rrr\ (rtl\Lt\\r (trrrl (rlrLr rrlL rr\rrr(rr-

lcctccl arlr, and thc absolutc valncs were conr¡rarccl.
Ultras<.lr-rncì cx.rnrination clt thc joint rvas pcr'ïornrcd lor
chiIcÌrr-'r with cliricaII1' ¿¡r¡r¿¡r-'y¡1 swr-'lling (-'xtrlrlr-liìlg t() a

joint. A cornparisorr bctwccn thc cìinically dctcrrrinecl
cstinlatc <lf swcllir-rg cxtcnt arrd a nrcasurcl-l-tcl-tt <lf tlrc
cxtcnt ol cclcnra oï thc tisslrcs was unclcltakcn dtrritrg
tlrc ultrasound cxalnilration. A rcpeat uìtlasouncl cxanl-
iuation was pcrforurccì 48 to 96 Ìr<luls later, and a coll-
¡rarisorr bctwccl.r the il-ritial ancl ïolkrw-u¡r rrltrasouncì
cxar-rinatiorr findings was madc to dclincatc changcs to
tissucs cluring rcsoìution of thc local rcaction.

5tatistical Analyses

Fisher''s exact tcst was usec'l for conrparisons o1 tl-rc inci-
dcncc and scvcritl, of rcactivity. Tl.rc incrcasc irr thick-
ness cil musclc arìcl subcutaneous tissr¡c in thc vaccinatccl
arnì, collparcd with thc colìtrol arÌ1, was rcportccl as a

prol)ortional (pcrccntage) incrcase iD thicl<ne ss, w,ith thc
control arrr bcir-tg t00%. Tbc diffcrcnccs in r.neans for
subctttanc<lus ancl lnusclc swclling ilr thc 2 groups wcrc
collparcd by using an unpailccl I test, assLulìing eqrraì

variancc (Stata softwarc. releasc 8.2; Stata Corp, Cclllege

Static¡r, TX). Thc appro¡rriatc / tcst \4/as clctcrr.nincd by
trsirg thc Lcvcnc statisric t() asscss variancc ilr the mcans
bctwccn thc 2 grou¡rs. Thc diffcrencc in thickness cll
nrtrsclc and subcutaneous tissuc 48 u¡ 96 lrours aftcr tlrc
initiaI r¡ltlasrluncl exarriuation was also dctcrminccl.

This study was conductecl in the Dcpartlneìlt of Pac-
diatrics ancl the Departlrcnt of Mcdical lr.naging at tÌ.rc
Wouren's and Childrcn's Hospital in Adelaidc, South
Australia. Bclth thc prinrary study allcl thc ultrasouncl
study wcre ap¡rroved b), thc Wourcl.l's and Chilcjrcn's
Hospital Rcscarch Etl-rics Comn.rittcc, and inforr.nccl cor-r-

scrìt was obtailrcd before any study procedurcs were
perforurcd. Tlre study was concluctecl accordir-rg to thc
Dccìalatiol.l of Hclsinki and goocl clinical practice.

RESUTTS

5tudy Population
Thc study was col'rcìuctccl betwccn March 2003 ancl Junc
2004. Tn,clve childrcn (8 Lroys ancl 4 girls) rvho clcvcl-
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opecl arl ISR aÏtcr cithcr DTaP ur Tclap vaccination wcrc
crrrollccl in tl.rc ultrasor-rncì stucly. All chilclrelr cnrollcd iu
tl.rc stucly hacl rcdncss and swelling <lT >50 Ìllul at thc
sitc of ir-rjecti<ln aud wcrc cor.rsiclcl'cd to havc an ELS

rcactioìr. Figurcs I ancl 2 show thc clinical apl)cararlcc of
a typical ELS rcacticlll. With uìrblinding, it was cictcr-
n.rinccl tlrat 8 of thc l2 subjccts cnrollccì in tìrc ultra-
sor-rncl stucly hacl rcccivccl DTaP vaccinc ancì 4 sutriccts

hacl rcceived Tda¡r vaccir.rc. All chilcìrcn wcre <lf whitc
origiu, with a nlcan agc of 4.4 ycars (Tda¡r: 4.7 ycars;

DTaP:4.3 ycars; r'angc: 4-5.75 years).

Parental Reporting of General Symptoms
All chiìclrcn rcpoÌ'tcd gradc I to 3 ¡rain, with orrly 2

strbjccts, I fror.u cacll groì,ìl), rc¡r<lrting graclc 3 ¡tair-r. Or-rly

Ì strbject (DTaP glor-rp) rc¡r<ntccl gracìc 3 luncti<ltal itl-
pairmcnt, with 5 subjccts rcl)orting graclc I to 2 ful'tc-
ticlnal inr¡rairurcnt in thc DTaP gr<tr¡r (r - 8) and 2

subjccts rcì)orting gracìc I frrnctirlnal ir.n¡rairment in lbc
Tdap gror,r¡r (n - 4l .With Fishcr's cxact tcst, thcrc was

no diffcrcncc in thc cìcgrcc of fur-rctional ir.n¡rairnrcnt
betwccn thc 2 vaccilrc grorìps (P : .999).

Thrcc sr-rbjccts in eaclr group rcì)ortecl gracle I fcvcr.
Equaì ¡rroportions of childrcl.l in cach groì-rp rcportccì
irritabiìity, chowsincss, and loss of appctitc. Scvcn sub-
jccts rcquirccl paracctanrol (acetamino¡rhcn) to rclicvc
syrnptons assc¡ciatccì with thc ilnurultizati<ltl, rangitrg
from l tcl 6 doscs in total. Cìrildrclt wl'rrl rcquircd )3
closcs of ì)aracctanlol wcre urale and hacl rcccivccl DTaP

vaccir-rc. Thc child whrl reportccl gradc 3 pain also rc-

l)ortcd glaclc 2 fr,rnctional inr¡rairtlctrt ancì rcqtrirccl 5

cl<¡se s of ì)aracctanlol fol adcqtrate ¡rairr rcìicÎ.

FIGURE 1

ELS re¿ction of the left deltoid and shoulder region The semipermanent mark on the

child is the midhumeral point (midway between the acromion and the distal part olthe
lareral epicondyle of the humerus)

FIGURE 2

ELS reartion ofthe left dehoid and shoulder region

Parental Reporting of Local Symptoms

Thc cxtcnt <11 clinically tlcasttrecl redltcss ancl swcìling irr
tìrc injcctccl limb for childrclt who rcccivccì DTaP artcl

Tclap vaccincs is recot'cìccl in Tablcs I ancl 2. Six of thc l2
children clcvclo¡rcd rcclncss at thc itnl.l.lttlrizatitllr sitc

within 24 hours altcr inrrnttuization. Fivc of thcsc chil-
clren wcrc irr thc DTaP grotrp. Thc onset of swcllirtg
occrrrrcrì as carly as 6 honrs aftcr imn-lrtuizatiorr, with
thc total cllrratiol.l of swclling being 2 t<l B days. Thc
or-lsct ol swclling occrrrrccì on thc' day oÏ ilttttrtlt'liz.rtiorr
for 3 strbjccts, on day I for 6 subjccts, attd ot.l day 2 for
2 subjccts. Four subjccts rìcvclo¡rccì thcil' lnaxin.tal swcll-
ing by cìay I and thc rcrnaining 8 strb,jccts by cìay 2. All
sr.r[.rjccts dcvcli4rcd rcclucss and/or swclling oi ]50 nrn'r

withir.l 48 horrrs after irnnrunization. All rccovcrcd with-
ollt scqLrclac. Thcrc wcrc llo scri<lus acìvcrsc cvcnts rc-

¡rrlrtccì for any cìriìdrer-r cÌlroìlcd iu thc ultrasouncl strrcly;

spccifically, r.ro hospitalization was reqnircd lor nraua¡;c-
ncnt o[ ELS rcactions.

Clinical Assessment of Swelling by Medical Officer

Ninc strbjccts (DTaP, n : 7;Ttla[t, tt: 2l hacl swclling of
thc clcltoicl rcgior.r cxtcncling to the shoulclcr, 2 strbjects
(DTaP, tt: l; Tdap, r : l) had swclling localizcd to the
injcctirlr.r site, and I strbjcct (Tclap grou¡t) hacl diffusc
swcìlir.rg, of thc uppcr an.n. Ollc <ll the 4 subjccts in thc
Tclap grcltrp hacì swelling cxtcnding frotn bcyoncl tìrc
sl.roulclcr joint to thc cubital lossa br.tt Dot cncolltl).lssit'tg
the clbow,loint.

Ultrasound Examinations 24to 48 Hours After lmmunization

Ultrasouncl exaurinaticllrs showcd a cliÏlusc, cchogcnic,
" sl'rowstorl" appcara)l cc, ccll-l si slcl-lt wi th iìi1ftr sc cd cl- a

of thc tissues (Figs 3 and 4). All cltilcìren showcd cvi-
clcncc of edcnra in lroth sulrcutanctttts altd ntr.rscìc tis-
srìcs, cxtcnding to tÌrc hru.ncral cortcx. Subcutatlcous
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TABLE 1 Clinical and Ultrasound Measurements of ELS Reactions for lndlvidual SubJects

No

Subject Gender Vacc¡ne Redness Diameter, Swelling"
mmu

Diameter, Duration,

Ultrasound Assessment of
lncrease in Tissue

Swelling, mmb

dmm

Subcutaneous

Tissue

Muscle

Tissue

1

)
3

4

5

6

7

8

9

l0
1l

12

Male

Female

Male

Male

M¿le

Female

Male

Male

Male

Female

Male

Female

DTaP

Tdap

DTaP

DTaP

Tdap

DTaP

DTaP

Tdap

DTaP

DTaP

DTaP

Tdap

350

115

120

160

60

80

140

202

170

94

140

64

73

70
B9

78

49

71

46
50
44

41

l!I
51

350

115

1t0
70

ó0

55

95

)45

160

106

180

90

5

I
4

3

3

2

3

8

8

5

4

7

6.5

4.)

1.6

6.3

1.1

1.4

10.0

8.0

2.0

6.3

2.0

1.6

¡ À¡,.i-.1 -^.",,.^-^^t ,^.^.A^A 4,, ^-,^^+. ^^ Ai-^, --.A. ^^ tr-.,. 
^ '^ i Á -ç^.,,---t^-t:^^v) purLr [r vr I vrúr/ Ldrur wr I uor) v (u

l'Subcutôneous and muscle thickness me¿suremen[ - vaccinated ¿rm control atm

TABLE 2 Measurement of ELS Parameters Recorded on Dlary Cards by Parents for Children (n = 12)

lmmunlzed With DTaP or Tdap, During the 15-Day Follow-Up Period

DTaP (n : 8) Tdap (n : 4) Difference, P Total

Redness diameter, mm

Mean (95% Cl)

Rangeb

Swelling diameter, mm

Mean (957o Cl)

Rangeh

Increase in limb circumference, mm.
Mean (95% Cl)

Range

Proportional increase in I imb circumfercnce, Vod

f\lean (950/o Cl)

Ranqe

1693 (9s 4-2430) 103 0 ( 26to2080)
800-3500 600-)020

1s08(647 236.8) 147 0(188 27s2)

55û.i5û0 búu-2451)

7 0-64 0 8 0 56.0

30.9 (1 5 0-46 7) 24 5 (- 3 6 to 29 3) 61

18" 1 47 2 (93 1 -201 0)

600 3500

149s(909 2081)

55.0-J50 0

)7 9 (16s-39 4)

70 640

]s r (93 209)

40311

95

162(87 237\ 129( 3 6to 29.3) 58

40311 44 )77
o Two-sample, unpa¡red t test w¡th unequal variances
b Range of individual me¿surements oI maximal redness ¿nd swelling during the obseruation period

'lncrease in arm circumlerence - maximal arm circumference baseline circumference
d Proportional incre¿se - ìncrease in ¿rm c¡rcumference,/baseline circumference, with b¿seline circumference being the circumference of the
arm immediately before v¿ccine ¿dministration

and u-mscle tissues expanded to a ntaximunt oI 281%
and I I l"/" ol thc tissuc thickncss oI the control arm,
respcctively. No fluicl was dctectcd ir-r thc shclnlder joint
for children wl-ro clinically exhibitcd swelling tlìat ex-
tcrìdcd over thc shoulder j<lint. Thc chaìlges iu subcuta-
ncolrS and Druscle tissue arc clctailed in Tables I and 3

end Fig 5. All children dcvelopc.d swclling of subcutane -

olrs and musclc tissues. For subclltancous tissue swell-
it'tg,42o/o oï subjects had swelling of <5 mnt, 50% had
swclling of 5.1 to I0 nln, and 87o had swelling of Ì0.I
to l5 mnl. F<lr l'nusclc tissrrc swc'lling,58"/" of sr.rbjects

hacl swelling of <5 lnur antl 42"/" hacl swclling oJ 5.1 to
I0 nrll.

Thc rrean pcrcentage ilrcreasc in swclliug of subcu-
taneorrs tissue for cl-rildrcn who reccivcd DTaP vaccillc
(r : 8) was lJ6.Oo/o (95% confidcnce illterval [CI]:

73.1o/o-l98.Onl"), corupared with 124.3o/o (95% CI:
66.5"/"-182.0"/"1 ïor childrcn who reccived Tdalt vaccine
(tt : 41 . The unpaired Sttrdcnt's I test was used to test the
hypothesis that the mean iìlcreascs ilt subcutaìtcous arlcl
nluscle thickncss werc cquivalent ir.t the 2 grou¡ts (strb-
clftaneolfs swelling, P : .78; nluscle swclling, P: .9451.
The varianccs in thc ulcans wcrc cquivalcnt in the 2
groups for subcutaneous (Levene statistic, P : .485) and
mlrscìe (Levc'ne statistic, P : .4J41 swelling.

When clinical treasr¡rcnlcut of swe lling by tìre
nredical officer, with thc Llsc of supcrficial lanclutarks,
was conlparcd with ultrasound assesslllcnt oT thc cx-
tent of dccpcr tissr.re swcìlillg, tìlc tneasuretncnt ob-
tail.¡ed durir-rg thc r¡ltrasound cxallinati<)n cxceeded the
clinical assessulcllt of swelling for l0 <lf thc l2 sutrjccts
(Fie 6).
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FIGURE 3

Ultrasound examination of¿ child with ELS ofthe left

arm Therightarm (noinjection) isshown forcompar-
tson

FIGURE 4

LateralviewofELSre¿ctionintheleftupperarm Anowsindicatetheextentofsubcuta
neous tissue and muscle swelling in the upper arm x indicates swelling in subcutaneous

tissue; *, swelling in muscle tissue.

Repeat Ultrasound Examinations 48 to 96 Hours After lnitial
Examinations
Eleven of tlÌe l2 subjects cnrolled had a repeat ultra-
sourld examinatiol-l pe rformed (l subjcct faiìe d to

Subcutancous tissucs

Muscle tissue

Subcutaneous tissue

Musclc tissuc

present for the second ultrasound assessrnent) . Swelling
in rnuscle tissue resolved rnore rapidly than the subcu-
taneous tissue swelling, as showìl in Fig 5. Fifty percent
(n : 6) of subjects had resolution of muscle swelling,
cornpared with only 83o/" \n : l) with resolution of
subcutaneolrs swelling.

DrscusstoN
An ELS reaction after booster doses of the acellular
pertussis combilÌation vaccines can seem alan.uing to
parents and vaccine providers. If this reactiorl is not
recognized, there rnay be an incorrect diagnosis of infec-
tive cellulitis, resulting in inappropriate treatl-nent with
antibiotics. This descriptive study demonstrated that tl're
ELS reaction was attributable to marked edema in both
the subcutaneous and muscle tissue spaces, with fluid
accumulation being greater in the subcutaneolls tissue
space. It is interesting that there was signifìcant sllbcu-
taneous edeÌlla, given that the vaccines were adlninis-
tered through the intramuscular route. The swelling of
r.nuscle tissue was generally not as extensive and seelned
to resolve more rapidly than the swelling in subcutane-
ous tissLle; this rnight be related to the better blood
supply to ll-ruscle, cornpared with subcutaneous tissue .

Despite the extensive swelling, there was no evidence of
associated joint effusion.
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TABLE 3 Comparison of Subcutaneous Tlssue and Muscle Swelllng, Measured Wlth Ultrasonography, at 24 to 48 Hours for Children Who

Received DTaP or Tdap

DTaP Tdap Difference in Mean

Tissue Thickness for
DTaP and Tdap"

All Subjects

I ncrease,

mm

Proportional

lncrease, o/o

I ncrease, Proportional

lncrease, o/omm
lncrease, Proportional lncrease,

P lncrease, P mm
Proportional
lncrease, o/o

lncrease in subcutaneous

tissue thicknessb

Itlean (950/o Cl)

Range'

lncrease in muscle

thicknessd

Mean (950/o Cl)

Range

10(4.81 9.22) 1360(73 1 1980) ss(39 7r) 1243(66s-l8r0) 30 t8 6 s (s 1 80) 1321 (91 9-1123)

4 3 (1 4-7 .2)

02-100

41 11.8 620 281 0

436(12.8 74,0)

20-1il0

49 70

3.7( 1 3to87)
11_80

41 118 620 281 0

44.2 (21 5-668)
20-111 0

1040-1400

45 3 (-16.1 to 1060)

150 1000

94 4 1 (21 6.1\

02-100
79

. Diffference in increase in tissue thirkness = DTaP tissue thickness/Tdap tissue thìckness

L lncrease in subcutaneous tissue thickness : subcut¿neous tissue thickness in vaccinated arm - subcutaneous thickness in control arm

'Minimal ¿nd m¿ximal ultr¿sound neasurements
¡r^-.^-.^i^-,,",1^rÀi-l ^^,, ^,,,.1^tÁi.l^^,, i^.,,, i^,r^1 ,.---,,..1^rh,.L^^..i^-^^r.^l ,,-

FIGURE 5

Ultrasound measuremenrs of subcutaneous and muscle

tissue after DTaP or Tdap immunization A,5ubcutane

ous tissue; B, muscle tissue; C, subcut¿neous tissue 48 to
96 hours after the init¡al exam ination; D, muscle tissue 4B

to 96 hours after the initi¿l ex¿mìnation Subject 1 2 dld

not present for the follow-up ultrasound examinat¡on

I flontrol arnl

$ Vaccinated ilrnì al 24-1[,] h post-l)Tal'or dtpír

I Vaccinatetl arnr al 48-9ó h tx)rit-initial cxarninatit¡rr

Suhiecl No.
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The mechanisln of ELS has rlot yet bcen defined
clcarly, with no apparent risk factors bcing cvident,
otÌrer thalÌ priuling with previous DTaP vaccincs. The

characteristics of thc swclling suggest allgiocdema rather
than inflammatory ccllulitis, givcn the absence of sys-

temic fever and pain and the rapid resoluticln of swell-
ing. Ar-rgiocdcÌlla rcsults from altered vascular pernìe-
abiìity and can occur tllrollgh a variety of mcchanisnrs,
incltrding uninhibitcd activatioìl clf thc con-rpìernerlt

Subjert No

pathway and mast cell degranulation, with release of
vasoactive peptides. Additional research is required tcl

determine the rnechanism of ELS after vaccination. The
pathogenesis of ELS is likely to tre rnultilactorial. Severaì
DTaP vaccine componellts (eg, alunrinum, diphthcria
toxoid, and pertussis toxoid) have already been shclwlr
to be associated with incrcased reactogenicity.T High pre-
vaccinatiorl antibody levels against >l aDtigen prescrìt
in the vaccine, IgE antibody levels, and cell-mcdiated
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FIGURE 6

Clinic¿l versus ultr¿sound me¿surements oI ELS reactions at

the initial ultrasound examinalion Clinic¿l me¿surements of
swelling by the medical otficer with the use o[ superfcial

l¿ndmarks were compared with ultr¿sound assessments of
the extent ofdeeper tissue swelling

rcsl)oìlscs arc othcr fact<tls that nray contributc to thc
incrcasc in ELS rcactioÌls.8r5

Cliilclrcn wh<l lcccivccl ¡rrimar-y doscs of DTaP vaccinc
seculcd to bc at highc| risl< oÏ cxPcricllcing an ELS

rcactioll witìr boostcr doscs <lf cithcr cliphthcria/tctanus/

l)crtussis or DTaP vaccinc.e,20,2r In this stucly, ELS rcac-
tiolls werc sccn with both DTaP ancì Tcla¡r vacciìrc ad-
rrril-ristratiol.r for thc boostcr cklsc at 4 to 6 ycars of agc.

Dcspitc thc sizc of ELS rcacticlrrs, gcncrally chiìdrcn
cxpcrience only a nrilcì dc¡¡rcc ol lunctioDal inr¡rairnrcDt
or. ¡rain signilìcant r:norrgh t<l rcqrrirt' allalgcsia. Tlris is

suPPortcd by thc or-ltcolllcs of othcl' stuclics that showccì
similar degrccs o1 nrrlrbidity associatccl with largc injcc-
tion sitc rcactioìrs. In thc stucly by Schcifclc ct a1,22

19,3o/" of childrclr who rcccivccl cìiphtl'rcria/tctalrus/
acclluìar l)crtr.ìssis/iuactivatccì ¡rolio virus vaccinc as a

filtìr closc cìcvclo¡rcd rcchlcss or swclìillg of 50 mnr that
rcquircd all avcragc of 5 cìays tr¡ rcsolvc, with thc ìargcst

rcactiorls rcqr,riring nl) to Ì0 clays. Nonc of thc chiìdl'cn
rcquircd rncdicaì attclltion. In a sun,cy oÏ 800 l)arcuts of
cì.rildrcn who rcccivcd a fiïth cìosc of accllr-rìal' ¡rct'tussis
vaccinc, the inciclcncc of lcclìlcss ìargcl than aìr Oreo

c<rokic was 25"/u.to Nonc of tìrc childrcrr rcquirecl hos¡ti-
talization, arrd fcw childrcn nccdccì to intcrrLìl)t ccluca-
tionaI activitics aftcr. inrmunizatior.l.

AII subjccts who fulfiìlccl tlrc study critcria of a ¡rre -

vi<lus ISR at Ì8 ulonths dcvclopcd an ELS rcactirln aÏtcr
thc 4-ycar boostcr cìosc oÏ DTaP rlr Tda¡r vaccinc. It
shoulcl bc llotcd that tìrcsc cl'itcl'ia wcrc ìikcly to includc
chiìcìrcn with lcss-scvcrc rcactions tharl nright bc in-
cìuclcd in othcr stì-rcìics. IT thc cìcfir-ritiot.t llrovidccì in tìrc
Australian Inuttunisalion Handbook is uscc1, thcn 9 of thc
l2 strbjccts crlrolled had srvelling consistcnt with a cliag-

nosis of ELS (inch-rcling swclling at an adjaccnt joint).
Bccausc ril thc snrall saru¡rle sizc in tl-tis stucì1,, no iulcr-
cllcc can bc nradc about thc risk oï l'cculrcllcc oï ISRs,

al)art lroul the statcnrcnt tìrat thc risk sccr]rccl high in
our stucìy ¡ropnÌation, Althougìr thc sclcction proccss

hacl thc Ì)otcntial to lcacl to scìcctiol.l bias, ivhcn cìinical

Suhjcct No

cstilllatcs oT ELS reactions wcrc conrpared bctwe clr strb-
jccts wh<l l)articil)atcd in thc ultrasor-rnd stucìy aud thosc
rvho dicl not, thcrc was no statistically signìfìcant diffcr-
clrcc bctwccn thc 2 grouì)s. Chilclrclt who rcceivccl art

trltras<u-rnc1 cxalllination wcrc thcrcTorc rcl)rcscntative
of all chiìclrcn cnrollcd in thc ¡rros¡rcctivc stucly oÏ ISRs at
otrr sttrdy ccntcr (tt : 25\.

To our knowlcdgc, ultrasonograpl'ry has not bccn
uscd ¡rrcvior-rsly to mcastrrc thc cxtcìtt oÏ ELS rcactiotls.
Standardization clf advcrse cvcÌrt dcfinitions is csscntial
frlr accuratc survcilìancc and rc¡rorting of vacciuc-asso-
ciatecì advcrsc cvcìrts. Thc Brighton Collaboratioll is in
the ¡rroccss of cstablishing clcfir.ritions for vaccinc-asso-
ciatccl advcrsc cvcnts. Establishing a stanclaì:dizcd clcfi-
nition for ELS rcactions is rcc¡r.rircclr ancl will bc it'n¡ror-
tant for both ¡rassivc ancl activc survciììalrcc oÏ advcrsc
cvcnts aTtcr ir-l-ln-r-u-lization, bccausc a cousislcl-lt clcfini-
ti<ln rvill allow courpalisolrs of cliffcrcnt vaccinc lrials
ancl strrvcillaÌlcc systclìls.

Dcs¡ritc thc incrcascd l<lcal rcactogcnicity oÏ boostcr
cìoscs, accllnlar ¡rcrtussis combination vaccincs rcllair.l
thc prcfcrrcd vaccir.lcs for ¡rreventing ¡rcltussis, diphthc-
ria, and tetanus f<lr chilclrcl-l Lrccausc of thc inrprovccì
sa fctl, ¡rro11lc, cor.r-rparcd wit h th c r.t.toLc - scri ou s systcl'ì'r ic

aclvcl'sc cvcÌrts that occur nlorc frc'qttcrttly with whtllc-
ccll ¡rcrttrssis vaccirrcs. Howcvcr, dclrtottstratiort of at-l

incrcasc in ISRs aftcr booste r doscs of DTaP v.rccinc was

onc of tl-re factor-s that rcsultccl ilr thc l8-urontl-t boostcr
cìosc bc'irrg onrittccl fronr thc Austraìian Standald Vacci-
nation Schccìulc itt 2OO).j'a Thc dccisiolr was also basccl

on thc ¡troìongcd inrmunity now knr)wl] to rcsnlt fronr a

plirlary colìrse oT DTaP vaccil-rc trcatìllcllt.23 Provisiort of
Tda¡r vaccirre as alr altcrnativc r.nay ¡rroviclc a salcr altcr'-
nativc for chiìdrcn rvho dcvclo¡rccl an ELS rcaction with
llrcvious bclostcr closcs. Thcrc arc scvcral fornrulations <lf

Tcla¡r vacciuc availablc. Studics cot'u¡rariug advetsc
cvcllts aftcr vaccinatiolr with a Tcla¡r vacciuc (5 floccLr-
lation units of tctalrus toxoicl, 2 flocculatior.t ur.lits <lf

cìiphthclia toxoicl, 2.5 t-rg of pcrtussis toxoid, 5 ¡lg oÏ
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filarrrcrrtous hcr.nagglutinirt, 3 ¡tg, <ll ¡rertactin, ancl 5 pg
of fin-rbriae types 2 ancì 3) or clil.rhtheria/tctanus vclccine
in Ì I - to 17-1,s¿¡-,r¡¿ sul-ljccts showcd a ]ower ir-rcidcncc
of ISRs (srvclling of >50 nrm) in thc Tc'lap vaccir.rc group,
corlparcd with tl-rc cìi¡rhthcria/tctanns vaccil.lc group
(2.87o aìrd 3.ó7n, r'cs¡rcctivcly; Avcntis Pastcur, unpub-
lishcd data). We wcl'e unablc to clcmonstratc any signil-
icant bcncfil lr'om Tclall vaccine nsc in our str-rdy, but we
acl<rrowlcclgc tlrat thc stucly was clcscriptivc in design
alrd was r.rot ¡rorvcrcd to dctc'ct a diÏlercrrcc betwccn thc
2 grou¡-ls.

Survcillancc, acknowledflìlcnt, aud transparcncy in
rclatiorr to vaccinc-associatecl acìvcrsc cvcnts arc csscrl-
tial to cl-tsr-rre pr,rblic colficlcr-rcc ilr inrl'-rnization ¡-r¡1¡-

granls. Additional rcscalch and cducatiiir.r for ¡rroviclcrs
ancl cor.lsurncrs abor.rt l-hc natrìrc and causc ol aclvcrsc
rcactiolrs such as those clcscribccl in this stucìv shorrlci trc

a l)rlont)/.
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Chapter 5: New Vaccine Schedules

Despite an established and effective immunisation program for children and adults in Australia, data on

epidemiology of infectious diseases suggests that some infections are not yet optimally controlled.

Pertussis and varicella are examples of funded vaccine programs that have been unsuccessful in

eliminating the infectious agent. Pefiussis epidemics continue to emerge every 3-4 years particularly

affecting adults but also causing deaths in infants too young to be vaccinated. Varicella breakthrough

disease suggests a single dose of vaccine is not sufficient to eliminate this infection. By monitoring disease

incidence and populations affected, immunisation programs can be modified to improve disease control.

Pertussis lmmunisation at birth

ln Australia during 2008 - 2009, we have experienced a severe pertussis epidemic associated with infant

deaths, confirming that protection from the routine 2, 4, 6 month immunisation schedule for pedussis is

suboptimal. ln order to provide protection for the youngest most vulnerable infants alternative vaccination

schedules are being considered including pertussis vaccination at birth, maternal immunisation (during

pregnancy), immunising parents prior to conception or immediately after delivery, "cocooning" and

introducing 10 yearly boosters for adults,

High morbidity and mofiality from pertussis has been recognised for the past century with early trials of

maternal and neonatal vaccination with whole cell vaccine preparations being conducted in the 1940s.

However, following the suggestion that perlussis immunisation in the neonatal period could induce immune

tolerance the emphasis shifted to commencing whole cell vaccines later in the first year of life, Three

small studies examining administration of pedussis-containing vaccines in the first week of life have

recently been published with conflicting results. Two studies of monovalent pertussis (Pa) vaccine given at

birlh suggested that earlier antibody responses could be achieved without induction of immune tolerance,

while one using DTPa at birth suggested the possibility of developing immune tolerance.

Our research unit has been involved in studies of neonatal pertussis vaccination to determine whether it is

safe and immunogenic to provide earlier protection for those at highest risk of death,

Ê
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15. Wood N, Mclntyre P, Marshall H, Roberton D. Acellular pertussis vaccine at birth and at one month induces

antibody responses by two months of age. Paediatric lnfectious Diseases Journal. (Accepted for publication August

4,2009).

16, White OJ, Rowe J, Richmond P, Marshall H, Mclntyre P, Wood N, Holt PG. Th2-polarisation of cellular immune

memory to neonatal pertussis vaccination. Vaccine (Accepted for publication 5 August 2009)

These two papers describe the results of a study to assess a novel perlussis vaccination schedule in early

infancy with wide potential application to vaccination programs worldwide.

Paper 15 describes the results of the first study conducted to assess the immunological and clinical

outcomes of two doses of an acellular pefiussis vaccine prior to 8 weeks of age (birth and 4 weeks old).

This was the first study to assess the immunogenicity and reactogenicity of two doses of Pa vaccine (birth

and 1 month) given before 2 months of age. The study was also unique in that all infants received HBV

vaccine at birth, thus allowing direct comparison of the potential influence of bifth Pa vaccine on

concomitant hepatitis B responses.

This study showed statistically significant higher pertussis (anti-peftussis toxin (PT), anti-pertactin (PRN)

and anti-filamentous haemagglutinin (FHA)) lgG antibodies at two months of age in infants who received

two doses of Pa prior to two months of age, compared to those receiving Pa at birth only or no previous Pa

vaccine. The levels of anti PT and anti PRN lgG achieved after doses at birth, one and two months of age

(i.e. 3 separate doses) were similar to those seen with 3 doses al0, 2, 4 and 2,4, 6 months. This suggests

that clinically significant protection against severe pertussis could be achieved 4 months earlier than under

current vaccination schedules. Our study also suggested that a first dose at birth primes the immune

system, with a significant increase in antibody after the second dose, whether given at one or two months

of age. lmporlantly, four doses of a Pa-containing vaccine within 4 months did not result in local or systemic

adverse events, albeit the small sample size. Pa vaccine given at birth was well tolerated with no increase

in reactogenicity identified at birth or with subsequent vaccine doses (2, 4, 6 months old) compared to

infants receiving the routine vaccine schedule, similar to other studies of pertussis-containing vaccines at

bir1h. lmmune tolerance was not seen in our study,
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Previous studies have shown that high levels of maternal antibodies to pertussis can interfere with

subsequent infant responses. ln our study, the impact of maternal pertussis antibody, pafticularly higher

levels, on responses to Pa vaccines at birth or subsequently remains uncefiain as our sample size was

small. Within these power limitations, we did not see any trend to suggest intederence from maternal

antibody, ln our study Hib (anti-PRP) lgG levels at 7 months of age were non-significantly lower in the birth

Pa and one month old Pa group. Reduced anti-PRP lgG responses have been associated with DTPa-Hib

combination vaccines as discussed in Chapter 1, but this has only emerged as a clinical problem in the UK

prior to introduction of a Hib booster and so may not be clinically relevant if a booster is routinely given.

Although reduced Hepatitis B (anti HBs) antibody GMC was seen in infants receiving Pa at birth, all

participants achieved anti-HBs levels above the protective level (anti-Hbs >10 mlU/ml) at I months of age.

There is unlikely to be any clinical relevance to the reduced anti-PRP and anti-HBs but this will be

examined fufther in a larger NHMRC funded study to be conducted this year (as described below).

The possibilities of later reductions in antibody response, and/or interference with responses to

concomitantly administered antigens, necessitates larger studies, and raise impodant additional questions.

These include the timing of the second dose of perlussis-containing vaccine. A second dose at 6 weeks of

age would be feasible and practical, as current combination vaccines including Pa are licensed from this

age and 6 weeks is consistent with the current WHO schedule. Our future study with a larger sample size

will address the influence of high maternal antibodies on infant pertussis responses, as might be achieved

following adult or adolescent dTpa booster doses,

Paper 16 describes cell mediated immunity responses in children receiving pertussis immunisation at birth

(previously described in Paper 15). The cell mediated immune responses were measured by Professor Pat

Holt, Telethon lnstitute of Child Health, Perth, Western Australia. Previous studies have shown that

acellular pertussis-containing DTPa vaccine induces cellular immune memory, which is strongly polarised

towards the Th2 phenotype in infants and preschoolers. This has the theoretical potential to negatively

impact on immune responses to co-administered Th1 inducing vaccine. This may result in increased

susceptibility to infection due to a suboptimal immune response, ln addition, Th2 skewed immunological

memory to DTPa antigens induced by infant vaccination has been shown to increase the risk for severe

local reactions to subsequent booster pertussis vaccinations.

49



ln this pilot study, we contrasted pertussis specific immune responses in infants receiving DTPa vaccine as

per the standard 2-4-6 month protocol, or with additional doses of Pa vaccine at birth or at birlh and 1

month of age. We assessed immunological outcomes by measuring lgG titres to three major perlussis

antigens following completion of the primary immunisation course, and by measuring in vitro Th-memory

cell cytokine responses to peftussis antigens in PBMC, Enhanced antibody titres were evident in infants

who had received 2 doses of pertussis vaccine by 2 months of age, compared to 3 months, which is likely

to provide protection when the infant is at most risk of severe disease or death. Further studies are required

to determine whether these increased pefiussis-specific lgG titres translate into reduced susceptibility to

pertussis infection.

ln a larger NHMRC funded study conducted by our research unit, cell mediated immune responses will be

profiled in more detail, because cell mediated immunity is potentially an important component of protection

and because birth Pa vaccine may result in Th2 bias, with altered responses following subsequent natural

pertussis exposure or increased atopy as potential negative effects.

All study participants are cunently being followed to 4 years of age in a long term follow-up study to assess

adverse events and pertussis antibody responses pre and post the routine DTPa booster given at 4 years

of age in Australia. The long term follow-up study was funded by a Women's and Children's Hospital

Foundation Grant (2007-2008),

The study results repofted in Paper 15 were presented at the 47t¡t lnterscience Conference on Antimicrobial

Agents and Chemotherapy (ICAAC), Chicago, lllinois, USA, September 17 -20,2007 and nationally at the

9tn National Public Health Association of Australia lmmunisation Conferenceil.t Asia Pacific Vaccine

Preventable Diseases Conference in Cairns, Queensland, Australia, August 19 - 20, 2004 and the Royal

Australasian College of Physicians'Annual Scientific Meeting in Adelaide, South Australia, May 11 - 15,

2008.

The results reported in Paper 16 were presented at the 7th Louis Pasteur Conference on lnfectious

Diseases in Paris, France, November 1'l - 13,2008 and nationally at the Australasian Society of

lmmunology, Sydney, Australia, December 2 - 6, 2007 and the Australasian Vaccines and
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lmmunotherapeutics Development (AVID) Conference in Sydney, New South Wales, Australia, May'14 -
16,2008.

17, Robefton D, Marshall H, Dinan L, Boros C, Gold M, Developmental immunology and vaccines, Expert

Review of Vaccines 2004;3(4):343-347 .

This paper provides a review of the literature on the optimal immunisation of preterm infants who are at

increased risk of severe disease from vaccine preventable infections, compared to term infants,

Prematurity was noted to be a risk factor for the development of Hib disease during surveillance of Hib

vaccine failures following the introduction of Hib immunisation in the UK. Since then, a comparatively small

number of studies have assessed the safety, immunogenicity, efficacy and duration of immune responses

in preterm infants compared to term infants for many of the routinely recommended childhood

immunisations, ln some of these studies, preterm infants have been shown to demonstrate a variable

immune response to protein based antigens. However data on the newer conjugate vaccines are limited.

Data from studies of the immune responses of premature infants to routine immunisation are limited both

by sample size and the relatively small number of studies that have been performed in preterm infants,

Recent evidence suggests that preterm infants have significant impairment in lgG antibody responses to a

number of routine immunisation antigens. lmportantly, lgG antibody responses to Hib, peftussis and

hepatitis B vaccines are reduced in this at risk population, The evidence suggests that these reduced

antibody responses persist throughout childhood, Antibody avidity has been shown to be reduced in

preterm infants, although it appears for some antigens that avidity levels approach those seen in term

infants by later childhood. Some smaller preterm babies do not respond as well as term babies to Hib and

hepatitis B vaccines.

The current recommendations in Australia and internationally are to immunise preterm infants at their

appropriate chronological age using the routine schedule with additional booster doses to ensure long term

protection.
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18. Roberton D, Marshall H, Nolan T, Sokal E, Diez-Domingo J, Flodmark C-E, Rombo L, Lewald G, de la FlorJ,

Casanovas J, Verdaguer J, Mares J, Van Esso D, Dieussaert l, Stoffel M. Reactogenicity and immunogenicity profile

of atwo-dosecombinedHepatitisAandBvaccineinl-llyearoldchildren. Vaccine.2005;23:5099-5105.

Protection against Hepatitis A and Hepatitis B infection has been simplified with the licensing of a

combination HepAHepB vaccine, The ability to simplify it fufther and provide a two dose as opposed to

three dose schedule was investigated in the study described in Paper 18, A two-dose schedule for the

combined vaccine instead of a three dose schedule offers benefits in terms of compliance and patient

acceptability,

The primary objective of this study was to show non-inferiority with regards to reactogenicity of the

combined two-dose HepAHepB vaccine with double antigen content at 0 and 6 months with the established

three-dose combined HepAHepB vaccine administered at 0, 1, and 6 months. The results of this study

demonstrated that both two-dose combined HepAHepB vaccine with double antigen content and

established three-dose schedule were well tolerated and highly immunogenic in children aged 1 to 11

years. A good tolerability profile was documented in both age groups with both vaccines. Both vaccines and

schedules provided at least 98% seroprotection against hepatitis B and 100% seroconversion against

hepatitis A, one month after the end of the vaccination course (month 7).

Results from these studies indicated that this two-dose schedule could be considered an alternative for

immunisation of children and adolescents who are not at immediate risk of hepatitis B infection. lt is

particularly justified for children and adolescents in the context of school-based immunisation programs,

The two-dose schedule is likely to be cost-effective, ensuring higher coverage rates as a result of fewer

injections and the avoidance of missed vaccination opportunities, a two-dose regimen offers savings in

syringes, vaccine storage and cold chain, transportation, medical visits, logistics and administration costs.

Considering the reduction in health care budgets, a two-dose regimen provides a less costly alternative.

I presented the results of this study at the 9th National Public Health Association of Australia (PHAA)

lmmunisation Conference in Melbourne, Victoria, Australia, August 19 - 20,2004 and at the Advanced

Vaccinology Course, Pasteur Merieux lnstitute, Anecy, France in May 10 - 21,2004.
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Long term follow-up of these children has now been completed to five years with a manuscript of the results

soon to be submitted to the journal "Vaccine". I will present the results at a national infectious diseases

meeting (Australasian Society of lnfectious Diseases)in May in 2010,
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OnrcNaL Srunms

Acellular Pertussis Vaccine at B¡rth and One Month lnduces
Antibody Responses By Two Months of Age

Nicholas Wood, MBBS, FRACP,*f| Peter McIntyre, MBB$ FRACP, FAFPHM, PhD,*fl
Helen Marshsll, MBBS, DCH, MPH,$ and Don Roberton, MD, FRACP, FRCPAIJ

Background: Infants less than 3 months of age are at highest risk of
hospitalization and death from pertussis. Several studies have examined

antibody responses to pertussis vaccines at birlh but no previous study has

evaluated 2 doses ofmonovalent acellular pertussis vaccine (aPV) before

2 rnonths of age.

Methods: Seventy-six newboms were randomized at biith to 3 groups-
aPV at birth and I month, aPV at birth, and control. All infants received

hepatitis B vaccine (HB! at bith followed aT 2, 4, and 6 months by a

combination vaccine including aPV, diphtheria, tetants, Haentophilus

infuenzae type b (Hib), hepatitis B, polio antigens and 7 valent conjugate
pneumococcal vaccine. IgG antibody responses to pertussis toxoid (PT),

filamentous hemagglutinin (FHA), and pertactin (PRN) were measured in

matemal serum and in infants at 2, 4, 6, and 8 nronths of age. Antìbody
responses to hepatitis B, diplrtheria, tetanus, and Hib were measured at 8

months only. A parental diary atd active telephone follow-up occurred for
7 days after each vaccinalion.
Results: The aPV birth dose was well tolerated. By 2 months of age,22 of
25 (88%) of2 dose recipients had detectable IgG antibody to PT (lgG PT)

compared with 9 of 2l (43%)who received a birth dose otily and 3 of 20

(15%) of controls. Infants in the 2 dose group had a geotnetric mean

concentration (cMC) of lgG PT of I ti ELISA units per mL (EU/mL), 95%

CI: I I to 25, significantly higher than bifh dose only (5 EU/mL, 95o/:o CI:
3-8) and controls (3 EU/nL,95Vo CI:2-5). At 8 months of age, following
5, 4, a¡d 3 doses of aP-containing vaccine, respectively, IgG PT had

plateaued but IgG to FHA and PRN increased with successive doses. There

was a trend to lower antibody responsos for hepatitis B and Hib with higher

numbers of Pa doses.

Conclusion: These data suggest that aPV at bith and I month induces

significantly higher IgG antibody against pertussis antigens by 2 months of
age without reducing subsequent peÍussis antibody responses. Larger and

more detailed studies of aPV from birth are needed to evaluate other

antibody responses and the potential ofthis approach to reduce death and

morbidity ftom Bordetella perlussis infection in the first 3 months of life.
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l)ertussis is a significant cause of mortality in eatly infancy
l- worldwide. Nearly 300,000 deaths occur each year, most in
developing countries, but deaths are probably underestimated in
both rich and poor countries.r'2 Death and hospitalization from
pertussis occur predominantly in infants too young to receive more
than I dose under current schedules, with over 80% of 145

repofted deaths in the United States, between 2000 and 2006,
occurïing under 3 months of age.3 Two doses of a pertussis-
containing vaccine provide significant protection against severe
disease, and even I dose may provide some protection against
death.a's The earliest age at which the first pertussis vaccine dose
is currently recommended is 6 weeks under the Expanded Pro-
gramme of Immunization (EPI) schedule of the Vy'orld Health
Organization (ViHO) and can be given from 6 weeks in Europe,
North America, and Australia. The second dose is given at 10

weeks under the EPI, I 2 weeks in some European countries and 16

weeks elsewhere.u This means that, even if optimally delivered,
current pertussis immunization schedules cannot provide direct
protection to infants less than 8 weeks of age. When delays in
immunization are taken into account, protection is often delayed
even more.t't

High infant morbidity and mortality from pertussis in in-
fants was recognized more than 60 years ago,3'e leading to trials of
matemallo r3 and neonatal vaccinationra-r7 with whole cell vac-
cine preparations. Following the suggestion that pertussis immu-
nization in the neonatal period could induce immune toletance,r6
the emphasis shifted to commencing whole cell vaccines later in
the first year, even though the validity of these concems was later
questioned.r8 Currently, only BCG and hepatitis B vaccines are

routinely administered at birth and their inclusion in the WHO's
EPI schedule and many national vaccination programs is well-
established as safe, feasible, and effective.6'1e

Strategies to ptevent early infant pertussis include universal
adult and adolescent vaccination, "cocoon" vaccination ofthose in
close contact with infants, matemal vaccination, and neonatal
vaccination. No studies of matemal acellular pertussis vaccination
have been published and the results of 3 recent small studies
examining administration of acellular pertussis-containing vac-
cines in the first week of life are conflicting.2o 22 Two studies
using different monovalent acellular pertussìs vaccines at bitlh
suggested that earlier antibody responses could be achieved,'o'22
but the study which used a combined diphtheria-tetanus-acellular
pertussis (DTPa) vaccine at birth2r showed inferior later antibody
responses. We report the immunologic and clinical outcomes
comparing 2 doses of a monovalent acellular pertussis vaccine
(Glaxo Smith Kline, Belgium) at birth and 4 weeks of age with
monovalent acellular pertussis vaccine at birth only and standard
practice.
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METHODS

Design
This pilot shldy was a randornized, nonblinded trial of adnlin-

istration of monovalent acellular perhrssis vaccine (aPV) to newbom
infants. This study was conducted according to Good Clinical Practice
guidelines, the Declaration ofHelsinki 1999 and had the approval of
3 ethics committees (The Children's Hosprtal at Westmead, Vy'est-

rnead Hospital, and the Children, Youth and Women's Health Ser-
vice, Adelaide). Written informed consent was obtained from parents/
guardians before the enrollment of infants.

Neonates in group I received aPV at birth (within 5 days)
and a second dose at I montlr of age. Those in group 2 rece'ived
aPV within 5 days of birth only and those in group 3 followed the
routine vaccinatiorr schecfirle. In Australia, this ine h,ldes hepatitis B
vaccine at birth and, at 2, 4, and 6 months of age, diphtheria,
tetanus, pertussis, hepatitis B, and Haemopltilus infuenzae typeb
antigens (given in this study as DTaP-HBV-IPV/Hib vaccine
/L,t'--,':- If---\ ^-,,,^ll ^. ?,,^l^-+ ^-^,,*^^^^^^l ^^-:.,^^+^tle^u., aÕ prrlurrrulvlvor lvruuË4!v
vaccine (Prevnar). Thus overall, subjects in group 1,2, and,3
received 5, 4, and 3 doses respectively of a pertussis-containing
vaccinc by 6 montlrs of agc.

Subjects
Eligible sulrjects wele healthy infants, who had completed

at least 36 weeks gestation, were born after an uncornplicated
pregnancy to rnothers seronegative for hepatitis B surface antigen
(HbsAg) and were enrolled within 120 hours of birth.

Enrollment in the study was excluded by any of the follow-
ing: known contraindications to vaccination23; administration of
immunoglobulins or blood products preceding the first dose of
study vaccine or thei¡ planned administration during the study
neriod an)¡ confinned or srlspected immrrnostrppressive or imtnu-
nodeficient condition in the parent or child and major congenital
defects or serious chronic illness. The study was conducted in
Sydney and Adelaide, Australia between February 2005 and
March 2007. The tlial was registered with the Australian New
Zealand Clinical Trials Registry (ACTRN012605000013662).

Vaccines
A single dose of investigational aPV (0.5 mL) containing

pertussis toxin (PT) 25 pg, pertactin (PRN) 8 pg, filamentous
hemagglutinin (FHA) 25 ¡rg, and 0.5 mg aluminum as hydroxide
salts was supplied by GlaxoSmithKline (GSK) Biologicals, Rix-
ensart, Belgium. All infants leceived l0 pg hepatitis B surface
antigen (HbsAg) with 0.25 mg aluminum hydroxide adjuvant
(Engerir B). The aPV was administered intramuscularly into the
right anterolateral thigh and the HBV vaccine into the left antero-
lateral thigh concomitantly in GroLrps I and 2 prior to 120 hours of
age. The antigen composition of the aPV used at birth and I month
was identical to that in the combined DTaP-HBV-IPV/Hib vaccine
(lnfanrix hexa) in routine use. As indicated above, routine sched-
rrf ed vaccines at 2, 4, and 6 months included Infanrix hexa and'7
valent pneumococcal conjugate vaccine (Prevnar Wyeth phar-
rnaceuticals), whose composition is listed elsewheree Infanrix
hexa was administered intramuscularly in the right thigh and
Prevnar in the left thigh at 2, 4, and 6 months of age by study
nurses.

Assessment of lmmunogen¡c¡ty
In total, 5 blood samples were collected. To reduce the

number of blood samples required from the infant, the first sample
was obtained f¡om the nrother at the sante time as the infant
rcceived the first vaccination (Pa and HBV or HBV alone).
Subsequent samples (n : 4) were collected from infants af 2,4,6,
and 8 months of age. Samples were eentrifuged, serum separated,
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stored at -80'C and shipped frozen to GSK Biologicals, Belgiurn
(GSK) where all serologic assays we¡e perfornred.

Pertussis toxin (anti-PT), pertactin (anti-PRN), and filamen-
tous hemagglutinin (anti-FHA) IgG antibody concentrations were
rncasurcd at each sarnpling point by euzyno linked inrrnunosor-
bent assay (ELISA: cut-off 5 EL.U/mL), using standard assay
r¡ethods at the GSK laboratory developed for licensure of DTPa
vacclnes.

Antidiphtheria (cut-off 0.1 IU/mL), antitetanus (cut-off 0. I
IU/mL), and anti-PRP (cut-off 0.15 ¡rg.ml-) IgG antibodies were
nreasured by ELISA on the sanrple taken at 8 uronths of age (2
rnonths after the final vaccine dose). Hepatitis B surface antibodies
(anti-HBs) were measured by ELISA (AUSAB, Abbott Laborato-
ries) as per the manufacturer's recommendations (cut-off l0 mlU/
,-I \ ^- ^^*-l^^ ^^ll^^¿^l ^+ o .-^..¿L- ^f ^-^ Tl-^ l^L^-^¿^--. --.^^tttL) vtt ù4rrrljruù !urruuruu 4L o rrrurrrrrù u! 4Ëç. r ¡tç l4uurdtury wdò
blind to the study assignment of subjeets, There was no formal
surveillance for pertussis infection.

Assessment of Reactogenicity
After administration of each vaccine, all infants were ob-

served for 30 rninutes. Vaccine reactogenicity and safety was
assessed using a 7 day diary card after each vaccination. Parents
wete given a thennometer, instructed in its use, and asked to
record terrperature and any solicited adverse reactions 3 and 6
hours after injection and at bedtime each evening for 7 days.
Solicited adverse reactions included: fever, drowsiness (unusually
sleepy or inactive), initability, anorexia, vorniting, redness, and
swelling at the vaccination site (each measured in millimeters) and
pain. All unsolicited adverse events occnrrìng within the time
interval between vaccinations were recorded by parenlguardian
and/or study physìcian at each study visit. Telephone col'ìtact was
rnade with parents/guardians on days 2 and 7 to enqnire about
adverse events and encourage completion of the diary cards fol-
lowing vaccination. The total duration of safety follow-up was 2
nronths following the final vaccine dose at 6 months. Any serious
adverse event, including hospitalization, was assessed by an inde-
pendent vaccine safety committee.

Statistical Analysis
The investigators were responsible for study design and

conduct and performed all statistical analyses on individual
patient data. Only sulrjects who had cornpleted the vaccine
schedule according to protocol and had at least 2 assay results
available, including the maternal baseline sample, were in-
cluded in the immunogenicity analysis. For pertussis antigens,
antibody geonretric mean concentrations (GMC) with 95%
confidence inte¡vals (CI) were calculated from the antilog ofthe
mean of the log transformed values. Values below the labora-
tory assay cut-offwere assigned a value halfofthe cut-offvalue
to calculate the GMC.

The primary objective of the shrdy was to assess if IgG
antibody to PT and PRN was significantly higher in group l at 2
months ofage (after 2 aPV doses) than after I dose in group 2 and
no prior doses of pertussis-containing vaccine in group 3. As no
universally agreed serologic correlate of protection exists for
pertussis, serologic response, defined as a 4-fold increase from the
prevaccination antibody titer, was examined as the variable of
interest. For diphtheria, tetanus, Hib, and hepatitis B, serologic
response was defined as any level above the lower limit for
detection in the assay used for each antibody (0. I IU/mL, 0. I

IU/rnL, 0.15 p.glnL, and 10 mIU/mL, respectively). Comparisons
ofantiboily responses between groups were using log-tlansfonned
data by the independent samples / test with P < 0.05 indicating a

possible group difference. The proportion of study group subjects

@ 2009 Lippincott Williants & Ihlkins
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with a serologica'l response and local and systemic reactions after
vaccination in study groups \Mere compared by Fisher exact test.

To detect a significant difference for the primary outcome of
detectable antibody after the second dose, and to allow for drop-
outs and failure to obtain some specimens by venipuncture, we
aimed to recruit 25 subjects per arrn for this pilot study. Our
sample size calculations had indicated that this number ofsubjects
would give 80% power to detect a 50% difference in the propor-
tion of infants achieving detectable PT antibody.

RESULTS
We enrolled 76 eligible newborns from February 2005 to

June 2006. The mean gestational age r¡r'as 39.8 weeks, 5970 were male
and there rilas no significant difference in birth weight between
groups. (Table 1) Sixty-eight infants remained enrolled to completion
of the vaccination schedule at 6 months and 64 infants until the
completion of safety follow-up at 8 months. Eight infants, 2 from
Group 1, I from Group 2, and 5 ÍÌom Group 3 withdrew from the

study after enrollment and before the first blood sample at 2 months
for varied reasons including relocation (1), declining blood tests (4),
and inadvertent vaccination with non study vaccines (3).

lmmunogenicity
Antibody Responses to Pertussis Vaccination

At enrolment, the GMC of maternal IgG to both pertussis
toxin (PT) and pertactin (PRN) was not significantly different
among groups. However, infants randomized to group 2 had
significantly higher matemal anti-PT IgG than those randomized to
group 3 (GMC 6.2 vs. 3.3, P : 0.04).

'With respect to GMCs, at 2 months, following 2 doses of
aPV, Group 1 infants had statistically significantly higher GMCs for
anti-PT, anti-FFIA and anti-PRN IgG compared with both Group 2

and 3 infants (Tables, Supplemental Digital Content 1, 2, and 3,

http://links.lww.com,{NF/4249, http://links.lv/w.com/INF/4250, and

http://links.lww.com/INF/4251). For anti-PT IgG, levels re-
mained significantly higher in group 1 compared with groups 2

and 3 at 4 and 6 months (Table, Supplemental Digital Content
l, http://links.lww.com/INFlA249) but not at 8 months, with
little increase in IgG PT seen after a fourth or fifth dose. For anti-PRN
IgG, at 4 months of age, after 3 doses of a pertussis-containing
vaccine, levels were significantly higher in group I compared with
groups 2 (2 doses) and 3 (1 dose) and although in cont¡ast to PT,
IgG to PRN increased with each successive dose of pertussis-
containing vaccine, differences at 6 or 8 months of age were no
longer statistically significant. (Table, Supplemental Digital
Content 2, http://links.lww.com/lNFl A250). For anti-FHA, lev-
els were significantly higher in groups I and 2 compared with
group 3 at 4 months of age. (Table, Supplemental Digital
Content 3, http://links.lww.com/INFI A251).

Vy'ith respect to the proportion above the limit of detection,
at 2 months old, after 2 doses of a pertussis - containing vaccine,
88% of group I infants had a level of IgG to PT above 5 EU/mL

compared with 43%o of those in group 2 ( I dose) and 15"/o of group
3 (no doses). Similarly, all group 1 infants had detectable antibody
(>5 U/mL) to PRN I month aftet the second dose of Pa at 2
months, compared with 33%o for those in group 2 who had received
a dose at birth only and 30o/o for controls. Significantly more
infants in group t had a 4-fold rise in anti-PT IgG from maternal
values to 2 months old,(56% vs. 5 and 0olo respectively for groups
2and3,P<0.02).

There was no evidence of late¡ hypo-responsiveness to
pertussis antigens in infants who received Pa vaccine within 5 days
of birth. Pertussis antibody levels from 4 months to 8 months of
age converged between groups, particularly for PT, and at 8

months did not significantly differ from control infants (Fig. 1).

Influence of Maternal Pertussis Antibody Levels at
Birth

At 2 months of age, antibody levels in groups 2 and 3 were
slightly lower than matemal levels, consistent with loss of matemal
antibodies. Of the 8 infants in Group 1 who had detectable anti-PT
IgG in matemal sera (>5 EL.UlmL)6 (75%) showed an increase in
IgG PT between birth and 2 months of age compated with I (7%) of
the infants in groups 2 and 3 combined who had detectable maternal
antibody. At 8 months of age, the GMC for anti-PT and anti-PRN
IgG among infants in groups 1,2, and 3 whose mothers had
detectable IgG was similar to infants in each of the 3 groups
whose mothers had no detectable IgG antibodies to these
antigens. However, when groups were combined after 3 doses,
significantly lower anti-PRN and anti-FHA levels were found in
those with detectable mate¡nal antibody at baseline (Table 2).

Antibody Responses to Other Vaccine Antigens
Two months after completion of the primary immunization

schedule, 100% of subjects in all groups had IgG levels to
diphtheria and tetanus above those usually associated with protec-
tion (0.1 U/mL), with no significant difference between the groups
(Table 3). There was a nonsignificant trend to reduced hepatitis B
surface antibody GMC responses in infants who received the Pa

vaccine at birth (Group I and 2 vs. Group 3), however all were
above the anti-HBs level associated with protection (10 mIU/mL).
Similarly, Group I infants had nonsignificantly lowet GMCs
against Hib and a lowe¡ proportion with anti PRP IgG above I
p,glmL, compared with Group 2 and3 infanls (26"/o vs. 45olo vs.
47Yo;Table 3). Infants in groups 1 and 2 who had a 4-fold increase
in anti-PT level from baseline to 4 months old had nonsignificantly
higher Hib and hepatitis B surface antibody levels at 8 months
compared with those with less than a 4-fold rise.

Reactogenicify
Bi¡th aPV was well tolerated, with no vaccine-related severe

adverse events detected. After the birth dose, only 2 infants had
redness or swelling ) 10 mm and none had fever >38C. Following
the 6 month vaccination, there was no difference in the proportion

TABLE 1. Characteristics of Study Subjects According to Group

Enrolled Subjects
Group 1

n:27
Group 2
n:23

Group 3
n=26

Mean birthweight (g) (range)
Mean gestation weeks (range)
Vo Male (n)
VoYaccinated, day 0-2 (n)
Vo Yacclnated, day 3-5 (n)
Withdrew prior to 2 months old

3454 (2840-4275)
39.8 (38-41.3)
68Eo (r7)
36Vo (9)
64Vo (16)

2

3306 (2575-4205)
39.4 (37 .2- 41.3)
55qa (t2)
SOVa (17)
50Eo (77)

I

3560 (2600-4370)
39.7 (37-41.5)
55Eo (72)

nJa
nJa

5

@ 2009 Lippincott Williams & Witkins www.pidj.com | 3

Ccf:yriqht Gi Lippil'rcctt Will$ams & \¡Vllkins. Unauthûrized retlrodL¡cti{)n tf this articTe is prohibited



Wood et al The Pediqtric lnfectious Diseose lournol . Volume 29, Number 3, March 2010

01000
B

=E
f
J
¡¡J

øo.
(9
2
d
À
Eo

100 0

00

A
â
E
l
J
t¡J

øo.
(9
F
+
Eo

<-Group I
+-Group 2

Group 3

000

100

10

+Group 1

+Group2
Group 3

10
Birth 2month 4month 6month Smonth B rth 2 month 4 month 6 month 8 month

age (months)age (months)

G ,ooo.o

10.0

-+Group 1

*-r-*Group 2

. . Group 3

1.0

Birth 2month 4month 6month Smonth

age (months)

FIGURE 1. Anti-pertussis antibody geometric mean concentrations (GMCÐ from birth until 2 months after completion of
primary vaccination. A, Antibody response to pertussis toxin according to group and age; B, antibody response to pertactin
according to group and age; C, antibody response to filamentous haemagglutinin according to group and age.

TABLE 2. Pertussis Antibody Responses After 3 Doses for Combined Group (1, 2, 3)* According to Detectable or
Nondetectable Maternal Antibody at Baseline

â
E
fj
l¡J

o
ct

=(9
¡
+
Eo

100 0

Maternal Antibody Detectable
(>5 EL.U/nL)

Mate¡nal A¿tibody Not Detectable
(<5 EL.U/mL)

GMC+ (967¿ CI)

Baseline
Pe¡tussis Antibody

N GMCt (95% CI) N

Anti-Pt
Anti-PRN
Anti-FHA

39.5
78.9+

18
25
49

31,8 (2L.9-55.2)
36.4* (24.0-55.2)

151.21 (123.8-184.6)

42
35
11 253.5+

(s2.r-48.7\
(61.7-100.8)
(187.2-343.4)

*Combined groups a.fter 3 doses:
(a) Antibody resporoes aftêr 3 doses (gtoup l-aged 4 mo, group 2+ged 6 mo, group 3-aged 8 mo) i4 those with detectable maternal utibody were combined.
(b) Antibody resporoes a.Íìer 3 doses (grcup 1+ged 4 no, group 2-aged 6 mo, group 3+ged 8 mo) in thoce with no detectable mat€¡nal mtibody were combined.
lAnU-fgA Clt¡C signlfiøtJy different between combined groups a.fter I dwes fo¡ detectable mat¿mal mtiboily vs. non detectable mtiboily (P : 0.02).
+¿oti-pRN GMC signiffmtly difre¡entbetween combineil groups after 3 doses for det¿ctable matenal mtibodyvs. non detectable utibody. (P : 0.002).
GMC indiøtæs geonetric mean concentration (EL.U/nL)

of infants with swelling or redness )10 mm between group I
(after 5 doses, l77o [" : a], group 2 (after 4 doses, 14% [n : 3])
or group 3 (after 3 doses, 22% ln:a)) (P > 0.5). Similarly, the
proportion with reported systemic reactions or fever was similar
between the groups. Two infants required hospitalization for py-
loric stenosis, one aged 4 weeks in Group 2 and the other aged 6
weeks in group 3.

Pertussis Infection
One male infant in group I who had received 3 doses of

aPV Oirth, 1 month and 2 months of age) developed symptoms of
mild fever, cough and rhinorrhea at 115 days, 30 days after the
third dose. Pertussis was identified by PCR from a nasopharyngeal
aspirate on day 134 but pertussis culture r¡/as negative. A mater¡al
aunt had a cough consistent with pertussis commencing approxi-

mately 14 days before onset of symptoms in the infant, with
positive single titer serology. This infant had a mild clinical course
and did not require hospital admission. All antipertussis antibodies
at 2 months of age, measured after 2 doses and 30 days before
onset of symptoms were detectable (anti-PT l5 EU/mL, anti-FHA
198 EU/mL, and anti-PRN 39 EU/mL). Convalescent antipertussis
antibodies at 4 months (after 3 doses of aPV and 11 days post
diagnosis ofinfection) increased 2-fold for anti-PT and anti-PRN
and nearly 2-fold for anti-FHA. Antipertussis antibody values
decreased from 6 months to 8 months after the fifth dose of an
acellular pertussis-containing combination vaccine.

DtscusstoN
This is the first study to assess the immunogenicity and

reactogenicity of 2 doses of aPV (birth and I month) given before

4 | www.pidj.com @ 2009 Lippincott I(illiams & lYilkins
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without a birth dose, however antibody titers converged between
groups by 8 months old. This may relate to a biologic feedback
phenomenon of achieving a "ceiling" of antibody level designed to
protect the body frorn immune overload due to excessive antibody
production. I{owever, the US2r and ltalian2o studies found that
infants who reccivcd a peltussis-containing vaccine at birth had
lorver PT IgG at 7 to 8 months of age, In particular, the US study2r
found that the significantly lower pertussis antibody titers in
infants who received DTaP at bifih documented at 8 months
persisted to l8 months of age, which they postulated may be due
to the combination of diphtheria, tetanus, and aP in the cornbina-
tion vaccine resulting in interference with antigen presentation or
B lymphoeyte prirning.

Maternal antibodies to pertussis can interfere with subse-
queni infant responses.t3'to''o in our siuciy, a snraii inrpact of
maternal pertussis antibody was found when groups were com-
bined, but this has not been adequately evaluated, particulally with
respect to higher titers of rnaternal antibody, as our sample size
was snrall and few mothers had detectable antibody. Larger stud-
ies, especially amorrg women with highff pertussis antibody titers,
such as would be expected following reeeipt of pertussis-contain-
ing vaccine as adolescents or adults or following recent natural
infection, are needed. With increasing use of adult acellular per-
tussis booste¡ vaccines in many countries, the potential for impact
of higher matenral antibodies on infant pertussis disease and/or
infant responses to pertussis-containing vaccines will become a

rnore impoltant issue.3
Other antigens included with pertussis antigens in combi-

nation vaccines include diphtheria, tetanus, polio, hepatitis B and
H. infuenzae type b (Hib). Vaccines given concornitantly in
recommended national schedu'les in developed countries include
pnertmococcal conjugate and rotavinrs vaccines. In the I IS strrdy,
infants who had received DTaP at birth had significantly lower
antibody titers to diphtheria and pneumococcal serotype l4 than
controls at 7 rnonths old.2r In the German study, attainment of
anti-PRP IgG antibody responses consistent with short-term pro-
tection (>0. I 5 pglmL) was significantly less after the first 3 doses
(88% vs. 98yù.22 In our study, anti-PRP IgG appeared to be lower
only in infants who received 2 doses of aPV before 2 months of
age but power to detect any difference was low. Reduced anti-PRP
IgG responses have been associated with DTaP-Hib combination
vaccines, but this has only emerged as a clinical problem in one
country, the United Kingdom, leading to introduction of a Hib
booster.2s Any such phenomenon following the primary series of
vaccination nright not be clinically relevant ifa boostel is I'outinely
given. There u,as no significant difference in response to diphtheria
and tetanus antibody responses. We did not measure responses to
polio or pneumococcal antigens, but no significant differences in
lesporìse to any of 3 polio serotypes were foundby the only study
measuring them following aPV at birth.2z Hepatitis B vaccine
(HBV) was givcn only to the control group in the German study,22
whereas in our study, similar to rout'ine practice in the US and as

recomrnended by WHO, all participants received HBV vaccine at
birth. Although reduceri anti HBs antibocly GMC was seen In
'infants receiving aPV at birth, all participants achieved protective
titers (anti-Hbs >10 mIU/mL) at 8 months of age.

This study had several limitations including, small sample
size, lack of data on response to all concomitant antigens þolio
and pneumococcal serotypes) and has not examined persistence of
antibody beyond 8 months of age.

In total, 202 infants ha.¡e received mono..,alent aPV or DTaP
vaccine at birth in recent published studies.2o 22 Despite the
varying immunogenicity data referred to above, no severe adverse
eveuts have been reported. The possibility of later reductions in

6 | www.pidj.com
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antibody response, and/or interference with responses to concol¡i-
tantly administered antigens, necessitates larger studies. These include
the tirning of the second dose of pertussis-containing vaccine. A
second dose at 6 weeks of age would be feasible and practical, as

cunent combirration vaccines including acellular pertussis antigens
are licensed fiom this age and 6 rvecks is consistent with the current
WHO schedule. If perlussis vaccine given at birth was included in the
WHO Expanded Program on Immunization schedule, infants would
then receive 3 doses ofa pertussis-containing vaccine by 10 weeks of
age (0, 6, l0 weeks). At present, most developing countries use whole
cell pcrtussis (Pw) vaccine in combination with diphtheria and tetanus
in the primary immunization schedule and no recent data exist about
the immunogenicity and reactogenicify of Pw alone at birth. Future
studies with larger samples sizes are needed to address several
:.--^*^-+:^^.,^^ :-^1..¡:-^ *^-^ --^^:^^ ^-+:*^¡^^ ^a¡L^ ^^^..-^-^^ ^ar¡rrPUl(dllL ¡J5uçs lilLrr¡uillB llrurç PrELrsç çòuttldrç) ul ultr uuLuttclluc ut
adverse reactions, including the magnitlde of any bystander interfer-
ence with responses to eoncomitant antigens26 alrd the inffuence of
higher 'levels of rnatemal antibodies on hfant pertussis responses.

Neariy : quarters oi a century ago, stuciies attempteci per-
tussis vaccination at birth and in pregnant women, to prevent
pertussis in early infancy.r5'17 Current global epiderniologic data
indicate thai pertussis remains a significant problem in eariy
infancy and new strategies are needed.27 The availability of acel-
lular pertussis vaccines, with reduced reactogenicity, has led to
renewed interest in neonatal pertussis vaccination and in matemal
vaccination during pregnancy.'"'tn With respect to neonatal per-
tussis vaccination strategies, these antibody response data suggest
that potentially protective antibody can be achieved before 2
months of age and that no urore than 4 doses before 6 months of
age are necessary. Larger and more detailed neonatal vaccine
studies are needed to evaluate the potential of this approach to
prevent death and morbidity from pertussis disease in infants under
3 months of age.
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ARTICLE INFO ABSTRACT

Current infant vaccination against pertussis in North America and Australia requires three doses ofvac-
cines including diphtheria, tetanus and acellulal pertussis antigens (DTaP) at 2,4 and 6 months ofage.
Interest is growing in the possibility that vaccination at birth might provide earlier protection o[infants,
but early vaccination also gives rise to concerns over the potential for excessive Th2-polarisation of
pertussis-specific T-cell memo¡y profiles. We evaluated this issue as parr of a small pilot study com-
paring infants receiving a monovalent acellular pertussis vaccine (aP) at birth or birth and at .l month,
followed by DTaP at 2, 4 and 6 months with infants receiving DTaP only frorn 2 months. We compared
in vifro Th-memory responses at 8 months and pertussis-specific IgC in serum at2,4,6 and 8 nronths
Neonatal vaccination elicited earlier lgG responses, but accompanyingTh-memory profiles displayecl a

strong Th2 bias with high IL-5 and lL-1 3 production. The correlation between T-cell menrory profiles and
other clinical outcomes should be evaluated in larger trials ofneonatal aP vaccine.

@ 2010 Elsevier Ltd. Alt rights reserved.

ln Australia, Hepatitis B (Hep B) vaccine is routinely given
at birth and has been proven to be safe and effective in this
age group [6]. Similarly, in many countries, BCG vaccine is rou-
tinely administered at birth and induces strong cellular imrrune
memory responses [7], in particular Type-1-memory associated
with production of cytol<ines which mediate sterilising immu-
nity such as intelferon gamma. This demonstrates the general
principle that neonates are capable of responding elfectively to
at least some types of vaccines. ln addition, previous studies of
neonatal imnunisation lrave shown monovalent aP vaccine to
be safe and have established that it is possible to induce early
humoral immune responses to pertussis antigens [8-10]. How-
ever, theoretical concerns remain regarding qualitative aspects oI
vaccine immunity induced in neonates due to the intrinsically
Type-2-polarised nature of immune responses (default to pro-
duction of lL-4, lL-5 and IL-13) in this age group, which have
the potential to antagonise development of Type-l-dependent
sterilising immunity [3]. For example, studies ol RSV inlection
in both neonatal mice [11] and human neonates [12] con-
cluded that early infection commits the immune system to
development of strong primary Type-2 immunity, and more-
over this may influence symptomatology associated with future
inlections via the presence of an excessive component of pro-
inflammatory Type-2 cytokines in the resultant memory response

[11]. Such concerns a¡e also relevant to acellular pertussis vac-
cines, which lack int¡insic Thl-stimulatoly components and/or
contain Th2-stimulatory agents, but this issue has not yet been
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1. lntroduction

Acellular pertussis (aP) vaccines, in combination with diphtheria
and tetanus (DTaP) have been used in the national immunisation
program in Australia since 1997, witlr significant improvements
in immunisation coverage compared with whole cell pertussis
vaccines (DTPw) [1]. Despite this, infants under' 6 rnontlrs of
age continue to have the highest annual notification rates of
hospitalisation and death [2]. During the period from birth to
tlre first pertussis-containing vaccine at 2 months of age, new-
llorns are more susceptible to pertussis infection due to the
relatively immature state of their immune system [3], with lack
of cellular immunily against peltussis antigens, and the inade-
quacy of antibody-mediated protection from at best modest levels
of maternally derived IgG antibodies [a,5]. A neonatal pertus-
sis immunisation strategy that could significantly red¡ess these
immunological deficiencies would potentially provide newborns
with a significantly greater level of early protection against pertus-
sis disease than currently available, and there is intense interest
internationally in developing this approach.
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systematically addressed in the context of neonatal pertussis vac-
cination.

As an initial step in this direction, we present the results Írom a

pilot study comparing administration of monovalent pertussis vac-
cine at birth with theAustralian standard vaccination schedule [13],
where the first pertussis-containing vaccine is given at 2 months
after birth. We evaluated cell-mediated immunity in a sub-set of
participants in this pilot study; data on antibody responses for all
study participants are presented elsewhere [14].

2. Materials and methods

2.1. Subjects and vaccines

From a pilot study of 76 healthy newborns recruited at The
Children's Hospital Westmead, Sydney and The Women's and Chil-
dren's Hospital, Adelaide, 62 consented to an add-on study of
cell-mediated immunity to vaccine antigens, requiring that addi-
tional blood be collected at 8 months of age. Of these, 30 subjects
had blood samples of sufficient volume to be included in this sub-
study.

One group of subjects (Group 3 herein; n=10) received vac-
cines according to the Australian national immunisation program

[13], which is Hepatitis B vaccine (Engerix B@, GlaxosmithK-
line [GSKI Biologicals, Rixensart, Belgium) at birth, followed by
a combination Diphtheria, Tetanus, acellular Pertussis, Hepatitis
B, Inactivated Polio Virus, Haemophilus influenzae t¡rpe b vaccine
(DTaP-HBV-|PV/Hib, lnfanrix@-Hexa, GSK) and 7-valent pneumo-
coccal conjugate vacc¡ne (Prevenar@, Wyeth Pharmaceuticals lnc.,
Philadelphia, USA) at 2, 4 and 6 months of age. Two other groups in
addition were given investigational monovalent acellular pertussis
vaccine (aP) vaccine (containing 25 pg PT, 25 pg FHA, 8 pg PRN, and
0.5 mg aluminium as hydroxide salts, GSK), either as a single dose
at birth (Group 2: n = 11) or at birth and at 1 month of age (Group 1 ;

n = 9). Prior to immunisation, peripheral blood was obtained at 2, 4,
6, and 8 months of age. Maternal blood was obtained at birth. This
study was carried out with the approval of relevant institutional
ethics committees.

2.2. Assessing humorul responses

Blood samples collected from infants at each time point were
centrifuged, serum separated and stored at -80'C for analysis by
GSK Biologicals, Rixensart, Belgium. An ELISA method was used to
determine geometric mean concentrations (CMC) of lgc specific
for pertussis toxoid (PT), filamentous haemagglutinin (FHA) and
pertactin (PRN), as per GSK standard assays developed for licensure
of DTaP vaccines (cut off: 5 EL U/ml).

2.3. Assessing cellular responses

To measure the levels ofcytokines produced in vítro in response
to vaccine antigen stimulus, blood was collected at 8 months into
an equal volume of RPMI 1640 (Cytosystems, Castle Hill, Australia)
containing preservative-free heparin and processed within 24 h of
collection employing standard methodology, which does not signif-
icantly alter subsequent invitro cellular responses [15,161. Briefly,
peripheral blood mononuclear cells (PBMC) were isolated by ficoll
density gradient centrifugation. Cells were washed twice in RPMI

1640 containin92%foetal calf serum, and counted usingwhite cell
counting fluid (crystal violet in 2% acetic acid and sodium chlo-
ride). Cells were then resuspended in freezing medium (10% DMSO

in RPMI 1640) and cryopreserved in liquid nitrogen.
As described elsewhere [17], cryopreserved PBMC were batch

analysed in groups of 8 within a short period and with identical
reagents. Aliquots of 0.5 x 106 cells were cultured in duplicate wells
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Fig. l. Vaccine-spec¡nc lgc antibody production measured in serum samples from
30 children dT 2, 4, 6, and 8 months. BASELINE: maternal antibody t¡tre; Croup 

.l 
:

aP at birth and 1 month plus DTaP at 2,4, and 6 months; Group 2: aP at birth plus

DTaP at 2, 4, and 6 months; Group 3: DTaP at 2, 4, and 6 months. Data are shown
as geometric mean concentrat¡on (ELU/ml), w¡th standard error bars. *Significant

at the 95% level when comparing Croup 1 or Group 2 with Group 3. *tSignificant

at the 99% level when comparing Group 1 or Group 2 with Croup 3. *Signiñcant at
the 95% level when comparing Group 1 with Group 2. **Signi6cant at the 99% level
when comparing Group 1 with Group 2.

for96h alone or togetherwith; 1 pg/ml PT+ 1 pg/ml FHA+ 1 pg/ml
PRN (Mix, all generously supplied by GSK), or 1 pg/ml PT, or
1 pg/ml FHA, or 1 p,g/ml PRN, or 0.5 Lfiml tetanus toxoid (TT, CSI
Melbourne, Australia), or 1.0Lf/ml diphtheria toxoid (DT, CSL), or
2.5 pglml Hepatitis B surface antigen (ProSpec-Tany TechnoGene
Ltd., Rehovot, lsrael). Antigen concentrations employed were based

on preliminary dose response experiments.
The levels of lL-5, IL-6, IL-l3 and lFNl in culture supernatants

were measured by in-house time-resolved fluorometry assays as

described previously [4,18]. The cytokine values for each stimu-
lus are displayed in picograms per millilitre (pglml).The limit of
detection for these assays was 10pg/ml for each cytokine. Signif-
icant differences shown between the groups were determined by
Mann-Whitney U-test for unpaired responses using SPSS software
package (SPSS lnc., Chicago, USA).
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Table I
Cytokine responses to in vit'o stimulation ofPBMC with vaccine and control antigens at 8 months ofàge.

Stimulus Group lL-5 tL-13 lFN"y lL-6

M X IPT FHA PRN)

Unstinlulated 0 (0, o)
0 (0, s)
0 (o, e)
0 (0, 0)

8 (0,92) {n s.l

1s (0,347) [n,s.l
I l (0,347) [n.s.l
I (0, 32)

0 (0, 211) [n.s.]
0(0,21) ln.s.l
0(0,211) [n.s.]
3 (0,2s)

ss (0,47s)[0.014]
16 (0,79) [n.s.l
37 (o,47s)10.o27]'
0 (0, 34)

0 (0,0) ln s.l

0 (0,0) f n.s.l
0 (0,0) [n.s.ì
0 (0,0)

2s (o,121)
l r (0,600)
22 (0,600)
27 (O,3sS)

3e4 10. 1587) ln.s.l
218 (1s,1422) ln.s.l
244 (0, 1587) [n.s.]
1 08 (0, r 990)

s6 (l l, 353) [n.s.l
36(ll, l0s4) ln.s.l
42 (11, 10s4) [n.s.]
22 (0,1s8)

104(o,s106) [ns.l
47 (10,314) [n.s.l
s3 (0, sl06) [n.s.l
32 (0, 423)

182 (18,608) [n.s ]
190 (27, 1877) [n.s.l
186(18,1877) [n.s.l
29 (O,42s)

72 (22,418)
166 (13,7s6)
109 (13,7s6)
29 (18,278)

3726(161s,10,3s0)
s171 (29s1,13,962)
51sl (161s,13,962)
4321 (1664,7481\

4262 (425'l ,27 ,963)
12304 (s121,32987)
11,989 (42s1,32,987)
1 4,573 ( I 858, 1 6,s41 )

I
2

I

l
2
I
3

I
2
I

2

2

2

0 (0, 0)
0(0, r7)
0(0, r7)
o (0,24)

493 (0, r 008)[o.o1ol [o 2oo I
1 37 (o. 4s2) lo.oo3l [ 0.060 I
r 63 (0, r 008)f 0.001 | [0.020 I
0 (0, ss)

30(o,421\ [n.s.l
32(o,145) [0.016]
30(O,421) [0.023]
0(0,18)

61 (0,46) [n.s.l
6s (0, s53) [0.02r I
63 (0, ss3) [0.013ì
e (0, 32)

0 (0, e) [n.s.l
0 (0,0) ln.s.l
0 (0, s) [n.s.ì
0 (0,40)

0 (0, 0)
0 (0, 76)
0 (0, 76)
0 (0, 26)

o (o,23)
s (0, r 3s)
4 (0, 1 35)
7 (0,40)

0 (0, 14)
0 (0, 4s)
0 (0, 4s)
34 (O,278)

0 (0, r2)
0 (0, 2s)
0 (0, 2s)
0 (0, s)

460 (0, 1 220)[0.013] [0 2601
1ee (0, 6s2) lo.o04l [0.080]
22o (o, t2zo)Io.ooll [0.020]
23 (0, 108)

63 (o,244) [n.s.ì
ss (0,240) [0.043ì
60(o,244) [0.043]
e (0, s7)

't37 (o,464) ln.s.l
8e (0,6se) l0.0l2l
102 (0,6ss) l0.00el
7 (.o,48)

7 (o,29) ln.s.ì
0 (0, 2l ) In.s.ì
0 (0,29) [n.s.l
0 (0,0)

010,8)
1 1 (0, 107)
0 (0, 107)
4 (0,4s)

7 (o.24)
26 (O,162)
l4 (0, r62)
3r (0, r02)

2s (8, 31 )
19(10,87)
1s (8, 87)
s7 (9,369)

PT

FHA

PRN

1-f

1

2
12
3

1

2
12

1

2
1?
3

2

DT

HB 1

2
12
3

0(0 0)
o (o,47)
0 (0, 47)
0 (0, 2s)

0 (0,0)
8 (0, 17)
0(0, r7)
0 (0, 28)

276(269,278\
24O (144,1258)
269 (144,1258)
210 (0, l 164)

tetânustoxoidi DT: diphtheriatoxoid: HB:Hep.ltitisBsurfuce.lntigen Nosignificantdifferencesbetweengloupswereseen[ol'TT,DT¿ndHBresponses.

3. Results cytokine production pronles in response to in vitro stimulation of
their PBMC with the mixture of the three major pertussis vaccine
antigens, which revealed increased levels ofTh2 cytokines IL-5 and
IL-13 (Table 1 ). Notably in comparison to Croup 3, both IL-5 and IL-
13 responses to the PT/FHA/PRN nrix were significantly increesed
in the subjects from combined Groups 1 and2.The level of signifi-
cance in relation to this key comparison is also shown (italicised in
Table 1 ) after application ofthe highly stringent Bonferroni adjust-
rnent for multiple testing, i.e. we coneluctecl 20 inciependent tests (5
stimuli IControl, Mix, TT, DT, and HBI with 4 outcomes [cytokinesl
xl comparison between Groups l and 2 versus Group 3, result-
ing in a x20 adjustment of p values). This finding was restricted
to the Th2 cytokines and was not seen with respect to lL-6 or the
Thl cytokine IFN1, for which no significant differences were seen
between groups.

3.3. The cellular response to other antigens ís not oltered by early
aP vaccinotion

3.1. Early aP v accination resulfs in increased vaccine -spe cifrc IgG
titres

Infants r-eceiviug 2 early doses of aP at bilth aud 1 rnonth (Cloup
1 ) have significantly increased pertussis antigen specific [gG titres
by 2 months of age relative to those in Group 3 receiving the
standald DTaP schedule aud the difference is nraintained out to
6 months, or in the case of IgG anti-FHA and anti-PRN, to 4 months
(Fig. 1). Vaccination-induced elevations in lgc titres in Group 2

were restricted to responses to PT and FHA and were only ev¡dent
in the 4 months samples. At 2 months of age, there is a significant
increase in lgG titres to all three pertussis antigens in infants receiv-
ing 2 early doses (Group 1 ) compared to infants rece¡ving one early
dose (Group 2), and this difference continues to 4 months in the
case of PT and PRN.

3.2. Early aP vsccínation results in Th2 skewed pertussis-specifrc
cytokine responses

Pertussis-specific Th-memory responses in PBMC samples from
a sub-set of the three vaccine groups after completion of respec-
tive priming schedules were assessed at the 8 months time point
(Table 1). Infants who received initial aP vaccinations at birth
(Groups 1 and 2)differed markedly from those receiv¡ng the stan-
dard DTaP schedule (Group 3). The key finding here relates to the

We assessed the T-cell responses of the infants to Tetanus, Diph-
theria and Hepatitis B antigens, and no significant differences were
seen in production of lL-6, IFN^y or the Type-2 cytokines IL-5 and
IL-13.

3.4. Injection site side effects

lnjection site side effects (swelling> l0mrn) were detected at
lowfrequencyat the 6-month dose (Group 1,n=4: Group 2, n=3;



Croup 3, n = 4) but the small sample size precludes firm conclusions
being drawn based on these data.

I 4. Discussion

Availabte epidemiological evidence show that the risk of life-
threatening infection from a variety of causative agents is maximal
during the first 3 months of life, providing an urgent imperative for
the development ofvaccine protocols that provide effective pro-
tection as early as possible after birth. This challenge is already
being addressed with respect to hepatitis and tuberculosis vaccines
with apparent success, and an increasingly wide range of additional
infectious diseases are being considered in this context [6,7 ]. Promi-
nent amongst these is Bordetella pertussis infection, which remains
a major cause of morbidity and mortality despite widespread vac-
cination employing the standard infant protocol in which the first
priming dose of aP is given 6-8 weeks postnatally. The key issue is

whether the level of protection can be improved by earlier intro-
duction of peltussis vaccine during the neonatal period without
clinically signifi cant attendant side effects.

As noted above, the lunctionally immature state of the immune
system during the neonatal period represents a potential imped-
iment to the success of this approach. It is now recognised that
immune function in the foetus is developmentally regulated to
selectively limit capacity lor generation of Th1 cytol<ines at the
foeto-maternal interface, in order to protect the placenta against
the toxic effects of these potent inflammatory agents [19]. As a con-
sequence the balance between production ofThl and Th2 cytokines
within foetal immune responses is intrinsically skewed to favour
Th2 cytokine production, and this Th2 skewing persists transiently
after birth and is maximal during the neonatal period [20]. The
implications of immunisation during this period with different
classes ofvaccines are not fully understood.

ln mice, neonatal pertussis vaccination has been shown to
induce pertussis-specific immune responses and to provide protec-
tion from infection 121,221. However, whole pertussis organisms

[23] and purified pertussigen (pertussis toxin) [24-261 have
also been long recognised as potent Th2-selective adjuvants in
experimental animals. Human studies have shown that acellular
pertussis-containing DTaP vaccine induces cellular immune mem-
ory, which is strongly polarised towards the Th2 phenotype in
infants [ 1 7,20,27,281 and preschoolers [29,301. This has the theoret-
ical potential to negatively influence bystander immune response
to co-administered Th1 inducing vaccines, comparable to interfer-
ence effects suggested to occur with other vaccine combinations

[311. ln so doing, it may create a window period of increased risk
for infection [30]. Moreover, Th2 skewed immunological memory
to DTaP antigens induced by infant vaccination has been shown
to increase risk for injection site reactions to subsequent booster
pertussis vaccinations [30]. These findings, combined with the
evidence that the likelihood of experiencing a local reaction to
DTaP increases with each successive dose ofthe vaccine [32], raise
concern that extra and early doses of DTaP-associated antigens
could [urtber increase the Th2 polarity ofresultant vaccine-specific
immunological memory, and hence modulate downstream host
responses to antigens encountered via booster injection or nat-
ural infection. This has been shown with experimental infection
with respiratory syncytial virus [11]. Although B. pertussis is a very
different pathogen, detailed evaluation of cell-mediated as well as

humoral immune responses to neonatal pertussis vaccination is

clearly warranted.
ln this pilot studywe have contrasted pertussis-specific immune

responses in infants receiving DTaP vaccine as per the standard
2-4-6 months protocol, or with additional doses of aP at birth
or at birth and 1 month of age. We have assessed immunologi-
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cal outcomes by prospectively tracl<ing lgG titres to three major
pertussis antigens out to 8 months, and by quantiflting in vÍfro Th-
memory cell cytokine responses to pertussis antigens in PBMC at
the 8 months time point, the latter being 1 month beyond adminis-
tration of the final priming dose of DTaP. IgG antibody titres in the
subgroups receiving additional aP during the neonatal period were
clearly boosted above those receiving the standard DTaP regime
alone, in particular in the group dosed at birth and 1 month. Of
particular interest was the finding that enhanced antibody titres
were evident in this latter group by 2 months of age, compared
to 3 months [9ì, which is within the age range of maximal risl<

for infection. lt remains to be shown whether these increased
pertussis-specific IgG titres translate into reduced susceptibility to
pertussis infection, but these preliminary findings provide encour-
agement to test this possibility in follow-up studies.

However, these potentially positive findings may be counter-
balanced by findings relating to T-cell memory in the vaccinated
children, if these are shown to have implications relating to safety.
Notably, the cytol<ine balance within pertussis-specific T-cell mem-
ory in infants receiving their first aP vaccine at birth displays a
clear polarisation towards significantly higher Th2 cytokine pro-
duction in the form of lL-5 and lL-13, beyond the Th2 skewing
already known to be a feature of the immune response to the stan-
dard DTaP regime 117,201. Moreover, within individuals, lL-5 and
IL-13 responses to the aP vaccine antigens were highly correlated
(data not shown). Whether the strong Th2-polarisation observed
here is due to the more extreme Th2 bias inherent in the immature
immune system at birth and at 1 month of age, or to the extra vac-
cine dose(s)given to these two groups, could not be determined in
this pilot study.

We have recently demonstrated that subsequent re-boosting of
Th2-polarised memory responses primed via the standard DTaP

vaccine during infancy has potential to elicit significant local side
effects at the site of antigen challenge that are associated with
high level production of Th2-effector cytokines such as lL-5 [20].
Given our demonstration here that neonatal aP vaccination further
enhances the Th2 polarity of pertussis-specific memory responses
beyond that seen with the standard infant DTaP regime, possible

effects related to lgE and lL-5 following re-exposure of neonatally
prirned children to pertussis antigen, via vaccination or natural
infection, should be considered in the safety assessment as part
of follow-up studies. It is also pertinent to note that earlier stud-
ies carried out here [20] at the time of initial introduction of DTaP

into the Australian standard vaccination schedule indicated that
the degree of Type-2 polarisation of ensuing vaccine-specific mem-
ory was most marked in children with a positive family history of
atopy. However, the Australian schedule for pertussis now does not
include a booster dose until 4 years ofage (previously 18 months)
so this effect may be ameliorated to some extent, as suggested by
surveillance data showing a steep fall in the reporting of severe local
reactions. Nonetheless, we believe that formal follow-up studies of
this potentially high-risl< subgroup are needed.
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]mmunization is one of the most significant
public health interventions of the past

100 years. Each year, vaccines prevent up to
three million deaths [1] and many more chil-
dren are saved from morbidity and permanent

disability. Although significant advances have

been made in relation to knowledge of the
immunogenicity, safety and effectiveness of
vaccines, less is known about the immune
responses of an important subset of children,

that is, those born prematurely.

Recent concerns regarding the immune

response of preterm infants to routine immuni-
zation schedules were raised following tlre intro-
duction of the Haemophilus ínfluenzae lypeb
(Hlt) con¡ugate vaccine lor immunization in
ttre UK in 1992. Prematurity was noted to be a

risk factor for the development of Hib disease

during surveillance of Hib vaccine failures flol-

lowing the introduction of the vaccine into the

UK immunization standard tzl. Since then, a

comparatively small number of studies have

assessed the safety, immunogenicity, efficacy

and duration of immulre responses in preternl

infants compared with term infants for rou-

tinely recommelrded childhood immunizations

lg zl. In some of these studies, preterm infants

have been shown to demonstrate a variable

immune response to protein-based antigens.

However, data on the newer conjugate vaccines

are limited t8l, Data from studies of the immune

responses of premature infants to routine

immunization are limited both by sample size

and the relatively small number of studies that
have been performed in preterm infants.

Various theories have been proposed for the

reduced immune response in preterm inflants,

including relative immaturity of the immune

system. The use ol pre- and postnatal steroids

and reduced muscle mass may also contribute

to a reduced response for some vaccines [4].

Wratever the reasons, these children represent a

population at greater risl< of infection than their
term infant counterparts and their response to

immunization is thelefore of particular concern.

Most studies of vaccine responses in prema-

ture infants have been limited to immunogenic-

ity studies. A small number have addressed anti-
body functionality by assessing avidity of
antibody, and even fewer have assessed vaccine

efficacy in premature infants. Some studies have

also recorded adverse events, including severe

events, such as apnea, in preterm infants.

]n the present report, recent studies of
immune responses to certain vaccines in prema-

ture infants are reviewed and the findings of
representative studies reviewed are summarized.

lmmunogenicily of voccines in preterm

infonls: short-lerm onlibody responses

H a em op hilu s influ e nza e v a c ci n es

Studies of vaccines against Hib conducted in
premature and extremely premature infants have

consistently slrown lower anti-PRP antibody
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concentrations than in term infants tS Zì. In a study conducted by
Dinan in 1998, antipolyribosylribitol phosphate (PRP) responses

were compared between preterm and term infants who received

tl-re diphtheria-tetanus-whole-cell peltussis vaccine (DTPw) and

a conjugate Hib vaccine at 2, 4 and 6 months of age [a] . Of a total
of 81 premature infants (<37 v,,eeks) , 28o/o had lower than protec-

tive levels (<0. 15 pglml) of anti-PRP at 8 months of age com-
pared with l3o/o of a total of 133 term infants (Ì: 8.23.
p = 0.0046) (TABLE r). There was no apparent difference in the

degree of pren'raturity and the anti-PRP responses.

The differences in the mean anti-PRP immunoglobulin
(Ig)G antibody concentrations between the term and preterm
infants at 2, 4, 6 and 8 months are shown in ncuR¡ r. The
effect of gestational age on the outcome of anti-PRP IgG anti-
body concentl'ations was statistically significant at birth ages of
2 and 4 months (p < 0.0001 and p = 0.0008, respectively) but
was not significant at birth ages of tj and I months (p = 0.94U

and p = 0.187, respectively) 1a¡,

Slack and colleagues confirmed the results of earlier studies

by examining Hit PRP and meningococcal serotype C immune
responses in term and preterm infants immunized at 2, 3 and
4 months of age with a combined diphtheria-tetanus-acellular
pertussis-Hib (DTPa-HiU) conjugate vaccine [s].

The geometric mean concentration (GMC) for Hib PRP was

very low, as was the proportion of infants achieving IgG anti-PRP
concentrations of greater than or equal to 0.15 or 1,0 ¡tg/nrl as

detailed in TABLE z. There was no association between the Hib
anti-PRP IgG response and gestational age or weight at birth.
However ihe IgG antÈPRP concentration was strongly associated

with age at the third immunization (p < 0.001), wi¡h a 22o/o

increase (9 5olo confidence intervals [CI] : I 1 -3a%") per week of age

[9]. Interestingly, the Hib IgG anti-PRP concentrations appeared

to be 88o/o higher in infants who did not receive antenatal steroids

compared with those who did (0.44 and 0.24 respectivelyi

Table 1, Degree of prematurity and percentage of infants
with lower than protective levels of antibody to Hib PRP

at 8 months after routine immunization at 2, 4 and 6
months of age with Hib conjugate vaccine.

Degree of prematurity Percentage of infants with lower
than protective concentrations

of anti-PRP lgG antibody

<28 weeks (n = 21)

28-32 weeks (n = 28)

>32 weeks (n = 32)

l,ib HaemophÌlus illfluenzae type b; lg: lmmurroglobLllin; PRP: Polyribosylrrbitol

phosph¿te (summarized from Dinan etat [B])

p = 0.056), although after adjusting for age at third immunization
this difference was reduced to 57o/o (p = 0.20).

A study by Boros and colleagues in 2002 investigated IgG
anti-Hib PRP responses in premature infants following a three-
dose primary schedule in term and preterm infants (TABLE 3) tl0l.
These results indicated that preterm infants have a significant
reduction in antibody responses to PRE and therefore possibly
decreased long-term protection against Hib disease, compared
with term infants.

Acellular pertussrs yacc,nes

In 1999. Schloesser and colleagues reported investigations of
the immune response of premature infants to a two-component
Pa vaccine given at 2 months of age, then at 2-4 monthly inter-
vals for a total of three doses Illl. This study showed a signifi-
cant reduction in antibody responses to pertussis toxin (PT)
and filamentous hemagglutinin (FHA) pertussis antigens in
preterm infants (25-35 weeks gestation) as shown inI'ABLE 4.

In contrast to diphtheria and tetanus
immtrnization, in which a protective anti-
body level has been determined, protective
levels for pertussis immunization are

unknown. In addition, antibody responses

do not correlate well with efficacy of
immunization for perttrssis. The lower
antibody response seen in preterm infants
is of potential concern when considering
long-term protection.

Poliovirus vacc¡nes

In a study reported by Linder and col-
leagues in 2000, antibody responses to
polio vaccine were compared in 35 term
and 52 preterm infants (30-35 weeks)
following routine immunization with
inactivated polio vaccine (IPV) at 2 and
4 months and oral polio vaccine (OPV)
at 4 and 6 months t121. This study did
not identify any significant difference in
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Figure 1. Mean anti PRP lgG antibody concentrations in relation to Hib coryugate vaccine administrat¡on
(expressed as log,o) for term and preterm infant groups at birth ages of 2, 4,6 and I months [8j
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Table 2. Hib antibody responses ¡n premature and term
infants 1 month after the third immunization with Hib

conjugate vaccine.

lmmune fesponses lo voccines in plemolule inlonls

Table 4. GMT for PT and FHA antibodies after the third
immunization with a two component acellular pertussis

vacctne,

Gestation PT GMT (95% Cl) FHA GMT (95% Cl)PRP GMC ¡tg/ml
(e5% cr)

lgG > 0,15
pg/mL

lgG > 1.0
pg/mL

Preterm 0 27 (0 21-0.35)
(n = 105)

Ierm (n = 54) 0 81 (0 52-1 25)

p < 0.00'l

55o/o

80o/o

p < 0.003

21o/o

460/o

p < 0.0012

Preterm infants
(25-35 weeks)

Term

õ4,¿
(51 .4-80.1)

98.9 (p < 0.003)
(81.6-120.0)

509
(42.3-61 3)

86.0(p<00001)
(12.5-102,1)

Cl: Confidence interval; Hib: Hemoph¡lusinfluenzaelype b; GMC: Geometric

mean concentration; lg: lmmunoglobulin; PRP: Polyrìbosylribitol phosphate,

(summarized from Slack eral [9]),

antibody titers and GMTs for poliovirus serotypes 1, 2 and 3
between the preterm and term study groups at 7 months,
although there was a significant difference in IgG antibody
titers between term and preterm infants for poliovirus Typ. 3

at 3 months of age.

A study by Kirmani and colleagues described similar results for
immunization of premature infants with poliovirus vaccines [131

Hepatit¡s B vaccines

In the same study that described responses to poliovirus immuni-
zation, preterm and term antibody responses to hepatitis B were

examined tl2,141. There was a significant difference between the

percentage of preterm and term infants with antibody titers of
1 : 10 or more at 7 months of age.

Kim and colleagues examined hepatitis B IgG antibody
responses in extremely premature and premature infants
(23-36 weeks gestation) ttsl. Hepatitis B vaccine was adminis-

tered at birth and at I and 6 months of age. The study was con-

ducted in infants of mothers who were hepatitis B surface anti-
gen (HBsAg) negative. Of 87 subjects enrolled, 90%
demonstrated seroprotection (anti-HBs > lOmIU/mL) after

three doses of vaccine. The geometric mean antibody titer
(GMT) to HBsAg for infants who seroconverted was

200 mIU/mL, compared with the response seen in a study by

West and colleagues in which term infants had a mean GMT of
647 mIU/mL trol,

Table 3. Hib PRP GMCs and percentage of infants with a

GMC > 1¡tgiml by gestational age,

Gestation GMC pg/ml %" > 1 pglmL

Cl: Confidence interval; GMT: Geometric mean titer; FHA: Filamentous

hemagglutinin; PT: Pertussis toxin (summarized from Schloessei et a/ [1 I ])

Meningococcol conjugole C voccine

Meningococcal conjugate C (MCC) vaccine was recently

included in the Australian Standard Vaccination Schedule fol-
lowing its successful introduction in the UK. Slack and col-

leagues compared the antibody responses of term and preterm

infants with Hib and MCC vaccines in the UK lgl. A total of 105

infants born at less than 32 weeks gestation had Hib IgG GMCs
and MCC serum bactericidal antibody (SBA) GMTs determined

1 month after the third immunization (immunizations given at

2, 3 and 4 months) [9] . In comparison with many of the previous

antigens discussed, both preterm and term infants showed a

similarly good response to MCC immunization (TABLE 6).

SBA GMTS to MCC and the proportions of preterm infants

achieving an SBA titers of eight or 128 or more were similar to
those achieved by term infants (TABLE 6). A total of 99o/o of pre-

mature infants showed a four-fold or greater rise in SBA titer
following immunization with three doses of MCC. Of note,

the administration of antenatal steroids did not adversely affect

ttre IgG antibody response.

Pneumococcal vacc¡nes

The seminal study of heptavalent pneumococcal conjugate vac-

cine conducted by Shinefield and Black in the Kaiser Perma-

nente centers in the USA investigated the immunogenicity of
pneumococcal vaccine in 38,000 infants, of whom 4340 were

born at less than 38 weeks gestation t171. Similar immune
responses to all seven pneumococcal serotypes were found for
full term and preterm infants.

lmmunogenicity of voccines in plelelm infonls: longel-lerm
onlibody responses

Some investigators have studied longer-term antibody responses

in premature infants who have received a variety of vaccines.

A study of 41 preterm infants and 54 term infants conducted

by Boros and colleagues demonstrated reduction in antibody

responses in preterm infants compared with term following DTPa
and Hib booster doses given at lSmonths of age as part of the

routine immunization schedule trol. IgG antibody concentrations

for pertussis antigens (PT, FHA, pertactin), diphtheria, tetanus

and Hib PRP were examined. The differences between the pre-

term and term groups are summarized in TABLE 7 for each antigen.

In general, lower GMCs were found with earlier gestation.

< 28 weeks (n = 11)

28-32 weeks (n - 1 3)

33-37 weeks (n = 17)

> 37 weeks (n 54)

s'significantly lower than term infants,

Hib Hemophilus Ìnfluenzaelype b; GMC: Geometric mean concentration;

PRP: Polyribosylribitol phosphate (summarized from Boros [10]),

1 76s

1,59s

6.14

6.7 5

500

625

87.5

98.0
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Table 5. GMTs for hepatit¡s B surface lgG antibody and
percentage of infants with antibody titers >1:10 at
7 months of age after hepat¡tis B vaccine
administration.

Gestation HBs GMT at 7 months Y" titer > 1 :1 0

Preterm 420
(30 35 weeks)

Term 653

79 (<0 05)

HB: Hepatitis B; GIVI: Geometric mean titer (summarized from Linder

et al. Ítzl).

A long-term follow-up study of preterm infants was con-
ducted by Esposito and colleagues tt8l. Antibody titers against
pertussis antigens were evaluated at 5-6 years of age in children
wiro had been preterm and were compareci with responses for
children who had been born at term. Children enrolled in the
study rvere immunized with DTPa-hepatitis B vaccine (HBV)
at 3, 5 and ll months. The results of this study revealed that
long-term immune responses induced by primary pertussis

immunization in preterm infants (especially < 3l weeks) were
qualitatively and quantitatively lower than those observed in
term infants [18].

The study by Kirmani and colleagues of infants born at less

rhar¡ 29 weeks gestation demonstrated evidence of reduced
long-term antibody responses to many of the recommended
vaccines, as shown in TABLE 8 [13ì.

Anlibody funclionolily: sludies of onlibody ovidity lo voccine
qnligens in premolure infonls

The evidence presented above suggests that preterm infants
have reduced antibody responses to many of the routine immu-
nizations. Less is known about .fu vitro antibody functionality,
as represented by antibody avidity, in preterm infants. Anti-
body avidity refers to the ability of an antibody mixture (for
example, antibody in serum) to bind to tl.re antigen in question,
and is important in enabling antibody function, such as

opsonization or microbial killing. Antibody avidity to Hi¡ PRP

was examined in a study by Dinan and colleagues and was

found to be reduced compared with avidity in term infants [8].

The study of Kirmani and colleagues reported in 2002 corn-
pared antibody avidity with Hib PRP and diphtheria toxoid at

Table 6, Meningococcal serogroup C serum bactericidal
antibody titers in premature and term infants after
meningococcal C co4jugate vaccine administration.

Table 7. Difference between term and preterm antibody
concentrations for six vacc¡ne ant¡gens at 19 months
of age.

Antigen Statistical s¡gnif¡cance (student's t-test)

PT

FHA

PRN

Diphtheria

Tetanus

Hib PRP

Diphtheria toxoid
GIVT > 0.1 lU/mL

FHA: Filamentous hemagglutinin; P,ib Haemophilus ¡nfluenzaetype b:

PRN: Pertactin; PRP: Polyribosylribitol phosphate; PT: Pertussis toxin
kttmmarizod frnm Rnrnc Ilnl\

7 years of age in extremely premature and term infants and
found avidity to be similar in both groups. However the sample

size was small in this study [13J.

Efficocy sludies of vqccines in prelerm infonls

By their very nature, it is extremely difficult to perform efficacy
studies of vaccines in premature infants, as the study numbers
required are very large. Results fronr the Kaiser Permanente
study demonstrated adequate protection in the 4340 preterm
infants immunized with 7-valent pneumococcal vaccine (Prev-

nar@, Wyeth) Ilzl. No child immunized with Prevnar developed
invasive pneumococcal disease due to any of the vaccine
serotypes compared with nine cases in the controls [17].

Table 8. Antibody titers to seven vaccine antigens at
6-7 years of age (<29 weeks and <1000 g).

Level of ant¡body Preterm Term p-value

94

p = 0001

p=0007

p=0036

p = 0.673

p = 0014

p=0186

letanus toxoid
GMI>O01

Hib-PRP pg/ml
> 0.15 pg/ml
> i.0 pg/ml

Polio serotype 1

GMT > 1:8

Polio serotype 2

GMT > 1:8

Polio serotype 3
GMT > 1:8

HBsAb
GIVT > 10 mltJ/mL

128 (100%)

1.01
(100%)

4.22
(roo%)

3.21
(1oo%)
(15%)

T 8',1

(100%)

206 (100%)

037
(81%)

0 009

004199
(100%)

1.41

(100%)
(62%)

215
(100%)

0.03
0.45

0.54

009

Antibody
response

Preterm infants
(n=105)

Term infants
(n=54)

p-value ?4 (15%) 59 (100%) 006

186 (86%) r20 (6s%) 0 62MCC SBA GN/I 398 (95% Cl: 298-532) 380 (275-526)

sBA > I 104 (99) s3 (98)

GMT: Geometric mean titeri MCC: lrleningococcal serogroup C; SBA: Serum
bacteric¡dal antibody (summarized [rom Slack e¿ ai. l9l),

0.44

100
GMT: Geometric mean titerj HBsAg: Hepatitis B surlace antigen;

Hih Haenophilus influenzaelype b; PRP: Polyribosylribitol phosphate
(summarized from Kirmani etal. [13]).

346 Expert Reu. Varcims3(A), (2004)



Conclusions

Recent evidence suggests that preterm infants have significant
impairment in IgG antibody responses to a number of routine

immunization antigens. Most studies have been performed witì
small numbers of infants. However the results are consistent across

studies. Importantly, IgG antibody responses to Hib, pertussis and

HBV are reduced in this at-risk population. The evidence suggests

that these reduced antibody responses persist tfrroughout child-
hood. Antibody avidity has been shown to be reduced in preterm

infants, altlrough it appears for some antigens that avidity levels

approach those seen in term infants by later childhood. Efficacy

studies in this at-risk population are difficult to perform due to
the large number of subjects required and the costs involved.

The current recommendations in Australia and internationally
are to immunize preterm infants at their appropriate chronologi-
cal age using the routine schedule and to include 7-valent pneu-

mococcal immunization 1181. The 8th edition of the Australian
Immunization Handbook includes preterm infants of less than
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Abstract

This study was conducted to cornpare the reactogenicity, irmnunogenicity and safety of a cornbined two-dose (0, 6 months) hepatitis A and

B vaccine (720ELU HAV, 20 rncg HBsAg) with the established three-dose (0, I and 6 rnonths) hepatitis A and B vaccine (360 EL U HAY
l0 rncg HBsAg). A total of 511 children aged l-l1years who had not previously received a hepatìtis A or B vaccine were enrolled in the

study. Both vaccines were well tolerated, and were shown to be safe and irnmunogenic. The analysis, stratified according to two age groups

(1 5yearand6 ll-year-oldchildren)demonstratedthatthereactogenicityprofileofthetwo-doseschedulewasatleastasgoodasthatofthe
established schedule. Both vaccines and schedules provided at least 98% seroprotection against hepatitis B and 1000/o seroconversion against

hepatitis A, 1 month after the end of the vaccination course (Month 7).

O 2005 Elsevier Ltd. All rights reserved.

Keywords: Hepatitis A and B; Combincd vaccine; Childrcn

1. Introduction

Hepatitis A and B represent the most frequent forms of
viral infections of the liver, causing serious morbidity and
mortality throughout the world. Approximately 1.4 million

* Corresponding author. Tcl.: +61 8 8161 7452;fax: +61 8 8161 7031

E- mail address : don.roberton@adelaide.edu au (D. Roberton).

0264-4llxlg - see front matter @ 2005 Elsevicr Ltd. All rights rescrvcd.
doi:1 0.1 0 1 6/j.vaccine.2005.06.003

cases of hepatitis A are reported every year and it is esti-
mated that there are 380 million chronic carriers of hepatitis
B worldwide who have an increased risk of developing cir-
rhosis or primary hepatocellular carcinoma [,2].

Vaccination has been recognized by world health author-
ities as the most efficient form of prophylaxis, providing
long-term protection against clinical disease and infection

[3,4]. Monovalent vaccines against both hepatitis A and B
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have been available for some time and have proven to be effec-
tive and safe [5-10]. However, in spite of both viruses being
very different, as well as their modes of transmission [1 1], the

incidence and importance of the disease manifestations sug-
gest that the use of combined hepatitis A and B vaccination,
would provide increased convenience and acceptance, and
reduced costs of administration [2]. GlaxoSmithKline Bio-
logicals has developed a combined hepatitis A and B vaccine
licensed for both pediatric or adolescent and adult popula-
tions, according to a 0, l, 6 month schedule. Experience with
this vaccine has shown excellent immunogenicity, coupled
with a good tolerability and safety profile [13-15].

The possibility of providing a two-dose schedule for the
--,-.-.l-.:,-.-..l ----^^:,-- -r---- E---Ll--,- l--,--4r- :,- L-,,--- -f ^-,--,-iiçuIl¡uureu vauullltr ullclJ luil.llgr utrtrglr[s ilt rgtllls ul çurnprr-
ance and patient acceptability. A two-dose schedule, using
either a 0, 6 or 0, 12 month regimen has been shown to be
afFan+irrp o-d "ofa i- nhil.lro- l-l { \'êâra ^f ooa Il Á-lQl

The primary objective of this study was to show non-
inferiority with regards to reactogenicity of the combined
fwo-dose hepatitis A and B vaccine with double antigen
content at 0 and 6 months with the established th¡ee-dose
combined hepatitis A and B vaccine administered at 0, l, and
6 months in subjects aged l-l I years, stratified into two age

groups, from 1 to 5 and 6 to I I years, respectively. The pri-
mary endpoint was the overall number of subjects reporting
at least one grade 3 solicited symptom on the day ofvaccina-
tion and during the 4 day follow-up period after each vaccine
dose. The secondary objective was to assess the safety and
immunogenicity of the combined two-ciose hepatitis A and B
vaccine with double antigen content at 0 and 6 months com-
pared with the established three-dose combined hepatitis A
and B vaccine.

2. Materials and methods

2.1. Subjects

This was an international, multi-centre study in which
children were enrolled from 12 centres; 2 in Australia, 3 in
Sweden, 6 in Spain and I in Belgium. Children were recruited
from the community. No incentive payments were provided
for paficipation in the study. Subjects were to be free of obvi-
ous health problems as established by medical history and
clinical examination. They were also required not to have

been previously vaccinated against hepatitis A and B and to
have no history or evidence ofhepatitis A or B disease, cou-
firmed by serology at screening. Although very unlikely in
this age group, female subjects who were at risk of becom-
ing pregnant were to take precautions to avoid pregnancy.
Conûrmed or suspected disorders of the immune system,
major congenital defects (including immunodefi ciency), seri-
ous chronie illness, acute disease or a body temperature
>37.5"C at the time of enrolment excluded subjects from
entry into the study. None ofthe subjects had received investi-
gational or non-registered drugs or vaccines within 30 days of

vaccination and none had received immune modi$ing drugs
within 6 months of entry. The use of additional investiga-
tional drugs and vaccines was prohibited during the course
of study.

This study was conducted in accordance with Good Clin-
ical Practice guidelines and with the amended Declaration
of Helsinki in force at the time of study start. Independent
Ethics Committees gave approval prior to study start in each

centre.

2.2. Vaccines

Both vaccines used in the study were developed and
----,---¡^-!----l l- 

^l-,-õ,--:Ll-ttl:-- 
nl-1 

-: 
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r r la¡lulautul çu uy \J raÀuJlllttlll\llilg DIUIUBlL;ars, I\lxeilsat t,
Belgium. Two-dose combined hepatitis A and B vaccine (reg-
istered as Ambirix in Europe only and as Twinrix Adult in
+hê rêcf ^f th-.r,^rl.ll nnntoinarl 
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atitis A virus, 20 ¡lg of recombinant hepatitis B antigen and

0.45 mg of aluminium as salt in a 1 ml dose (HepNB720120).
Established three-dose combined hepatitis A and B vaccine,
Twin¡ix Junior (HepA/B 360/10), contained 360ELU of
inactivated hepatitis A virus, 10 pg of recombinant hepati-
tis B antigen and 0.225 mg of aluminium as salt in a 0.5 ml
dose.

2.3. Study design

Subjects were randomized on an open label basis to one of
two parallel treatment groups. 'I'he randomisation was made
using a standard Statistical Analysis System (SAS@) pro-
gram. The randomisation was stratified according to the age

group (1-5 year olds versus 6-1 1 year olds) and the cen-
tre. A randomisation number identified uniquely the vaccine
doses administered to the same subject. One group of subjects
was vaccinated with the three-dose schedule (360 EL U HAV
l0mcg HBsAg) according to a 0, I and 6 month schedule
and the other group was vaccinated with the two-dose sched-
ulc (720 EL U HAV, 20 mcg HBsAg) according to a 0 and 6
month schedule. Vaccines were administered intramuscularly
in the left deltoid region.

2.4. Reactogenicity and safety

Solicited local (injection site pain, redness and swelling)
and general symptoms (drowsiness, initability/fussiness, loss

ofappetite and fever in subjects aged 5 years or less; fatigue,
gastro-intestinal symptorns, headache and fever in subjects
aged 6-1 1 years) were recorded on diary cards by the parent
or guardian ofeach subject for 4 days after each vaccination.
Each reaction was scored as one of the following: grade I
(easily tolerated), grade 2 (interfered with daily activities)
and grade 3 þrevented daily normal activities), also doc-
umenting eluration of the symptoms. Redness and swelling
were measured and scored as grade I (l-5 rnrn for subjects
aged 5 years or less and 1-10mm for subjects aged 6-11
years), grade2 (5-25 mm for subjects aged 5 years or less and



10-50 mm for subjects aged 6-1 I years) or grade 3 (>25 mm
for subjects aged 5 years or less and >50 mm for subjects aged

6-1 I years). Axillary or oral body temperature was scored

as grade I (37.5-38.5'C), grade 2 (38.6-39.5 'C) or grade

3 (t¡g.S'C). When temperature was recorded by the rectal
route, the intensity scale cut-offs were taken as 0.5 "C more
than the cut-offs given above. All local signs and symptoms

were considered to be related to vaccination. Unsolicited
signs and symptoms were recorded during 30 days after each

vaccine dose by the investigator. Serious adverse events were
reported throughout the study period. The relationship ofall
solicited general symptoms and unsolicited adverse events

(serious or non-serious) to vaccination was assessed by the

investigator as follows: 'not causally related' or 'reasonable

possibility that the vaccine contributed to the adverse event'.

2.5. Serology

All subjects were screened for the presence of anti-HAV
(Enzygnost@, DADE Behring), anti-HBs (AUSAB EIA@,

Abbott), anti-HBc (Axsym Core, Abbott) antibodies and

HBsAg (Axsym HBsAg, Abbott) prior to vaccination. At
Month 7, 1 month after the end of the vaccination sched-

ule, a blood sample (3-5 ml) was taken to assay anti-HAV
and anti-HBs antibodies. Seropositivity rate was defined as

the percentage of subjects with anti-HAV antibody titres
>15mlU/ml and a subject was said to be seroprotected

against hepatitis B infection if anti-HBs antibody titres were
>l0mlU/ml. GMT calculations were performed by taking
the anti-log of the mean of the log titre transformations.

2.6. Statistical analysis

Two hundred eligible subjects per group were needed to
conclude non-inferiority with at least 80% power, assum-

ing that the formulations were equally reactogenic. Non-
inferiority was assessed by computing an exact one-sided

95% confidence interval (CI) (q:2.5%) on the difference in
percentage, the non-inferiority limit being set at 10%. Allow-
ing for 10% ofsubjects who dropped-out or\ryere not eligible
for analysis, 440 subjects (220 per group) were planned to be

enrolled.
Demographic characteristics (age, gender, and race) were

analyzed descriptively. Percentages of subjects presenting

symptoms (solicited/unsolicited, local/general) were calcu-

lated. The incidence, intensity and relationship of individ-
ual solicited and unsolicited symptoms and serious adverse

events occuring during the study period were analyzed

descriptively. The reactogenicity analysis was stratified
according to two age groups (l-5 and 6-1l-year-old sub-
jects). Anti-HAV and anti-HBs antibody seropositivity rates,

anti-HBs antibody seroprotection rates, and GMTs with their
95% CI were calculated. The According to Protocol (ATP)
cohort for analysis of reactogenicity included all subjects

who had received at least one dose of vaccine according to
their random assignment, with sufficient data to perform an

D. Roberton et al. / Vaccine 23 (2005) 5099-5105 st01

analysis and who had not received a vaccine not specified

or forbidden in the protocol. The AIP cohort for analysis

of immunogenicity included all eligible subjects (i.e. those

meeting all eligibility criteria complying with the procedures

defined in the protocol, for whom data conceming immuno-
genicity endpoint measures were available).

3. Results

In total, 5 1 1 subjects of either gender, aged between I and

I 1 years at the time of the first vaccination were recruited into
the study after written informed consent was obtained from
their parent or guardian. The study was conducted between

September 2001 and July 2002, with all subjects enrolled
over a 2-month period.

3.1. Demogt"aphic data

Of the 51 1 subjects en¡olled (255 in the HepA/B 720120

group and 256 in the HepA/B 360/10 group), 498 completed

the study and 13 dropped out (six protocol violations, six
randomization failures and one case of no vaccine adminis-
tration). None of the drop-outs was linked to an adverse event.

The number of subjects included in the ATP cohort for reac-

togenicity and immunogenicity were, respectively, equal to

495 (248 in the HepA/B 120/20 group and247 in the HepA/B
360110 group, as three subjects did not complete symptom
sheets) and 395 (204 in the HepA/B 720120 group and 191

in the HepA"/B 360/10 group). Ninety-three subjects were

eliminated from the ATP cohort for immunogenicity due to
initially seropositive (21) or unknown antibody status (72);
two protocol violations; six non-compliance with vaccina-

tion schedule and two non-compliance with blood sampling
schedule.

Overall, in the total cohort, mean age was 6.0 t 3. I years

(meantS.D.) and 55Yo of the subjects were male. The

median age was 6 years with a minimum age of I year and

a maximum age of 12 years (three subjects were out of the

protocol-specified age range of 1-l I years by only a few
days). In the l-5 year group, mean age was 3.1* 1.3 years,

the median age'was 3 years and 56.5%o of the subjects were

male. In the 6-l I year group, mean age was 8.7 t 1.6 years,

the median age was 9 years and 53.8Yo of the subjects were

male. The demographic proflle of the two vaccine groups

was comparable with respect to mean age, gender and racial
distribution in both age groups and in all three cohorts.

3.2. Reactogenicity and safen

During the 4-day follow up period after all vaccinations,
of the 248 children who received the HepA/B 720/20 vac-
cine, 12 (4.8%) reported at least one grade 3 local and/or

general symptom versus 16 (6.5%) out of 247 subjects in
the HepA/B 360/10 vaccine group. The -1.7%(-7.07 3.60

CI) percentage difference between the two groups was below
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Tablc I
Nurnbcr and pcrccntagc of subjects with solicited local syrnptoms (ATP cohort)
Solicited Total ATP cohof (N:495) ¡;-Valueo I 5 year old (N=233) ,¡rValueo 6 I I year old (N= 262) p-Value"

ocal

sylnptom
HepNB 720/2O

(N:248)
HepA/B 360/l 0
(N:247)

HepNB 120120

(/v: l r1)
HepA,/B 360/10

(N= 122)

HepNB 120/20

(N: l3i)
HepA/B 360/1 0

(N= 125)

n Percentage ,r Percenta[e ,r P€rcentage Percentagcil Percentage ,¡ Pcrcerrtage

Pai n

Ail
c3

Redness

^ltG3

134 s4o(476 604) r28
s 20(014.6) 3

5t8(454 582) 06529 s3

t 2 (o.3-3 s) 0 1243 2

47 7 (382 s7 4) s6 45 9 (36 8-5s 2) 07940 81

r8(0264) r 08(004s) 06063 1

s9 1 (so 4 Á7 4) ',72

22(0 s 63) 2

s7 6(484 66.4) 09002
r 6 (0 2-5 7) I 0000

62 250(197 309\
r 04(00-22)

76 30 I (2s r-36 9) 0 1615

3 r2(0335) 03725
32 23 4 (t6 6-31 3) 3t
0 00(0027) I

24 8 (t7 5-33 3) 0 8850

08(0044) 0477r
30 270(r90 363) 45 369(28.346 1) o1234
l 09(00-49) 2 l6(02-58) 10000

Swelling
Ail
G3

39 1s7 (n 4-209)
| 04(00 22)

s2 21 t (t6.1 26.7) 0 t329 26

4 16(044 l) 02159 I

13 9 5 (5 r-15 7)

0 00(00-27)
23 r84(120-263) 00475
2 t 6 (O 2-5 '7\ 0 2261

23 4 (ts 9-32 4) 29 23 I (16 s 32,3) r 0000

09(0049) 2 r6(0.25.8) 10000

N: total nunrbcr ofsubjccts with ât lcast one docurnentcd dose, D: number ofsrìbjeets repofing at least one lype ofsymptom during thc 4-da¡r follow-up pcriod,
G3: gradc 3; pain grade 3: spontancottsly painful, rcdness/swelling gradc 3: with grcatcst surfacc diamctcr >25 mm (for childrcn agcd l-5 years) or >50 l¡m
(for childrcn agcd 6-l 1 ycars), grado 3: prcventcd normal activity

u Fisher's 2-sidcd tcst

the pre-defined 10yo limit for non-inferiority of the HepA/B
120120 vaccine to be demonstrated.

In children aged 1-5 years, the overall incidence of
solicited local symptoms was similar in both groups. Sub-
jects in both groups repofted pain at the iryection site most
frequently: 53 of I l1 subjects (47 .7%) in the HepA/B720120
group and 56 of 122 subjects (45.9%) in the HepA/B 360/10
group. Only nine subjects (four in the HepA/B 720120 group
and five in the HepA/B 360/10 group) reported local symp-
toms of grade 3 intensity, which all resolved without seque-
lae. In children aged 6-l I years, the overall incidence of
solicited local symptoms was similar in both groups, except
for swelling which tended to be higher at l8.4yo (23 of 125

subjects) in the HepA/B 360/10 grolrp than in the HepA/B
720/20 group at 9.5% (13 of 137 subjects). Subjects in both
groups reported pain at the injection site most frequently: 8l
of 137 subjects (59.1%) in the HepA/B 720/20 group and

12 of 125 subjects (57.6%) in the HepA"/B 360/10 group.
Only eight subjects (three in the HepA/B 720120 group and
five in the HepA/B 360/10 group) reported local symptoms
of grade 3 intensity, which all resolved without sequelae
(Table 1).

In children aged 1-5 years, subjects in both groups
reported initability/fussiness most frequently: 35 of 1ll
subjects (31.5%) in the HepA/B 720/20 group and 52 of
122 subjects (42.6%) in the HepA"/B 360/10 group. The
majority of the general symptoms reported were consid-
ered by the investigator to be related to vaccination. Only
severr subjects (two in the HepAlB 120120 group and five
in the HepA/B 360/10 group) reported symptoms of grade

3 intensity, which were considered by the investigator to
be related to vaccination. All symptoms resolved without
sequelae.

In children aged 6-l I years, subjects in both groups
reported fatigue and headache most frequently: 29 of 137
subjects (21.2%) and25 of 137 subjects (18.2%) respectively,
in the HepA/B 720120 group and 36 of 125 (28.8%) and 40 of
125 (32%), respectively, in the HepA/B 360/10 group. The

majority of the general symptoms were considered by the
investigator to be related to vaccination. Only three subjects
(in the HepA/B 360/10 group) reported symptoms of grade

3 intensity, which were considered by the investigator to be
related to vaccination. All symptoms resolved without seque-
lae (Table 2).

A total of 82 subjects (39 in the HepA/B 720120 group
and 43 in the HepdB 360/10 group) reported at least one
unsolicited symptom, which was considered by the investiga-
tor to be related to vaccination, during the 3 1-day follow-up
period after vaccination. A total of 75 subjects (33 in the

HepA/B 720120 group and 42inthe HepA/B 360/10 group)
reported unsolicited symptoms of intensity grade 3 during
the 3l-day follow-up period after vaccination and seven of
these unsolicited symptoms (3 in the HepA/B 720120 group
and four in the HepA/B 360/10 group) were considered
by the investigator to be related to vaccination (data not
shown). 98.6% of all unsolicited symptoms resolved dur-
ing the 31-day follow-up period. During the entire study
period, only one subject (in the HepA/B 360/10 group)
reported an SAE considered by the investigator to be related
to vaccination. It consisted of vomiting, fever with symp-
toms of rhinorrhea and cough four days after receiving the

first vaccine dose. The subject was hospitalized and diag-
nosed with viral upper respiratory tract infection and exac-
erbation of eczema. After recovery the subject received
the second and the third vaccine doses without any further
SAE.

All results obtained in the ATP cohort for reactogenicity
were confiffned in the total cohort.

3.3. Immunogenicity

At month 7 (l month post-vaccination course), 100o2

of subjects \¡/ere seropositive for anti-HAV antibodies and
more than 98% of subjects had seroprotective levels of
anti-HBs antibodies. High GMTs were measured in both
groups (>8400 mlU/ml for anti-HAV and >7800 rnlUiml for



D. Roberton et al. / Vaccine 23 (2005) 5099-51O5

100 1000 10000

cut-off = 15.00 Anti-HAV*Behring antibody tilres (mlU/ml)

100 1000 10000 100000

cuþoff = 3.30 Anti-HBS(ElA) ant¡body titres (mlU/ml)

5t03

100

90

80

70

Ø

860
o-5(,
b50
(Ð
O)(ú
E40oI
(¡)rL 

30

100

90

80

70

@

860
=ú,

o--
o
o)õ-ç 40
o
e
(¡)rL 

so

20

10

0

10

Fig. L Revcrse cumulative distribution curves (RCC) for anti-HAV antibodies post-vaccination (Month 7) in HepA/B 360/10 ("Twinrix Junior") vs. Hep AÆ

7 20 120 ("Tw iwtx") groups.

10

1 00000

20

0

10 1 000000

Fig.2. Reverse cumulative distribution curves (RCC) anti-HBs antibodies post-vaccination (Month 7) in HcpAÆ 360/10 ("Twinrix Junior") vs. Hep AÆ
7 20 I 20 ("Tw i¡nx") groups.

HTw¡nr¡x
HTwinrix Jun

G+.Twinrix
++el¡¡i¡¡i¡ Ju¡i6¡



5 104 D Roberlon et al /Vaccitrc 23 (2005) 5099-5105

Table 2

Numbcr and pcrccntagc ofsubjccts with solicitcd gcncral symptoms (ATP cohort)

I 5 year old HepAÆ 720120 (N:lll) HcpA/B 360/10 (N - 122) ¡r-Valucâ

n Pcrccntagc I1 Pcrccntagc

Drowsi¡rcss

Ini tabil i tylfussincss

Loss of appctite

Fcvcr

6 I I ycar-old

All
Rclatcd/G3

All
Rclatcd/G3

All
Rclatcd/G3

All
Rclatcd/G3

24
I

35

0

20

1

t3
0

2t.6 (14.4 30.4)
0.e (0.0 4.e)

3l.s (23 0-4r.0)
0.0 (0.0 3 3)

18.0 (tt 4 26 4)
0.9 (0.0 4.9)

tt 7 (6 4-19.2)
0.0 (0.0 3 3)

39

J

52

I

37

0

l9
I

32.0 (23 841 0)
2 s (0.s 7.0)

42 6 (33.7 st.9)
0.8 (0 0 4.s)

30 3 (22 3-39 3)

0 0 (0,0 3.0)

ts.6 (9.6-23.2)
0.8(00 4s)

0.0790
0 6234

0.1035

1.0000

0.0331

0.4764

0.4487

1.0000

N: 137 N: t25

t1 Pcrccntagc t1 Perccntagc

Fatiguc

Gastro-intcstinal

Headachc

Fcvcr

Rclatcd,/G3

Rclatcd.rG3

Rclated,/G3

Rclatcd,/G3

All

All

All

AI

29

0

)(l

0

25

0

2t.2 (14:7 29.0\
0.0 (0.0-2.7)

t4.6 (9.2-21.6)
0.0 (0.0-2.7)

18.2 (12.2-25.7)
0.0 (0.0 2.7)

s 8 (2 6-tt.2)
0.0 (0.0 2 7)

36 28 8 (,21 t-37 6)
0.8 (0.0 4.4)

20 I (14.1-29.0)
0.8 (0.0 4.4)

32.0 (23.940.9)
08(004.4)

12.8 (7.s-20.0)
0.0(00 2e)

0.1973
0.477 |

0.1976
0.477 |

0 0l4s
0.4771

0 0s648

0

26

i

40

I

16

0

N: total number ofsubjccts with at least one documcntcd dosc, r: numbcr ofsubjccts rcporting at least onc typc ofsymptorn during thc 4-day follow-up pcriod,
rclatcd: symptoms considcrcd by thc invcstigator to bc related to vaccination, gradc 3: prcvcntcd nomral activity, fever: oraVaxillary tcmpcraturc >3'1.5'C
or rectal tcmpcrature >38 "C, fever grade 3: orallaxillary tempcraturc >39 5'C or rcctal temperaturc >40'C, initability grade 3: crying that could not bc
comforted./prcvcnted normal activity, loss ofappctitc gradc 3: not cating at all.

u Fishcr's 2-sidcd tcst.

Tablc 3

Post-vaccination (Month 7) anti-HBs scroprotcction ratcs, anti-HAV seropositivity ratcs and gcornctric mcan titres (ATP cohort)

Timc Auti-HBs antibodies

sP (%) GMr (9s% CI) (mlU/ml)

Anti-HAV antibodìcs

s+ (%) GMr (9s% CI) (mlu/ml)

HcpA/B 720120 (N:201)
HcpAiB 360/10 (N:188)

Month 7

Month 7

985
100

78e4(6r31 r0r6s)
13683 (lr3l5-16548)

100

100

8412 (7483-94s7)
9257 (8160 l0s0r)

N: numbcr of subjects with scrology rcsults available, SP: scroprotcction for anti-HBs antibodics (i e titres >l0mlU/rnl), S+: scropositivity for anti-HAV
antibodies (i.c. titres > l5 mlU/rnl), GMT: gcomctric mcan titrcs, 95% CI:950% confidencc interval.

anti-HBs) (Table 3). Reverse cumulative distribution curves
(RCC) of anti-HAV and anti-HBs antibody titres are pre-
sented, respectively, in Figs. I and2. The results obtained in
the AIP cohort for immunogenicity were confirmed in the

total cohort.

4. Discussion

The results of the present study clearly demonstrate that
both two-dose combined hepatitis A and B vaccine with
double antigen content (HepA/B 720120) and established
three-dose schedule (HepAiB 360/10) were well tolerated
and highly immunogenic in children aged 1-l 1 years. A good
tolerability profile was documented in both age groups with

both vaccines. The percentage ofsubjects reporting any grade
3 symptorn was low in both treatment groups, not exceeding
8.5%. Moreover, the percentage of subjects reporting grade

3 fever did not exceed 1%o and only one subject reported
grade 3 fever considered by the investigator to be related to
vaccination. Non-inferiority of the two-dose schedule versus
three-dose schedule was demonstrated in terms of the per-
centage of subjects reporting any grade 3 (severe) solicited
symptom (local and/or general). Both vaccines and schedules
provided at least 98olo seroprotection against hepatitis B and
1000/o seroconversion against hepatitis A, I month after the

end of the vaccination course (rnonth 7). GMTs observed
at month 7 werc very high in both groups for both anti-
gens (>8400mlU/ml for anti-HAV and >7800mlU/ml for
anti-HBs), therefore the difference observed between anti-
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HBs GMT after the 3-dose (Hep A/B 360/10) versus the
2-dose schedule (Hep A/B 720120), 13683 mlU/ml versus

7894mlU/ml, respectively, is hardly likely to be clinically
i' relevant. This is confirmed by anti-HBs RCCs, showing that

>90Yo of all subjects had anti-HBs GMT > 1000 mlU/ml at

month 7.

These results confirm other recent studies wherein the

, immunogenicity and safety profile of a two-dose schedule (0

and 6 months) of the increased antigen content of the com-
bined hepatitis A and B vaccine was investigated in children
aged 1-1 I years 114,16,19l, as well as in adolescents aged

l2-15 years [14,1 6-1 8].
Results from these studies indicated that this two-dose

schedule could be considered an altemative for immunization
of children and adolescents who are not at immediate risk of
hepatitis B infection. It is particularly justified for children
and adolescents in the context of school-based immunization
programs. The two-dose schedule was shown to be cost-
effective [20], ensuring higher coverage rates as a result of

: fewer injections and the avoidance of missed vaccination
I opportunities, a two-dose regimen offers savings in syringes,
" vaccine storage and cold chain, transportation, medical visits,
' logistics and administration costs. Considering the reduction

' in health care budgets, a two-dose regimen could thus provide
a less costly altemative.
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Summarv: Contribution and lmpact

This thesis describes a body of work undeftaken between 1997 and 2009 on research in vaccinology. The

global and national impofiance of this topic demands research of the highest standards directed at

answering not only how immunogenic a vaccine is but how safe it is and how well it is accepted into the

community to provide the best protection for populations, Misinformation in the media about vaccines

needs to be addressed by carefully designed and conducted epidemiological, clinical and community based

studies.

The following provides a brief summary of the conclusions derived from the studies described in this thesis

and outlines immediate and longer term impact and initiatives arising from them.

Combination Vaccines

DTPa based combination vaccines

Chapter 1 describes my research contributions to the area of combination vaccines and their application in

childhood. Combination paediatric vaccines are emerging in the marketplace, bringing with them the

prospect of higher coverage rates, fewer needles, greater protection against multiple diseases and more

efficient products using new,.more sophisticated technology. By reducing the number of injections given at

each immunisation encounter, combination vaccines increase convenience of immunisations for both the

vaccinees and immunisation providers. ln doing so, they have the advantage of potentially higher

compliance with immunisation programs and reduction of their overall costs. Administration of fewer

vaccines simplifies storage and delivery logistics, fewer staff are required for immunisation delivery, and the

risk of immunisation related errors is reduced. Parents and immunisation providers have been shown to be

reluctant for children to have multiple injections at an immunisation encounter. This may result in delayed

completion of immunisations with increased risk to the infant of acquiring a vaccine preventable disease.

Provision of clinical data on immunogenicity and reactogenicity of new vaccines is required for licensing of

new combination vaccines for children and young people in Australia and elsewhere, Combination

vaccines trialled by our research unit and described in Chapter 1, are now available and incorporated in

immunisation schedules around the world.
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The impact of new combination vaccines on the childhood immunisation schedule has been substantial.

Since the results of research studies assessing the various combinations of DTPa, HepB, IPV and Hib

vaccine antigens have been presented, a hexavalent vaccine has been licensed in many countries so that

infants now receive DTPa-HepB-lPV-Hib in one injection, However there is currently a limit on the number

of antigens that can be mixed in the one syringe so it unlikely with current technology that all vaccines will

be given in one injection.

M e ning ococc al co mbi n ation v accine s

The excellent results of the Hib-MenCY vaccine study have led to a furlher study by our group to assess

the safety and immunogenicity of Hib-MenCY vaccine co-administered with MMR vaccine. The results of

this study have been pivotal in submission of the file to the FDA on 10 August 2009, for licensing of

HibMenCY vaccine in the US. The vaccine dose for the more recent Hib-MenCY study was chosen from

the study outlined in Paper 4. f he results of the primary component of this second study were presented at

the 45tt' Annual Meeting of the lnfectious Diseases Society of America (IDSA), San Diego, California,

October 4-7,2007 and the booster vaccination results have recently been presented by Prof Terry Nolan at

the 49tt' lnterscience Conference on Antimicrobial Agents and Chemotherapy (ICAAC), San Francisco,

California, '12-15 September2009, A manuscript outlining the results of the study is soon to be submitted

to the Pediatric lnfectious Diseases Journal.

ln the UK, a dramatic reduction in invasive Hib and meningococcal C disease has been observed following

the introduction of Hib and meningoccocal C vaccines with the use of a combination HibMenO vaccine

(also trialed by our research unit) as a booster at 12 months of age, A manuscript outlining the results of

the Hib-Men C booster study is to be submitted for publication in the fourth quarter of 2009.

A combination vaccine to provide protection against all the various meningococcal subgroups (4, B, C, W,

Y) causing invasive disease in humans is closer to becoming a reality, Since the success of the

meningococcal C vaccine program in Australia, 90% of the remaining cases of invasive meningococcal

disease are now due to meningococcal serogroup B. Our research unit was the first research group in the

world to trial a novel meningococcal B vaccine, (1P2086, First ln Man (FlM) study) based on recombinant

outer membrane proteins to provide protection against endemic meningococcal B disease, Previous

meningococcal B vaccines have been developed for epidemic disease due to a specific subtype causing

disease in a region or country (MenNZ vaccine developed for epidemics in New Zealand). The usual
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conjugation process to capsular proteins (used for conjugate A,C, W, Y vaccines) is unsuccessful for Men

B vaccines as the Men B capsular proteins are very similar to human neural proteins which renders the

subsequent vaccine poorly immunogenic with the concern that its use may precipitate autoimmune disease

in the recipient, A study conducted in the 1 960s showed vaccine made with Men B capsular proteins to be

poorly immunogenic (antibodies were detected but non functional) but there was no increased risk of

autoimmune disease identified,

This 1P2086 vaccine has now been trialled in adolescents and toddlers by our research unit and other sites

in Australia, with a worldwide Phase 3 clinicaltrial in adolescents planned for 2010. A manuscript outlining

the Men B vaccine FIM study results is currently being prepared for submission for publication, I presented

the results of the FIM and adolescent Men B vaccine studies at the lnternational Pathogenic Neisseria

Conference (IPNC), Rotterdam, The Netherlands in September 2008.

The changing epidemiology of the disease and recent deaths from invasive meningococcal B disease in

Australia has heightened the importance of the development of an effective meningococcal B vaccine to

protect against endemic disease.

We are awaiting results from a clinical trial conducted by our research unit of a combination MenACWY

conjugate vaccine administered to toddlers. The ultimate goal is to develop a combination vaccine available

to provide protection against allfive meningococcal serogroups.

ln Africa where endemic and epidemic Meningococcal A disease causes tens of thousands of deaths per

year a conjugate meningococcal A vaccine is being trialled. The conjugate meningococcal A vaccine is

likely to have the greatest impact on disease burden, due to the large. number of cases of invasive

meningococcal disease it will prevent.

Respiratorv virus vaccines

lnfluenza vaccines

Vaccines to prevent respiratory viruses are still being developed and tested in clinical trials. The intranasal

influenza vaccine discussed in Chapter 2 is licensed and available in the US and has been filed for

licensure in Australia. Novel influenza virus vaccines are being developed as each influenza epidemic or

pandemic occurs. Our research group has been involved in a clinical trial to assess the safety and
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immunogenicity of a novel HlNl vaccine in children in a combined Government, TGA and industry

responsetothecurrentH'1N1 pandemic. lamthePrincipal lnvestigatoratoursiteforthisexpeditedstudy

toassessthesafetyandimmunogenicityof novel H1N1 lnfluenza09vaccineinchildrenpriortoroll-outof

the vaccine to the Australian community. Australia has been a world leader in responding to the current

H1N1 epidemic with the manufacture, clinical trials and roll-out of a vaccine to the population to provide

protection against H1 N1.

Vaccines to prevent H5N1 have also been developed and stock-piled by Governments concerned about

the mortality associated with previous pandemics,

Combination intranasal respiratory vaccines

RSV and PlV3 vaccines are considered a high priority by paediatricians, but a safe and effective

combination vaccine has been elusive. PlV3-cp45 vaccine is expected to prevent several significant

clinical syndromes commonly caused by PlV3, including acute otitis media, lower respiratory infection and

febrile upper respiratory tract infection, but determination of efficacy will require further studies.

The addition of live attenuated RSV vaccine and, possibly, other live attenuated vaccines (PlV1, PlV2, and

hMPV) would be a significant advance in controlling viral respiratory disease in young children, but as

discussed in Chapter 2, for various reasons may not be available for several years,

A more recent advance in RSV-P|V3 vaccine development is the new experimental genetically engineered

RSV-PlV3 intranasal vaccine. This chimeric vaccine contains a bovine PIV-3 backbone with human RSV F

and G glycoproteins inserted into the PlV3 backbone. This vaccine has been shown to be immunogenic in

preclinical studies. I am the Principal lnvestigator for Australasia for an immunogenicity and safety study of

the genetically modified RSV/PlV3 intranasal vaccine, to commence in November 2009.

Communíty and immunisation provider acceptance of new vaccines

Community acceptance of new vaccination programs requires research to be conducted prior to

introduction of the campaign to understand the knowledge of and concerns in the community about the

introduction of new vaccines. Our unit has developed a strong research profile in this area, particularly in

relation to community acceptance of HPV vaccines and pandemic influenza vaccines, Further studies
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include a proposal to assess reasons for suboptimal uptake of HPV vaccine through a school based

immunisation program, Australia is a world leader in establishing a funded immunisation program for HPV

vaccine administered through schools, As our study results suggest (Paper 1 0), community support for the

vaccine has in general been strong. However, adverse publicity in the media has resulted in concern

amongst some adolescents and their parents about safety of the vaccine. ln South Australia, one school

opted out of the HPV immunisation program and did not offer vaccination though the school based program

- this has not occurred with any other vaccine distributed through a school based program.

ln the US, more recently concerns about HPV immunisation have been raised particularly amongst

religious groups. Uptake of HPV vaccine has been lower than expected in comparison with other vaccines

distributed through a school immunisation program wilhTTo/o of year 8 girls and 55% of year 12 girls

receiving three dose of the vaccine compared lo ag4% coverage rate in 18 month old children. Concern

has also been raised about the uptake of other vaccines given concomitantly with HPV vaccine. Coverage

for Hepatitis B vaccine given ioncomitantly with HPV vaccine in 2007 was only 72o/o compared to 82% in

the preceding year.

Therefore, lower than expected acceptance and consent for immunisation with HPV vaccine may also have

implications for other vaccines that historically have shown good uptake in adolescents. A pilot study to

assess barriers to uptake of vaccine through a school based program is ongoing and has been funded by a

University of Adelaide Faculty of Health Sciences grant and funding from SA Health. Data from this pilot

study will contribute towards an ARC linkage grant proposal to be submitted in November 2009 to assess

partnerships between education and health in achieving optimal outcomes for health service delivery

through schools such as immunisation programs. I am also an invited member of a national HPV working

party, headed by Dr Julia Brotherton, Epidemiologist, National HPV Vaccination Program Register to

assess acceptance of HPV vaccine through research in the community.

Research into community knowledge and acceptance of Pl preparedness has resulted in a successful

collaboration with public health practitioners and the award of an NHMRC grant ($tA0,OOO¡ lD 626867 for

research on the current H1N1 influenza pandemic. I am the Principal lnvestigator on the project entitled

"Evaluating community understanding of and participation in strategies to prevent the spread of H1N1". The
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study will be conducted in 2009 - 2010 with preliminary results to be presented by me at a national

NHMRC workshop in Canberra in December 2009 to inform public health policy,

Vaccine safetv

Monitoring the safety of vaccines remains an essential component of any new immunisation program,

including post licensure surveillance of adverse events,

Due to the observed frequency in local injection site reactions following booster DTPa vaccine, the ATAGI

recommended the removal of the DTPa booster vaccination at 18 months so that children receive only four

DTPa vaccinations in the first 5 years of life, The reported studies indicate that a lower antigen dTpa

vaccine may be less likely to give rise to large local reactions when used as a booster dose, However

fufther studies are warranted to assist in determining the appropriate age for switching to reduced-antigen-

content vaccines, i.e. to define when the benefits of reduced reactogenicity clearly outweigh a potentially

lower immunogenicity.

ln a fufther study being conducted by our research unit, ultrasound is being used to assess depth of

vaccine deposition during vaccine administration, The study was considered feasible after the successful

use of ultrasound in the extensive limb swelling study described above (Paper 14), This study has been

designed to assess the appropriate angle for needle administration in infants, children, adolescents and

adults comparing the depth of deposition of vaccinate when a needle is inserled at 60" or at 90", The

results of this study will contribute to immunisation policy regarding the appropriate angle of vaccine

administration to ensure an intramuscular vaccination,

New vaccine schedules

Careful consideration must be given to an appropriate vaccination schedule for each vaccine as it becomes

licensed. Post licensure surveillance data may indicate where schedules need to be amended due to

adverse events or suboptimal long term immunity. Vaccination schedules should be flexible to allow

changes to be made to improve acceptability and efficacy in provision of immunisations, As discussed in

the presented papers is it likely that the pertussis vaccination schedule will see significant change in the

near future in order to control epidemics. Ongoing research by our group includes a study to evaluate the

severity of disease in children hospitalised with peftussis infection and validation of a severity score in

59



collaboration with nine other pafiicipating tefiiary paediatric hospitals, The pefiussis severity scoring

system was designed by me with input from paediatricians and respiratory physicians from the Adelaide

Women's and Children's Hospital, to accurately describe the impact of severe disease on children

hospitalised with pefiussis infection, This is a novel approach with no other perlussis severity scoring

system available universally, We will also be assessing the impact of the current epidemic in South

Australia. This information will be made available to the ATAGI pertussis immunisation working party.

The results of the pertussis vaccination at birth pilot study were central to the award of an NHMRC project

grant No, 570756 ($1.+S million, CIA P Mclntyre) for a larger study to examine neonatal pertussis

immunisation at birlh and to determine whether recent vaccination of mothers with a pertussis booster prior

to pregnancy influences the antibody responses in the infant to the neonatal pertussis vaccination. We will

be commencing this study in November 2009. The NHMRC study was designed by Prof Peter Mclntyre

from the National Centre for lmmunisation Research and Surveillance with significant input from input from

myself, Prof Terry Nolan, A/Prof Peter Richmond and Dr Nicholas Wood,

Following the outcome of combination Hepatitis A and B studies examining different schedules, a two dose

schedule (adult formulation) is now offered as an alternative to the three dose paediatric formulation to

provide protection for children against Hepatitis A and B infection.
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Conclusion:

The contribution of this body of work to science and public health practice is significant. My research has

included a broad approach to immunisation, ranging from the antibody and cellular immune response to

vaccination to the mechanisms by which uptake of vaccination can be enhanced in the community. We

need safe and effective vaccines but we also need acceptance and confidence within the community for an

immunisation program to be successful. Our research group is one of two immunisation centres in

Australia examining both the science of new vaccines and social implications of vaccine introduction in the

community. My research portfolio includes NHMRC funded studies, other competitive grant funded studies

and lndustry funded studies. The papers included in this thesis have been presented at national and

international meetings as indicated in the chapters and in the Appendix.

I hope that our future research potlfolio will include research for communities most susceptible to infectious

disease at an early age - our lndigenous Australian children who have the benefit of high immunisation

coverage rates but do not receive immunisations in a timely fashion, the reasons for which remain

unknown.

I conclude my thesis with a quote from the "Father of Vaccinology", Stanley Plotkin

"Thus all of us - vaccine developers, producers, public health practitioners and government officials - have

our work cut out: to make sure that every person in the world who needs a vaccine receives it, Although

this is a daunting task, we should take it up with joy, as the result will be diminished human misery."

Stanley Plotkin
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Hospital, Children, Youth and Women's Health Service

. Senior Lecturer (ClinicalTitle Holder), Discipline of Paediatrics, School of Paediatrics and

Reproductive Health, University of Adelaide

. Senior Lecturer (ClinicalTitle Holder), Discipline of Public Health, School of Population Health

and Clinical Practice, University of Adelaide

Academic Qualifications

. Bachelor of Medicine and Bachelor of Surgery, University of Adelaide, 1988

. Diploma of Child Health, Dept, Paediatrics, University of Adelaide, 1999

. Master of Public Health, University of Adelaide, 2004

Membership and Affiliations

. Member of the European Society of lnfectious Diseases (2009 - current)

. Member of the Association of Clinical Research Professionals (2007- current)

. Member of the Public Health Association of Australia (2003 - current)

. Member of the Medical lnsurance Group Australia (2004 - current)

. Executive Member of the South Australian lmmunisation Forum (2004-2008)

. Member of the Australian Medical Association of Australia (2006-2008)

Leadership

ln my role as Director of the Vaccinology and lmmunology Research Trials Unit (formerly the Paediatric



Trials Unit) within the Discipline of Paediatrics, I provide leadership to a multi-disciplinary group of

seventeen staff including three research medical officers, a research fellow, two senior researchers, five

scientists and six specialist research nurses. As Director of VIRTU with almost'12 years experience in

vaccinology research I have been the Principal lnvestigator or Co-lnvestigator for over 50 clinical trials

and studies in epidemiology. These studies include Phase I - Phase lV safety, immunogenicity and

efficacy trials in experimental vaccines. ln addition, my research has included epidemiological studies

of disease prevalence, community attitudes to the introduction of new vaccines and adverse events

related to vaccination. The VIRTU is parl of the Women's and Children's Hospital (WCH), a facility of

the Children Youth and Women's Health Service (CYWHS). The research unit is affiliated with the

University of Adelaide and is located within the Discipline of Paediatrics, School of Paediatrics and
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clinical research to an excellent standard and in teaching and education in vaccinology, Over a ten year

period over $4.5 million dollars in funding has been provided from both industry sponsorship and

competitive grant f unding.

VIRTU staff are trained in clinical trial conduct, lnternational Conference in Harmonisation Good Clinical

Practice (lCH GCP) guidelines and effective communication of research through abstract presentations

and manuscript preparation. Continuing education includes monthly Vaccinology Research Seminars

which I organise on topics relevant to clinical trials, infectious disease and vaccinology. These

seminars, held in the Discipline of Paediatrics are widely published amongst hospital and university

staff and presented by invited speakers for the benefit of staff and students, I supervise the training of

VIRTU staff to ensure that staff are adequately trained and appropriately qualified to pedorm their

relevant functions within VIRTU and approve standardised training procedures for VIRTU clinical

research conduct. ln addition, I supervise a staff development program which includes Good Clinical

Practice (GCP) training, grant fund writing and manuscript preparation. As a review of the strategic

direction for VIRTU, I organised and was a participant in a Strategic Planning Day held in October

2007 . fhe meeting was facilitated by //Prof Maree O'Keefe, Associate Dean of Learning and Teaching

and achieved its goal of setting a 5 to 10 year strategic plan for our unit, the main goal being to improve

success with competitive grant funding for academic research.

I am a supervisor for the World Health Organisation (WHO) Fellowship scheme for placement of

Fellows with Australian clinical trials research units to gain experience in clinicaltrial conduct. This has

involved supervision of two Paediatricians from China for a two week period and provision of a written

assessment to the WHO, I have developed a program for visiting fellows covering clinical trials conduct



(VlRTU, WCH) and infectious diseases (Communicable Disease Control Branch (CDCB), Dept of

Health;the Chest Clinic, Royal Adelaide Hospital).

Teaching

Medical/Health Sciences Teaching and Supervision Summary

. 2010 Medical student Year 4 MBBS Research Proposal

o 2009 PhD student (Co-supervisor 25%)

o 2008 Poster Assessor, Research Expo 2008, University of Adelaide, July 2008

. 2007-current Lecturer, Health Sciences Honours students, Discipline of Paediatrics

. 2003-current Lecturer, 4th yeâr Medical Students, Discipline of Paediatrics

. 2003-current Lecturer, Diploma in Child Health, Discipline of Paediatrics

. 2005-current Lecturer, Public Health Science students, Discipline of Public Health

. 2005-current Co-ordinator Vaccinology and lmmunology Research Trials Unit Seminar program

. 2005-2006 Co-ordinator of Allergy, lmmunology, Rheumatology and Vaccinology program

. 2006-current Examiner Sth year medical students OSCI exams, University of Adelaide

. 1997-1999 Tutor in General Paediatrics - medical student teaching, years 2-5

. 1999-current Oral Assessor for entry into medicine/dentistry

Since graduation I have been involved in teaching medical students (years 2-5) and paediatric trainees

in general paediatrics and clinical skills. More recently I have been involved in the teaching of

vaccinology, research and clinical trial conduct and design to Medical, Public Health, Health Science

and honours students. This has included the preparation and presentation of lectures based on

material considered as cutting edge parlicularly in the area of vaccinology and investigational vaccines.

I have employed a range of teaching methods including didactic presentations with use of video to

demonstrate clinical examples, interactive problem solving and preparation of course notes with

selected reference material for distribution to students. I have also set examination questions for the

Diploma in Child Health examinations and fifth year medical student OSCI examinations. I have

provided General Practitioner (GP) education sessions on new vaccines and lectures for the GP

refresher weeks previously held at the WCH, These sessions have been formally assessed by

completion of questionnaires by participants. The feedback I have received has been very positive. My

goal in teaching is to develop interest and enthusiasm for learning, particularly in the impofiance of

prevention of infectious disease.



I am a supervisor for 4th year medical students' research projects and I supervise health science

students undefiaking an honours year.

I completed the Colleague Development Program, University of Adelaide, in 2008

Scholarship

Research Activity

During my twelve years as a researcher in vaccinology I have established four main areas of

immunisation researclr anel irnplementation of researeh outeomes to public health poliey (ouilined

below). These research themes including 1. lnvestigational vaccines, 2. Vaccine Safety 3, Social

Epidemiology/Health Economics of immunisation and 4. lnfectious Disease Epidemiology are of critical

importance to current research questions in vaccinology as well as key clinical and publie health issues,

I am a founding member of the National lmmunisation Research Network, a group established to foster

collaboration nationally amongst vaccinology research groups. I am considered nationally and

internationally as an expert in vaccinology and have been invited to present scientific papers at both

national and international meetings and critique papers submitted to both national and international

journals in vaccinology and child health.

lnvestigational Vaccines

My most significant research has resulted from conducting clinical trials with investigational vaccines.

Studies of investigational vaccines conducted in Australia provide local data to licensing and regulatory

authorities, A significant contribution has been my involvement as Principal lnvestigator for the

Meningococcal B vaccine project. The Meningococcus B strain is responsible for the majority of deaths

from meningococcal infection in Australia and in many other countries such as the United Kingdom, the

United States and Canada. Unfortunately a licensed Meningococcal B vaccine does not currently exist

and is urgently required to reduce mofiality from this infection. A novel vaccine has been developed

and trialled initially in adults then adolescents, children and toddlers at our site, Our unit was

approached by Wyeth (US) to conduct the First-ln-Man (FlM) Phase I study with the novel

Meningococcal B vaccine with subsequent testing in other age groups, Approval for the study to

proceed in Australia was dependent on our site obtaining an external review of the planned protocol

and study conduct from an international expert and subsequent ethics approval, The study results

have indicated that this novel vaccine should be fufiher developed and trialled for potential global use

to prevent morbidity and mortality from meningococcal B infection. I presented the FIM and adolescent



study results at the lnternational Pathogenic Neisseria Conference (IPNC) in The Netherlands in

September 2008. A manuscript is currently being prepared on the FIM study results. The

meningococcal B project continues in Australia with the help of collaborative colleagues (Prof Michael

Nissan, Royal Children's Hospital, Brisbane,,A/Prof Peter Richmond, Princess Margaret Hospital, Pefth,

Prof Terry Nolan, University of Melbourne, ,A/Prof Graham Reynolds, Royal Canberra Hospital,

Canberra and Prof Roberl Booy, Children's Hospital at Westmead, Sydney).

Other significant contributions include studies in new combination vaccines. This allows a reduction in

the number of needles that need to be administered to infants and children making vaccination more

acceptable (and more cost-effective with less time spent in the clinic) for all involved. Many of the new

vaccine combinations trialled by our unit are now licensed (or have been filed for licensing) for use in

Australian children including a combination measles, mumps, rubella, varicella vaccine. All studies

have resulted in a publication or recent preparation of a manuscript for publication. I am responsible for

ensuring all data resulting from clinical trials conducted by our unit are published whether the findings

are positive or negative, Studies of investigational vaccines conducted at our site provide Australian

data for regulatory authorities such as the Therapeutic Goods Administration (TGA) and Food and Drug

Administration, (FDA, US), lt is an advantage for both vaccine companies and the TGA to have safety

and immunogenicity data based on the Australian population when licensing of a new vaccine is being

considered.

Vaccine Safety

As the incidence of vaccine preventable disease has decreased, vaccine safety concerns have

increased both within regulatory authorities and the community. Studies in vaccine safety identify

adverse reactions associated with vaccination and provide data that support changes to the vaccination

schedule to reduce the adverse effects associated with immunisation. Vaccine safety studies have

included clinical and ultrasound assessment of extensive swelling reactions (ESR) following booster

doses of diphtheria, tetanus and pertussis (DTPa) vaccine and comparison of low versus high antigen

content DTPa booster vaccine in children with a previous ESR. Following the demonstration of

acceptable immunogenicity the 18 month booster DTPa dose has been removed from the childhood

schedule to reduce the incidence of extensive swelling reactions and promote compliance with

childhood immunisation, A study of administration of pertussis vaccine at birth to provide earlier

protection for infants from pertussis infection has provided important safety and immunogenicity pilot

data to support an NHMRC grant application to investigate this novel change to the infant schedule.

I



Social Epidemiology

Community understanding and acceptance of vaccination is essential for high uptake of new vaccines

and an effective immunisation campaign. I have been the lead investigator for several published

studies examining community acceptance of new vaccines (varicella and Human Papillomavirus (HPV)

vaccine) the data of which have been used by the Australian Technical Advisory Group on

lmmunisation (ATAGI) in making recommendations for varicella vaccine funding. ln addition I have

been invited to present the data on community acceptance of HPV vaccine at many meetings including

GP education sessions and at the National Centre for lmmunisation Research and Surveillance

(NCIRS). The HPV vaccine study was funded by the grant I received as the inaugural reeipient of the

national Public Health and Education Research Trust Scholarship (PHERT). I have also been invited to

present the data at HPV symposia interstate (New South \{ales, Victoria, Queensland and Western

Australia), having presented at the University of Adelaide HPV immunisation symposium held last year,

This topic has also generated interest in the media and I have had several interviews with journalists

resulting in arlicles quoting the positive results of this study. Data from a recent study examining the

importance of community engagement in pandemic influenza preparedness was presented at the

lnternational Conference of lnfectious Disease in June 2008 and was the first study published to detail

community awareness and acceptance of government strategies to prevent spread of infection during

an influenza pandemic. Research in this area is ongoing with my recent award of an NHMRC grant to

investigate the current H1N1 lnfluenza 09 pandemic, investigating the community's response to

government pandemic initiatives including schoolclosures, to inform public policy.

I nfectious disease epidemiology

ln order to determine the most appropriate antigens to be incorporated into new vaccines and the best

age for administration prior to exposure to infection, epidemiological data must be obtained, Group A

streptococcal (GAS) infection is a cause of pharyngitis in children however in our indigenous population

there is a high rate of immunological complications from GAS infection such as rheumatic heafi disease

and glomerulonephritis. The bacteria are also "carried" in the pharynx by asymptomatic children. A

licensed vaccine to prevent GAS infection is urgently required particularly for our lndigenous community

and I am the principal investigator for a study to asses the epidemiology of the infection including

carriage in children aged 0-10 years. Data from this study will be used in the development of a

potential GAS vaccine which will be trialled by our research unit. Human Metapneumovirus (hMPV) is a

newly identified virus that causes severe lower respiratory tract infections (LRTI) in infants. I am the

principal investigator for a study to assess the incidence of hMPV in infants with a history of prematurity

presenting with a LRTI. These data will be used to determine whether development of a vaccine to



prevent this infection is feasible. ln addition, I am the lead investigator of a national study to assess the

severity of disease in infants and children admitted to hospital with pertussis and determine the disease

burden in the current epidemic. These data will be provided to the ATAGI "pertussis working party" and

presented at a public health immunisation conference to help in determining recommendations for the

ideal pertussis immunisation program.

Grant Funding: details outlined in my CV (Appendix A)

I have been successful in obtaining grant funding from many sources to suppott my research, including

three NHMRC grants, University of Adelaide grants, community funding organizations and lndustry

funding, I detailed list of funding sources and amounts is included in my CV (Appendix A).

Directorsh ips/Board Membersh ip

o Director, Vaccinology and lmmunology Research Trials Unit (VIRTU), 2006 - current

. Meningococcal Leadership Forum, lstanbul, Turkey, 14-1sth October2009

. Consensus on pertussis booster vaccination in Europe (COPE), Brussels, Belgium, 9th June

2009

. Paediatric lnfectious Diseases GlobalAdvisory Board, Paris, France 10tt' Dec 2008

. Global Advisory Board, Zoster vaccines, Sydney 2007- 2008

. Global Advisory Board, Varicella immunisation, Vienna, Austria, May 2006

. lndependent Scientific Advisory Board meeting: Pertussis prevention in 2006: issues, solutions

and strategies, Amsterdam, The Netherlands, September 2007

Collaborations

I have long standing and highly productive collaborations locally, nationally and internationally. I

collaborate with Dr Christina Boros, Dr Patrick Quinn and Dr Michael Gold within the Discipline of

Paediatrics on vaccine related studies. Within South Australia collaborators include Mrs Maureen

Watson, Director of the South Australian lmmunisation Coordination Unit, Prof Philip Ryan, Discipline of

Public Health and l/Prof Peter Baghurst from the Public Health Research Unit. Nationally I collaborate

$1,952,069$133,500$555,000Funding

Category 3Category 2DEST Category Category 1



with Dr Peter Richmond, Prof Terry Nolan, Prof Peter Mclntyre, Prof Robert Booy and Prof Michael

Nissen, all founding and co-members of the National Vaccine Research Network, lnternationally I

collaborate with the Medical Directors of the Research and Development Division of Medlmmune (US),

GlaxoSmithKline (Belgium), SanofiPasteur (US) and Wyeth (US).

Publications

I have published 21 research publications in peer-reviewed journals with high impact factors and a

fufther 6 papers have been submitted for publication to date. I have presented study results at national

and international public health, immunisation anC infectious diseases meetings, a list of which is

included in my CV.

Creative Activity / Consultancy

I have been invited to participate in several Global Advisory Boards with the aim to improve global

immunisation coverage. Previous advisory boards have included a forum to discuss improving whole

of life protection against pedussis (whooping cough) infection, improving coverage with varicella

vaccine by introduction of a combination measles, mumps, rubella, varicella vaccine and a new varicella

vaccine to prevent herpes zoster (shingles). I recently participated in an lnternational Meningococcal

Leadership Forum in Turkey to discuss the implications of the development of vaccines to cover all

serogroups causing disease in humans. I have been an invited speaker at national and international

conferences. I have been involved in several conference organising committees including a member of

the scientific committee for the Clinical Research Excellence conference held in Brisbane in October

2008 and the Public Health Association of Australia conference to be held in Adelaide in august 2010. I

recently established a Scientific Advisory Board (SAB) to provide strategic direction to VIRTU. The

SAB is composed of international expefis in paediatrics (Prof Geoff Davidson), vaccinology (Dr Peter

Richmond), infectious disease (Prof David lsaacs) and public health (Prof Philip Ryan).

Professional Activity including serv¡ce to the commun¡ty

As a researcher within a tertiary teaching hospital with university affiliation I believe that I have an

obligation to the community to provide education and understanding of current research within the

WCH and the University of Adelaide. As a clinician and authority on immunisation I also have the

responsibility to provide accurate and up{o-date information on immunisation issues to the community

and to colleagues.



Professional Activity

I am a regular reviewer for Paediatrics in Child Health, (the prominent national journal for research in

child health), Archives of Disease in Childhood (international journal in child health) and Vaccine (the

primary international journal for publication of research in vaccinology). I have been approached by

assessors to provide advice on several NHMRC grants involving projects in immunisation. Editorial

responsibilities also include annual review of the vaccines chapter of the Australian Medicines

Handbook and the Australian lmmunisation Handbook. I was an active member of the South Australian

lmmunisation Forum (SAIF) which has now been disbanded but continue in an advisory capacity to the

South Australian lmmunisation Co-ordination Unit within the South Australian Department of Health. I

am a regular attendee at the weekly Women's and Children's Hospital (WCH) medical rounds and

presenter at the WCH and Flinders Medical Centre grand rounds. As a member of the Public Health

Association of Australia (MPHAA) I regularly attend the PHAA annual conference and biannual PHAA

lmmunisation conference at which I regularly present scientific papers. I have recently chaired an

lnfluenza Symposium held in Adelaide. I have been a faculty oral assessor for entry into medicine and

dentistry since 1999 and was previously involved in the medical student mentoring program.

Community Service

Within the community I provide immunisation up-dates for general practitioners, the Child and Youth

Health Service and GP refresher weeks previously held at the WCH. I have regularly given interviews

for print/radio/TV media relating to current research in immunisation pafticularly new vaccines. These

interviews have resulted in articles in national newspapers and weekly medical papers such as

"Medical Observe/'and "Australian Docto/', I am regularly invited to present on immunisation topics at

GP education seminars held within South Australia and interstate. I was invited by the Royal Australian

College of General Practitioners to complete an up-date on immunisation for the Check program, a

monthly publication including self-assessment produced by the college. This teaching aid is based on

problem solving and self-assessment. I have been invited to give presentations on immunisation at the

Women's and Children's Hospital Public Health Seminar program and have produced a regular

newsletter for distribution within the community describing the current research activities of VIRTU. I

regularly attend school student career nights to discuss a career in medicine but more impofiantly to

raise awareness of the imporlance of research in any medical career and the role of the academic

physician. I have participated in the University of Adelaide Open Days for the Discipline of Paediatrics

where I have provided information to prospective localand interstate medicalstudents.
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SUMMARY

I am a nationally and internationally recognised innovative researcher in vaccinology and public health.

I am highly motivated with excellent organisational and communication skills and have developed

sound research ability. I have a well established publication record and have received invitations to

present my research at national and international meetings. I have the respeet of the VIRTU staff as a

fare, consistent, motivational and considerate leader. My achievements in research, teaching,

professional activities and community service as described in this document have all been achieved

within the framework of an 0.7 FTE appointment,
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