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ABSTRACT

Human Immunodeficiency Virus (HIV) transmission from bone allografts has

occuned despite screening. Bone allografts are commonly treated with 25 kGy

irradiation. This thesis examines the hypothesis that HIV infected bone allografts can be

sterilizedwith 25 kGy of gamma inadiation.

An HIV infected bone allograft model was created to simulate bone transplantation

from an acutely infected donor who eludes screening. Because of limitations with this

non-quantitative model alternative methods were examined. Further studies were done

to determine the amount of bone HIV contamination (bioburden) and to calculate the

irradiation dose-response curve for HIV.

A semi-quantitative polymerase chain reaction (PCR) technique was developed.

Bone, cartilage and blood from ten HIV infected autopsy specimens were analysed.

Bone samples demonstrated HIV DNA in all samples but the quantitative component of

the PCR analysis was unreliable. HIV infection of human cartilage was demonstrated in

9 samples. HIV infection of human cartilage has not previously been reported in vivo.

In vitro infection of human bone derived cells was examined. Human bone

derived cells were not susceptible to cell-free infection. Cells co-cultivated with HIV

infected lymphocytes vr'ere not susceptible to productive HIV infection and PCR analysis

demonstrated less than 0.1% HIV infected cells. It is possible that latent infection was

established in the bone derived cells but the bioburden of bone is not likely to exceed the

bioburden of blood.
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Human Immunodeficiency Virus was exposed to a Cobalt 60 source. The

inactivation of virus was assessed by calculation of the virus titre in a lymphocyte culture

system and confirmed with immunofluorescence. The decimal reduction value was 8.82

kGv.

The inadiation dose required to inactivate the anticipated bioburden and achieve a

sterility assurance level of 16-0 probability of virus surviving is 89 kGy. This dosage

exceeds current recommendations for radiation sterilization of bone allografts. The

hypothesis that HIV infected bone allografts can be sterilized with 25 kGy of gamma

iryadiation was not true.

The risk of transplanting untreated bone from an HIV infected donor despite

current screening techniques was calculated. The estimated risk in Australian bone

allograft banks is 2.5 per 10s living donors and2 per 107 cadaver donors.
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1 INTRODUCTIONa Ë¿\

1.1 Preface

There have been two reports of Human Immunodeficiency Virus (HIV)

transmission to bone allograft recipients (Centres for Disease Control 1988b);

(Simonds et al 1992). HIV infection in bone allograft recipients is a topical but

potentially preventable problem. Bone allograft banks try to minimize the problem

of HIV transmission by excluding HIV infected donors and by treating allograft

bones, frequently with gamma irradiation. This thesis examines the magnitude of the

problem in Australian bone allograft banks and examines the efficacy of sterilizing

bone allografts with ganìma inadiation. A priority of this research has been to

determine if virus inactivation by gamma inadiation can combine a high reduction of

virus activity with sufhcient preservation of the biological and biomechanical activity

ofbones.

HIV infection in allograft recipients is an infrequent clinical problem because

of donor screening. Viral diseases which cannot be detected and those which are

unknown may present a greater problem than HIV. The studies of HIV in this thesis

may be used as a model for other bone allograft virus infections which cannot be

examined with contemporary methods.

1.2 The Human Immunodeficiency Virus

Acquired Immune Deficiency Syndrome (AIDS) is a universally fatal disease

that is caused by infection with the Human Immunodeficiency Virus (HIV). The

virus was isolated from the lymphocytes of AIDS patients in 1983 by both Barre-

Sinoussi et al ( 1983) and by Gallo et al ( 1983).



AIDS was first described in 1981 (Gottlieb et al 1981); (Masur et al 1981);

(Siegal et al 1981). It probably originated from an animal virus among monkeys and

crossed into humans in Central Africa (Emau et al 1991); (Shibata et al 1990). HIV

spread from Africa to Haiti among guest workers in the 1970's and then to the U.S.,

Carcabean and South America among homosexual men and intravenous drug users

(Gallo 1981); (Piot et al 1988); (Crofts 1992). The World Health Organization

estimates that over 2.5 million cumulative AIDS cases had occurred since June 1993

(World Health Organization 1993).

HIV is a retrovirus which are RNA containing viruses that replicate through a

double stranded DNA intermediate using an enzyme known as reverse transcriptase.

HIV is classified as genus of the retroviridea family called lentiviruses which include

a Iarge number of different viruses that infect a diverse group of animal species

(Coffin 1992); (Haase 1986); (Levy 1986). The f,rrst lentivirus, the Equine Infectious

Anaemia Virus, was discovered in 1904 (Vallee et al 1904). Since the discovery of

HIV other lentiviruses have been discovered including the Simian Immunodeficiency

Virus (SIV) and Feline Immunodeficiency Virus (Benveniste et al 1986); (Daniel et

at 1985); (Murphey Corb et al 1986); (Pedersen et al 1987).

A second and less virulent human immunodeficiency lentivirus that causes

AIDS, and may cross react with HIV screening, was named HIV-2 and the first HIV-

1 (Clavel et al 1986). In this thesis all experiments and discussions refer only to

HIV-I and are abbreviated to 'HIV'.

1.2.1 Pathology of HIV infection

An acutely infected individual can present with a virus-like illness termed stage

I disease. (Centers for Disease Control 1936) and 40Yo will give a history of a

mononucleosis like illness (Tindall et al 1988); (Tindall et al 1991). These

2



symptoms usually last from one to three weeks followed by an asymptomatic period

of months to years (stage II disease). The asymptomatic period lasts an average of

ten years (Taylor et al 1991) but may be as long as fourteen years (Lifson et al 1991);

(Rutherford et al 1990). Clinical disease develops with persistent generalized

lymphadenopathy (stage III) and AIDS (stage IV). AIDS is subgrouped into

constitutional disease (fever, weight loss, or diarrhea), neurological disease,

secondary infectious disease (moderately indicative of a defect of cell-mediated

imrnunity), secondary cancers, and other conditions of HIV infection (suggestive of

impaired cell-mediated immunity). AIDS is universally fatal.

High titres of HIV are found in blood during the acute infection but within

weeks there is a strong cellular and humoral response to the virus with the production

of detectable anti-HIV antibodies and a marked reduction in the titre of virus (Clark

et al 1991); (Daar et al 1991). As the disease progresses to stage III and IV the

concentration of HIV in blood rises substantially. The period of time following

infection prior to the development of detectable anti-HIV antibodies is known as the

'window period'.

A major feature of AIDS is the reduction of circulating CD4+ T-lymphocytes.

This may partly explain the immune system deficits of AIDS. During the early

viraemic period there is a selective depletion of CD4+ helper T-lymphocytes. During

stage II disease the CD4+ cell numbers recover to within normal and slowly decrease

over time until clinically apparent disease and a characteristic loss of CD4+

lymphocytes.

The US Centre for Disease Control and Prevention have revised their

classifrcation system for HlV-infected adolescents and adults to include clinical

conditions associated with HIV infection and CD4+ T lymphocyte counts (Centers

for Disease Control 1992). This classification system establishes the following

a.,



subgroups for CD4+ counts; stage 1 > 500/ul, stage 2 200 - 499lul, stage 3 < 200/ul.

The revised clinical categories of HIV infection are as follows; category A

asymptomatic, acute or persistent generalized lymphadenopathy, category B

symptomatic, not (A) or (C) conditions, and category C which includes AIDS

indicator conditions. Because the contemporary epidemiological literature relating to

HIV infection mostly includes the previous classihcation (stage I to 4 disease) this

previous classification system is still widely used in clinical practice in Australia (Dr

David Shaw - personal communication). The previous classification system is used

in this thesis.

1.2.2 Cells and tissues infected with HIV

During the initial infection the lymphoid organs become HIV infected. They

provide a persistent source of virus replication (Pantaleo et al 1991); (Pantaleo et al

1993); (Embretson et al 1993). Within the lymph nodes, and perhaps other tissues,

infection may rapidly spread by cell-to-cell transfer rather than cell-free infection and

other cell types are potentially infected (Dietzschold et al 1985); (Gupta et al 1989);

(Hooks et al1976); (Pearce Pratt et al 1993). Infected cells may be actively infected

or persist in a latent state (Hoxie et al 1985); (Chapel et al 1992). These latent

infected cells are a potentially large and persistent bioburden of virus.

CD4+ helper T cells are the major target for HIV infection (Klatzmann et al

19S4). However, other cells of the haematopoetic system, particularly macrophages,

are the target cells of other lentiviruses (Haase 1986). Other haematopoetic cells

known to be infected with HIV include stem cells, monocytes, macrophages, B

lymphocytes, natural killer cells, eosinophils, thymic epithelial cells and dendritic

cells (Castro et al 1988); (Chehimi et al 1991); (Freedman et al 1991); (Numazaki et

al 1989); (Patterson et al 1987); (Sakaguchi et al 1991);(Zucker Franklin et al 1989).

4



Direct infection of other cell types is suggested by pathologic findings in HIV

infected individuals. HIV has been detected in synovial fluid and tissue of AIDS

patients (Espinoza et al 1990); (Hughes et al 1990); (Withrington et al 1987).

Fibroblasts and Langerhans cells in the skin can be HIV infected (Ikeuchi et al 1990);

(Mellert et al 1990); (Rappersberger et al 1988); (Stingl et al 1990); (Tschachler et al

I98l); (Zarnbruno et al 1991). In the brain macrophages and microglia are the major

targets of HIV infection but other cell types are HIV susceptible (Michaels et al

1988); (Price et al 1988). In the bowel HIV has been detected in mucosal cells (Gill

et aI 1992); (Heise et al l99I); (Kotlel et al 1991); (Mathijs et al 1988); (Nelson et al

1988). Cultured bowel explants and bowel carcinoma cell lines can be infected in

vitro (Adachi et al 1987b); (Bamett et al 1991); (Fantini ef al 1992); (Fantini et al

I99l); (Fleming et al 1992); (Moyer et al 1990). HIV infection of other cells has

been described including thymus, liver, kidney, heart, lung, salivary glands, prostate,

testes, adrenal and muscle (Lipshultz et aI 1990); (Cohen et al 1989); and are

reviewed by Levy ( 1993). Cells known to be susceptible to HIV infection are

summarized in Table 1.1.

In vivo observations of bone m¿urow tissue has demonstrated changes in

stromal cells including epithelial cells, reticular cells, blood cells and immature

myeloid cells (Sun et al 1989). Bone marrow may contribute to the dissemination of

HIV throughout the lymphomyeloid complex (Yoffey 1990) and haematopoietic

progenitor cells isolated from HIV positive patients have been infected (Busch et al

1990). Cells of the myeloid lineage in addition to those of lymphoid origin serve as

reservoirs for HIV but the susceptibility of bone forming cells to HIV infection is

unknown.

5



Table 1.1 Human cells susceptible to HIV infection determinedby in
vivo or in vitro studies.

Haematopoietic
stem cells
lymphocytes
megakaryocytes
promyelocytes
some epithelial and dendritic cells

Brain
some nerÍal cells
choroid plexus
capillary endothelial cells

Skin
Langerhans cells
fibroblasts

Bowel
columnar and goblet cells
enterochromaffrn cells
colon carcinoma cells

Other
adrenal carcinoma cells
cervix (? epithelium)
?chondrocy'tes
fetal adrenal cells
fetal chorionic villi
hepatic carcinoma cells
hepatic sinusoid epithelium
Kupfer cells
myocardium
osteosarcoma cells
placental trophoblast cells
prostate
pulmonary fibroblasts
renal tubular cells
retina
rhabdomyosarcoma cells
synovial membrane
testes

Adapted from Levy ( i993)

6



1.2.3 HIV infection of bone

In vitro studies of mesenchymal cells have suggested that these cells may be

susceptible to HIV infection but differ in the mechanism of virus entry compared

with haematopoietic cells such as T-lymphocytes (Mellert et al 1990); (Ikeuchi et al

1990). Chondrocytes and osteosarcoma cell lines can be infected suggesting these

cells may be potential targets for HIV in vivo and possibly contributing to the

establishment of local HIV reservoirs (Clapham et al 1983); (Ikeuchi et al 1990);

(Mellert et al 1990).

Direct cell-to-cell spread of viruses is a common mode of transmission of many

enveloped virus such as Herpes, Rhabdo viruses and retro-viruses including HIV type

I (Dietzschold et al 1985); (Gupta et al 1989); (Hooks et aI 1976). In vitro studies

have demonstrated HIV infection of cells not expressing the CD4 receptor including

neuroglial cells (Chiodi et al 1987), primary human synovial cells, chondrocytes,

foreskin fibroblasts (Mellert et al 1990); (Adachi et aI 1987a); (Tateno et al 1989),

and myeloid progenitor cells (Folks et al 1988).

HIV can be detected in bone by co-cultivation techniques (Buck et al 1990);

(Merz et al 1991); (Nyberg et al 1990) and analysis of genetic material (Roder et al

1992), but the infected cell type is yet to be identified and the virus load in bone has

not yet been determined.

Merz et al ( 1991) have examined in vitro infection of human bone pieces with

HIV and reported that bone could be infected. This observation is consistent with

findings from HIV infected patients where the virus was detected by tissue culture or

polymerase chain reaction analysis (Roder et al 1992); (Buck et al 1990); (Merz et al

l99l); (Nyberg et al 1990). It is not known whether bone cells, maffow cells, other

cells in bone, or blood contaminating the samples have been infected.
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1.2.4 HIV bioburden of blood and tissues

The temporal relation of the HIV bioburden in serum of infected patients is

well described. Virus titration methods (TCID5g) have demonstrated the virus

bioburden in serum is at a maximum during the initial period prior to antibody

formation (window period) and again when the patient becomes symptomatic. The

in vitro titre of serum is maximally 104 TCID5s/ml during the window period and

falls to 1-2 TCIDs'/ml during asymptomatic antibody positive infection (Daar et al

1991). Ho et al( 1989) reported a mean serum titre of 30 TCID56/ml for

asymptomatic patients and 3500 TCID5s/ml for acquired immunodeficiency

syndrome (AIDS) patients.

Virus infected cells in blood are in greater concentration than free infectious

virus. The average free virus in asymptomatic individuals is 100 TCID56iml (Ho et al

19S9); (Pan et aI 1993). The number of virus-infected cells is approximately one per

103 peripheral blood mononuclear cells (Bagasra et aI 1992); (Brinchmann et al

1991); (Harper et al 1986); (Hsia et al l99I); (Psallidopoulos et al 1989);

(Schmidtmayerova et al 1992); (Schnittman et al 1989). There arc at least 5 x 106

leukocytes per milliliter of blood which means approximately 5 x 103 infected cells

per milliliter of blood are HIV infected'

Massive infection of tissues in HIV infected patients has been identified in the

lymphoid system (Embretson et al 1993) and brain (Pang et al 1990a). The HIV

bioburden in bone from HIV infected patients is unknown and is explored in this

thesis.

L.3 Indications and complications of bone allografts

. 
Transplantation of bone allografts has an established role in orthopaedic

surgery. Where there are centralized tissue banks, bone is the most frequently
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transplanted allograft apart from blood and blood products. In 1989 there was an

estimated 200,000 bone allograft recipients in the United States (Kately 1987) and

6,000 allografts performed in German surgical clinics (Knaepler et al 1990).

Although it has been suggested that the most frequently transplanted tissue in

Australia is cornea (Chapman 1992) a review of the South Australian Bone Bank as

part of this thesis indicated that bone was the most frequently transplanted allograft

excluding blood and blood products.

There are many indications for bone allografts and there are several types of

allograft bone (Table 1.2). The allografts have differing mechanical and biological

characteristics. Satisfactory results have been reported with cancellous allografts and

morsellized grafts in contained acetabular defects (Hanis et al 1988); (Hirst et al

1987); (Tranick et al 1986) and spinal fusion (McCarthy et al 1986). Successful

structural grafts have been used for proximal femoral revision hip arthroplasty

(Oakeshott et aI 1987); (Oakeshott et aI 1987); (Jofe et al 1988) and massive

allografts following tumour resection (Gitelis et al 1988); (Mankin et al 1983);

(Enneking et al 1980); (Enneking et al 1991).

The clinical success of a bone graft ultimately depends upon its ability to

provide mechanical support for the skeleton. It is believed that bone allografts have

some biological activity which gives them an advantage over inorganic materials

because they have the potential for replacement and integration with the host (Prolo

et al 1985); (Goldberg et al 1987). Bone grafts have two major functions: enhancing

osteogenesis and providing mechanical support (Goldberg et al t992).
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Table 1.2 Types of bone allografts

structural allografts

massive structural grafts

small structural grafts (corticocancellous)

strut grafts

non structural allografts

morsellized grafu

Massive structural allografts are different to small structural grafts and

morsellized bone. They are the least biologically active and replacement of the donor

bone may be incomplete over prolonged time periods. Enneking and Mindell ( 1991)

described only 20Yo replacement of massive allografts by five years but effective

attachment of soft tissues with some new bone on the graft surface.

Cancellous allografts are used to provide filler material for cavitary skeletal

defects, to augment the quantity of autograft bone and to provide a buttress for

skeletal structures (Czitrom 1992). They are not indicated in situations requiring the

stimulation of osteogenesis such as non-unions and arthrodesis (Czitrom et al 1988).

Cancellous allograft bone is increasingly being used as an alternative to structural

cortical bone since the development of impaction grafting techniques (Gie et al

1993); (Sloof et aI 1982)

Cortical grafts and corticocancellous grafts may be used for mechanical support

immediately after grafting. However, the continued structural integrity of the graft

depends upon the interaction of the mechanical environment and the biological

response. Cancellous allografts are usually completely resorbed and replaced by new

bone but massive cortical grafts may never be completely resorbed and remain a
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mixture of necrotic graft bone and viable host bone (Goldberg et al 1987). Allograft

cortical bone has a reduced biological effect, ingrowing host vessels become

occluded and degenerate (Goldberg et aI 1987). There could be an advantage to the

impaired biological response as resorption of autograft cortical bone results in a 40 -

50o/o decrease in structural strength (Burchardt et al1975).

Allografts implanted adjacent to host bone appear to cause bone to react by

vascular invasion and gradual replacement of the graft with simultaneous destruction

of dead bone and synthesis of new bone (Friedlaender 1987b). The replacement of

allograft bone by resorption and replacement is termed osteoconduction. In

osteoconduction, the bone graft serves as a scaffold for the ingrowth of new host

bone (Burwell 1961). Osteoconduction occurs in humans but is not confined to

bone; it occurs with xenografts, glass tubes, ceramics and plastics (Salama 1983);

(Urist 1980); (Ohgushi et al 1989); (Bieniek et al 1991).

Autologous bone transplants will induce new bone formation but few if any of

the cells of an autograft remain viable (Heslop et al 1960). Autograft bone appears to

induce bone formation by some humoral process, which may involve chemical

mediators as suggested by Urist et al ( 1965); 1980); 1979). The formation of new

bone in response to bone allografts is called osteoinduction. Osteoinduction is the

recruitment from the surrounding host bed of pluripotential cells that differentiate

into bone-forming cells (Reddi et al 1987).

The role of osteoinduction in humans is uncertain. Demineralized human bone

allografts and human bone extracts will induce bone formation in rats (Aspenberg et

al 1989); (Sampath et al 1983). Bone induction occurs when treated allograft bone is

transplanted into baboon muscle (Ripamonti 1991). However, allograft bone and

demineralised allograft bone transplanted into dogs and primates does not induce

new bone formation (Aspenberg et al 1988); (Schwarz et al I99I).
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1.3.1 Complications of allograft surgery.

Complications of bone allograft surgery that may be directly attributable to the

allograft include stress fractures of large cortical grafts, delayed-union and non-union

at the host-graft junction, graft resorption and infection.

Stress fractures are reported frequently when large unsupported diaphyseal

grafts are used but they usually heal with non-operative management such as external

splinting (Enneking et al 1980). This complication rarely jeopardizes the long term

outcome of the grafting procedure.

Non-union and delayed union may have a less satisfactory outcome and may

require additional surgery such as autologous bone grafting. Non-union occurs in

33o/o to 50Yo of grafts greater thart 7.5 cm but the long term outcome is usually

favorable with retention of the graft in most instances (Regel et al 1992); (Enneking

et al 1980).

Graft resorption is seen frequently in non-weight bearing grafts such as the

lateral component of acetabular shelf grafts (Gerber et al 1986); (Sanzen et al 1988).

Some graft resorption is part of the normal repair response, which is characterized by

resorption followed by graft replacement (Friedlaender 1987b). Allografts induce an

immunological response in the host but this rarely leads to rapid graft resorption that

compromises the clinical result (Friedlaender 1983). It is believed that pretreatment

of the graft by freezing or sterilization lessens the immunological response

(Friedlaender 1984); (Pellet et al 1983) in contrast to earlier work by Langer et al (

1975) who questioned the alteration of immunogenicity by freezing the graft.
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Infection is the major cause of graft failure and may extract a high cost to the

patient. In Mankin's early series ( 1983) I4Yo of patients had an infection of which

360/o led to amputation, 29Yo required graft removal and only one of the fourteen

patients who had an infection had a good result.

Graft infection was found in four to twelve percent of patients in the reported

series and has been described in detail (Regel et al1992); (Loty et al 1990); (Mankin

et al 1983); (Zasacki 1991); (Hernigou et al 1991); (Lord et al 1988); (Tomford et al

1990). Lord et a/ ( 1988) analyzed 283 patients who had a massive allograft and

attempted to identiff factors that may contribute to infection. They were able to

demonstrate a correlation between postoperative infection and more extensive

surgely, adjturctive radiation, chemotherapy, local wound related problems or

multiple operations. However, thirty percent of patients did not have any co-morbid

or predisposing factors that could be correlated with an increased risk of infection.

A lower infection rate has been reported by authors utilizing smaller grafts

(Zasacki 1991); (Regel et al 1992), which may support the hypothesis of more

extensive surgery being associated with an increased infection rate. Other graft

related factors may contribute to infection because the infection rate following

massive allograft surgery is more than other operative procedures within the same

reconstructive surgery units (Lord et al 1988).

Infection from a contaminated bone graft has rarely been reported where the

causative organism has been isolated from either the transplanted bone or

retrospectively found in samples taken from the donor (Tomford et al 1990);

(Tomford et al 1981); (Lord et al 1988). For the majority of allograft infections there

is no proven association with graft contamination. It has been suggested that some

allograft infections could be due to contamination not detected by routine

microbiological methods (Gristina et al 1985). This suggests a need to sterilize all
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bone allografts to prevent bacterial infection. The theoretical need to sterilize bone

allografts is not supported by clinical results from the Boston bone allograft bank

(Tomford et al 1990) . This allograft bank does not use secondary sterilization and

has an infection rate similar to that of banks that routinely sterilize all allografts.

1.3.2 Human Immunodeficiency Virus infection in allograft

recipients

Donor to recipient transmission of viruses can be demonstrated with almost

certainty when there is a low incidence of pre-morbid exposure to the virus and other

factors such as pre-operative blood transfusion have been excluded. Transmission of

human immunodeficiency virus (HIV) following bone transplantation has been

proven on two occasions. The first case was reported in 1988 following

transplantation of a femoral allograft to a woman undergoing an elective spinal

fusion prior to the licensing of HIV antibody screening tests (Centres for Disease

Control 1988b). The donor subsequently developed lymphadenopathy and died as a

result of his HIV infection, the patient also developed a proven HIV infection and

died as a result.

The second report of HIV infection from bone transplantation described the

case of a donor who had three unprocessed bone segments and three organs

transplanted with subsequent HIV infection in the six recipients (Simonds et al

1992). The donor was HIV antibody negative but was confirmed to have HIV

infection retrospectively by nucleic acid analysis of his stored blood and tissue.

Recipients of treated bone and other tissues from this same donor escaped infection.

These tissues included 25 ethanol treated bones, one marrow-evacuated fresh frozen

bone, two untreated corneas, three lyophylized soft tissues and three irradiated dura

allografts (30 - 34 kcy).
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HIV donor to host transmission is well documented in many tissues including

blood, kidney, cardiac, pancreas and bone marrow transplants (Dummer et al 1989);

(Schwarz et al 1987); (Rubin et al 1988); (Irani et al 1991); (Carbone et al 1988);

(Kumar et al 1987); (Rubin et al 1987); (Neumayer et al 1987). Recipient HIV

infection has also resulted from transplantation of HIV infected blood and solid

allografts from donors that have screened negative for HIV antibodies (Irani et al

1991); (Quarto et al 1989); (Bowen et al 1988); (Centers for Disease Control 1987b);

(Centers for Disease Control 1987c).

1.3.3 Hepatitis virus

There have been no confirmed reports of Hepatitis B virus infection in a bone

graft recipient. Shutkin ( 1954) reported a case of postoperative jaundice which was

suggestive of acute hepatitis following bone allograft surgery. The aetiology of this

postoperative hepatitis remains unknown. Other factors such as blood transfusion

andlor inhalational anaesthesia are also possible explanations.

Only one case of allograft Hepatitis B transmission is recorded in the literature,

Berry et al ( 1987) reported a case of acute Hepatitis B infection in a woman

following artificial insemination from a donor subsequently found to be Hepatitis B

surface antigen positive. At that time screening of semen donors for Hepatitis B

virus infection was not the standard practice and it is infened that the donor was not

tested prior to semen collection.

Since the introduction of donor interview and laboratory screening the risk of

blood transfusion transmitted hepatitis B is extremely low (Wylie 1993).

Hepatitis C virus infection from a bone allograft has been documented ln one

case by Egan and Nordbo ( 1992). They described Hepatitis C infection from a
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femoral head allograft donor to an allograft/total hip replacement recipient.

Transmission of Hepatitis C virus is documented in blood products and organ donors

(Pereira et al 1991). Routine screening for Hepatitis C virus was recommended in

1991 (Ho 1991) and has been adopted by most blood and tissue banks.

Since the introduction of hepatitis C testing the risk from blood transfusion was

thought to be so low it could not be established (Wylie 1993). This conclusion is not

correct. Conrad et al ( 1995) reported hepatitis C infection in seven bone and tissue

allograft recipients including two with sequence identity to donor isolates conf,rming

the source of infection. The recipients had received allografts from first-generation

hepatitis C antibody-negative donors.

During the last two decades hepatitis C, D, and E virus have been discovered

and there is evidence for at least two additional viruses (Purcell 1994); (Bowden et al

1996). Bone and blood banks screen for hepatitis C but not for these newer hepatitis

viruses. Transfusion or allograft related infection has not been reported from the

newer hepatitis viruses (Wylie 1993).

1.3.4 Other viruses

Rapidly progressive dementia possibly from Creutzfeldt-Jakob disease has

occurred in a bone allograft recipient from a donor who had received human pituitary

derived growth factor (Musclow 1992). Creutzfeldt-Jakob disease has been

implicated in cadaveric dura transplantation (Centers for Disease Control 1987a);

(Centres for Disease Control. l9S9); (Thadani et al 1988); (Centres for Disease

Control. I9S7) and cornea transplantation (Duffu et al 1974). The estimated risk of

Creutzfeldt-Jakob disease in cadaver pituitary growth hormone recipients is 1/300

(Billette de Villemeur et al 1992). Creutzfeldt-Jakob disease transmission from
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pituitary-derived gonadotropins has recently been reported (Cochius et al 1990);

(Cochius et aI1992).

Creutzfeldt-Jakob disease can be transmitted during sugery suggesting blood

as a vector (Masters et al 1978) and it has been found widely disseminated in animal

and human tissues including liver, kidney and lung but there are no reports of its

relation to bone (Asher et aI1976); (Gajdusek et aI1977).

As a consequence of Creutzfeldt-Jakob disease transmission cadaveric growth

hormone replacement has been replaced by recombinant DNA growth hormone (Ellis

et al1992). Scientists may be charged by criminal law following a cadaver growth

hormone related Creutzfeldt-Jakob disease outbreak (Balter 1993). Because of these

concefits the use of imported dura allografts are banned in Australia.

Cytomegalovirus (CMV) can be transmitted from sero-positive donors to

recipients of heart, kidney and bone marrow despite previous immunity to the virus

(Gottesdiener 1989). Cyomegalovirus infection is a frequent life threatening

complication of solid organ recipients due to their postoperative immunosuppression

(Betts 1982). The frequency of CMV in the general community has made it difficult

to establish a causal relationship between recipient infection and transplantation.

There afe no reported cases of CMV infection arising from bone allografts.

Herpes virus transmission appears to be rare (Gottesdiener 1989). There has

been one case report that described infection in two immunosuppressed recipients of

a kidney transplant from the same donor (Dummer et al 1987). Epstein-Barr virus

transmission has been reported following bone m¿ilrow transplantation with

subsequent development of a carcinoma (Schubach et al 1982). It has not been

reported in a solid organ or bone allograft recipient.
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I.4 Bone Allograft Screening

Donor demographic data and medical history remain the most important factors

to decrease the risk of donor to host virus transmission (Buck et al 1989). Bone

allograft banks aim to exclude donors at risk of HIV and hepatitis transmission,

neurological slow virus transmission, current or previous malignancies, and other

conditions of unproven aetiology such as connective tissue disorders, diabetes and

Pagets disease.

Allograft banks also test serum for transmissible viruses. Screening for HIV

and hepatitis in Australian bone banks was introduced in 1985 and Hepatitis C

antibody screening was introduced in May 1990. Protracted licensing procedures in

the USA delayed the introduction of routine HIV screening and will slow the

introduction of Hepatitis C antibody screening (Gowans 1992).

Creutzfeldt-Jakob disease is not routinely tested for in any of the major bone

banks which are members of either the American Association of Tissue Banks or the

European Association of Tissue Banks þersonal communication). Some bone

allograft banks have started screening for Creutzfeldt-Jakob disease in cadaveric

bone with brain biopsies. Hepatitis D, E, and F are not excluded by serum screening.

For an infected donor to go unrecognized the sociomedical screening and

serum screening methods would have to fail. Early in the course of infection with

HIV a potential donor is HlV-infected but antibody-negative and this period is called

the'window period'. The problem of not detecting an HIV infected donor (Figure 1'1,

Table 1.3) relates to the detection of asymptomatic donors that are either antibody

test failures or in the window period. Screening live and cadaver donors differs in

the screening tests available and with the prevalence of the donor population.
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All donors are screened (Figure 1.1) by social screening and surrogate tests. To

remain undetected, live donors must fail either the antibody test or the be in the

window period. The window period risk is reduced by quarantine. Cadaver donors

are additionally screened by autopsy and organ recipient reporting, but are not

subjected to graft quarantine.

donor
HIV

prevalence

soc¡al screen¡ng

surrogate tests

antibody
failure

o!'gan recip¡ents

autopsy qua ne

window
per¡od

graft HIV risk

X'igure 1.1 Risk of HIV infection from allograft bone. The risk is determined

by the donor prevalence of HIV multiplied by the probability of screening test failure.

1.4.1 Social screening

Bone allograft banks screen donors for risk factors of transmissible disease

including HIV (American Association of Tissue Banks 1989). Ninety fìve percent of

new Australian HIV infections had an exposure category that would exclude them

from bone donation and 5%o were from unspecified heterosexual contact Q'{ational

Centre in HIV Epidemiology and Clinical Research. 1994). Retrospective reviews of

HIV infected but antibody-negative blood donors demonstrated risk factors in six of

seven cases (Ward et al 1988a). In the United States of America 77o/o of male
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antibody-positive blood donors and 44Yo of female antibody-positive blood donors

(Ward et al 1988b) had risk factors. In Australia, 19 of Australia's 46 antibody-

positive blood donors reported no known or potential exposure to HIV other than

heterosexual contact (Kaldor et al 1991)'

The majority of donors that are HIV infected have risk factors which should be

identified by sociomedical screening. The likelihood of missing risk factors, from a

potential donor, has been estimated as one in twenty (Buck et al 1989).

1.4.2 Surrogate tests

HIV risk factors are also common to other transmissible diseases which are part

of routine bank screening including syphilis, Hepatitis B and C. Approximately 25%o

of American blood donors with HIV antibodies had a second reason for exclusion

(Buck et al 1989). The recent development of Hepatitis C antibody screening is

estimated to reduce the HIV risk by one third (Le Pont et al 1990).

1.4.3 Cadaver autopsy

Cadaveric bone and organ donors are autopsied and there is the potential to

identifu histological changes of HIV that compliment serum screening tests.

Following the appearance of HIV antibody, morphologic changes of HIV can be

identified (Murchadha et al 1987) but clinically evident lymphadenopathy and fever

precedes antibody production during the acute phase of the infection (Daar et al

l99l); (Clark et al 1991); (Cooper et al 1985). The estimated sensitivity of detecting

acutely HIV infected donors by autopsy is 12.5%o (Buck et al 1989). Buck et al (

1989) recommended a lymph node biopsy which was calculated to have an additional

sensitivity of 0.5 but the lymph node biopsy is not included in recommended

screening tests for bone and tissue banks (La Prairie et al 1991).
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1.4.4 Organ recipient infection

Cadaveric bone donation comes from two sources; multi-organ donors or

recently dead non-organ harvests. Bone from multi-organ donors is usually used

several months after harvesting and during this time the donated organs will have

been transplanted to immunosuppressed recipients. The organ recipients become a

biological test for the HIV virus. Immunosuppressed organ recipients who have

inadvertently received HIV contaminated allografts have developed HIV related

illnesses quickly and are usually readily identifiable (L'Age-Stehr J. et al 1985);

(Schwarz et al 1987). Allowing for the logistics of detection of HIV infection in the

recipient and reporting back to the organ donation program the estimated sensitivity

of this test is 0.5 (Buck et al 1989).

1.4.5 HIV testing

The detection of antibody depends upon both the production of antibody by the

host and the sensitivity of detection methods. HIV produces a classic immunological

lesponse with the production of IgM followed by IgG anti-HIV antibodies. The

effectiveness of screening is dependent upon the sensitivity of the IgG antibody test

which is 99.4lYo (Dax.E 1992) to 99.69Yo (Dax et al 1992). It is unlikely that the

HIV antibody screening tests will be improved although incorporating anti-HIV IgM

antibody tests may include weakly reactive IgM antibody responses and may

antecede IgG in some cases (Epstein 1991).

The addition of an HIV antigen test remains controversial. Early events of

acute HIV infection are associated with the release of HIV antigens including the p24

antigen which can be detected by commercially available licensed tests. A case of

HIV transmission from antigen-positive antibody-negative blood has been reported

(Irani et al 1991). Stramer et al ( 1989) screened 35,000 plasma donors and

identified two antigen-positive antibody-negative donors. However, the peak
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viraemic period may only be several days (Stramer et al 1989) and applying this

technology to allograft donors has been disappointing. Large numbers of blood

donations, including those from HIV endemic areas, have been screened with the p24

antigen assay but antigen-positive antibody-negative donors were not detected

(Baecker et al 1988); (Alter et al 1990); (Busch et al 1990).

HIV antigen testing is only in clinical application in Thailand which is an area

of extreme risk. However, only one antigen positive but seronegative donor has been

detected by this method (Chiewslip et al 1991).

The polymerase chain reaction method has identified infection in antibody-

negative high risk patients (Pezzella et al 1989); (Redheld et al 1988); (Daar et al

1991); (Clark et al 1991); (Imagawa et al 1989); (Laure et al 1988) and it has been

suggested that this technology can be applied to the detection of seronegative at risk

individuals (Cassol et al 1991) or as a routine screening test (Loche et al 1988). In

the future it may be possible to apply the polymerase chain reaction to dried blood

spots for diagnostic purposes (Cassol et al 1991). At the moment however, using

PCR for diagnosis is only possible in sophisticated reference laboratories, the results

of which must still be viewed with caution (Dax.E 1992); (Sheppard et al 1991).

1.4.6 Window period

During the window period HIV infection in donors will not be detected by HIV

antibody screening. The acute hyperviraemic phase of HIV infection disappears with

the production of detectable antibodies (Daar et al 1991); (Clark et al 1991); (L'Age-

Stehr J. et al 1985). There have been reports of patients remaining seronegative for

prolonged periods (Ranki et al 1987); (Horsburgh, Jr. et al 1989) but this pattern of

disease appears unusual with the vast majority of patients seroconverting within a

short period of time. First generation antibody tests detected most donors within nine
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months (Goudsmit et al 1986); (Gaines 1989); (Albert et al 1987) however more

recent tests have reduced the window period to three to six weeks (Haseltine 1988);

(Redfield et al 1988); (Gaines et al 1990). Dax et al ( 1992) calculated the window

period, of four weeks in atenyear infection (Taylor et al 1991), to be 0.8% of the

time course of infection.

The window period estimate is validated by observation of areas with a high

background prevalence of HIV infection. In the Bangkok area222,611 units of blood

were transfused in 1990 (National Blood Centre 1990) from which the anti-HIV rate

in previously untested male donors is approximately one in 140 (Chiewslip et al

1991); on this basis an estimated 1,590 HIV positive patients should be encountered.

If 0.8% of HIV infected donors are seronegative at the time of donation it is expected

that 13 HIV positive seronegative donors would be present. Three cases of HIV

transmission from seronegative blood components were reported (Chiewslip et al

1991) which is consistent with the estimated figure of 13 cases'

1.4.7 Graft quarantine

To reduce the chance of not detecting an HIV infected donor in the window

period it is recommended that grafts from living donors undergo a quarantine period

with an HIV antibody test 90 to 180 days following harvesting (La Prairie et al

1991); (American Association of Tissue Banks 1989); (Chateauvert et al 1990).

These recommendations now apply to Australia (Australian National Council on

AIDS 1990). By providing a quarantine of 12 or more weeks before testing for HIV

antibody the estimated potential to detect seronegative donors is 99% (Centres for

Disease Control. 1 988a).
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Table 1.3 Estimated value of bone allograft screening tests.

Screening Procedure Sensitivity (7o)

social screening

surrogate tests

autopsy

organ recipients

antibody test **

quarantine

95

J3

t2.5

50

99.55

99

**Antibody sensitivity is the average of reported IgG anti-HIV antibody

sensitivities.

1.5 AllograftSterilization

The risk of virus transmission from bone allografts has not been completely

eliminated by donor screening and methods of virus inactivation are frequently

employed. In contrast to organ transplantation, bone allografts are preferentially non

viable at the time of grafting, and banking methods for these grafts are not dependent

on preservation of living cells. Sterilization methods have included both chemical

and physical methods including ionizing radiation. In addition, at the time of the

allograft surgery chemicals such as ethanol or Povidone-iodine are frequently used to

thaw frozen bone allografts and to inactivate bacteria surface contamination.

Sterilization of allografts may reduce the chance of HIV infection if an infected

graft escaped screening procedures. The efficacy of bone HIV sterilization remains

unknown (Campbell et al 1994). HIV infected tissue has been transplanted from

bone and tissue that was sterilized without recipient infection (Simonds et aI 1992),

suggesting sterilization may have reduced graft HIV infectivity. However, the

infectivity of HIV infected bone allografts is unknown and it cannot be assumed that
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the absence of HIV infection in recipients of treated bone can be entirely related to

the graft treatment. Most recipients of HIV infected blood transfusions will become

infected (V/ard et al 1989). However other organs have been donated without

subsequent infection, including kidneys (Kerman et al 1987); (Dummer et al 1989)

and corneas (Pepose ef al 1987); (Schwarz et aI 1987), suggesting this route is

perhaps less infective than receiving infected blood.

1.5.1 Virus inactivation by chemicals

HIV is an enveloped virus with a lipoprotein coating which makes it vulnerable

to inactivation by organic solvents and many chemical disinfectants. Other viruses

that do not have a lipid coating such as Hepatitis B virus are inactivated only by

powerful disinfectants such as chlorine and aldehydes. The effectiveness of chemical

processing and sterilization of HIV with chemicals has been reviewed by several

authors (Asselmeier et al 1993); (Prince et al 1987); (Angermann et al 1991).

Alcohols are effective germicidal agents andT\Yo ethanol reduces HIV titres by

more than 7 lo916 TCID5s/ml within one minute (Resnick et al 1986); (Quinnan et al

1936). The expected inactivation with a2-I0 minute ethanol treatment may be as

high as 18 1o916 reductions (Martin et al 1985). Ethanol fractionation is frequently

used during the preparation of immunoglobulins and has been extensively

researched, during the ethanol fractionation of plasma the process efficiency may

inactivate 15 lo916 infectious titres (Wells et al 1986).

Alkylating agents including formaldehyde and ethylene oxide effectively

inactivate HIY in vitro. Organic mercurial antiseptics and hydrochloric acid are also

effective in vitro but are in limited clinical usage. Povidone-iodine and

chlorhexidine formulations are frequently used as surface active agents and both

efficiently inactivate HIY in vitro (Kap\an et al 1987): (Montehori et al 1990).
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1.5.1.1 Problems of chemical sterilization methods

Alcohols are currently used to treat bone allografts (Tuli et al 1988) but there

are concerns regarding the efhciency of chemicals to inactivate HIV. Alcohols are

effective germicidal agents in vitro but their virucidal activity is variable and

impaired in the presence of proteins. Hansen et al ( 1989) examined the efficiency of

gluteraldehyde and alcohols with clinically relevant conditions and realistic contact

periods. Dried HIV in the absence of additional serum or organic material was not

inactivated by 70% ethanol or industrial metþlated spirit exposure for 20 minutes.

Dahners and Hoyle ( 1989) examined ethanol sterilization of bacteria

contaminated bone for four and eight hours. They found all samples were sterile at

eight hours but 10 - 20% were not sterile after a four hour exposure. Knaepeler et al

( 1992) have reported the failure of ethanol sterilization of HIV contaminated bone.

They perfused 70Vo ethanol through a 3mm and 6mm slice of HIV spiked human

cancellous bone for 24 hours and found HIV was not inactivated. Gas

chromatography measurements of ethanol diffirsion through the bone samples

showed 70Yo ethanol achieved a concentration of only 26Yo with the 3mm bone

sample and l8o/o with the 6mm sample. Dilution of alcohols and the fixative

properties of alcohols both interfere with their action as disinfectants (Sattar et al

1e91).

Etþlene oxide treated bone has been successfully used for many years

(Cloward 1980). This is despite the observation that ethylene oxide exposure

destroys the osteoinduction properties of bone transplantation in rats (Munting et al

1988); (Aspenberg et al 1990). Ethylene oxide treatment has been associated with

recipient morbidity and chemical breakdown products (ethylene chlorohydrin) have

been implicated (Jackson et al 1990). Other agents which are effective against HIV
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have been precluded because of the potential for recipient morbidity. Alkylating

agents such as formaldehyde and glutaraldehyde are effective in vitro but are not

widely used because of this problem (Angermann et al 1991). Merthiolate and Cialit

are organic mercurial antiseptics which have been used to treat bone allografts and

are effective against HIY in vitro (Wílmes et al 1987) but their use for treating bone

allografts has been discontinued because of their potential toxicity (Tomford et al

I e83).

Detergents and surface active antiseptics including povidone-idoione and

chlorhexidine are effective at inactivating HIV in vitro but their effectiveness in the

presence of organic contaminants and safety of the host after long term graft storage

has not been examined.

Various sterilizing methods were examined by Withrow ( 1990) using an

animal retro-virus model. The feline leukemia virus is a retro-virus similar to HIV

and these authors examined bone from infected cats that had been treated with

chemical and physical methods. Infectious virus was retrieved from all bones

exposed to ethylene oxide or demineralized with hydrochloric acid. All cats were

heavily infected with virus and the biological amplification method to assess the

presence of virus was very sensitive. However, the implication is that standard

methods of chemical sterilization of bone do not inactivate the feline leukemia virus

and correlation to HIV may be implied.

1.5.2 Virus inactivation by physical methods

Physical methods of graft treatment are coÍrmonly used for storing and

decontaminating bone allografts; ionizing irradiation with gamma rays or electrons

are the most common form of secondary sterilization used by bone banks. Heat and

autoclaving have been reported, but are not in common use outside of Europe.
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Physical methods of graft treatment have an advantage because the treatment is

not inactivated by organic materials such as serum or bone (although the medium,

state of hydration and temperature will affect the efficiency of the sterilization

process). Furthermore physical methods do not expose the recipient to potential

toxicity from chemical sterilising agents or their breakdown products.

1.5.2.1 Sterility assurance level

The inactivation of viruses by inadiation and other physical methods follows

exponential law and inevitably this means that there is always a finite probability that

an organism may survive regardless of the dose delivered. For a given dose the

probability of survival is determined by the number of organisms being inadiated and

environment in which the organisms exist during inadiation. The sterility of an item

is not absolute but can be defined in terms of the probability of existence of a single

non sterile item. The value of this probability is the sterility assurance level achieved

by the sterilization process (International Atomic Energy Agency 1990).

The sterility assurance level is arbitrarily determined but in most countrtes a

sterility assurance level of 10-6 is apptied in the sterilization of medical products

(International Atomic Energy Agency 1990); (Gaughran 1985). The sterilising dose

to prevent bacterial contamination has been approximated to six or eight times the

D1s value as a practical standard for sterilization (Christensen et al1982). The D-6

values for Bacillus pumilus, strain E60l is commonly used as a reference strain for

radiation sterilization of medical devices (International Organization for

Standardization. 1993). Other bacillus and non spore forming bacteria have a similar

radiation dose response curve and the D-6 or D-8 value is 10 - 30 kGy (Kristensen et

al 1981); (Gardiner et al 1986). It may be reasonable to accept aD-6 or D-8 value for

bacteria because the potential survival of a limited number of organisms may not lead
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to the catastrophic sequel that could occur with the transmission of lethal viruses

such as HIV, Hepatitis and slow viruses. The bioburden for bacteria may be

calculated as the concentration of infectious agent per milliliter but it is more correct

to determine the total number of organisms that may be contaminating the entire item

(Internation al Or ganization for Standardization. I 9 93).

1.5.3 Sterilization of bone allografts by irradiation

Initial reports of HIV inactivation by inadiation suggested the virus was

uniquely radio-sensitive and as little as 0.25 - 2.5 kGy may be required to inactivate

HIV (Bigee 1988); (Spire et al 1985). These reports have led to the belief that

sterilising bone grafts with irradiation would eliminate the risk of recipient HIV

infection and reports as recent as 1992 have suggested there may be no risk of HIV or

Hepatitis transmission from inadiated bone allografts (Ferrante et al 1992).

Bone allograft banks commonly sterilize frozen bone by irradiation and 15 - 25

kGray is frequently used. Industry guidelines that do not directly relate to bone

allografts have suggested bone banks use 25 kGy (Van Winkle, Jr. et al 1967) or

calculate the sterility assurance level of inadiated bone (International Organization

for Standardization. 1993); (Gaughran 1985). In vitro inadiation of virus inoculated

bone with 15 kGy caused HIV inactivation (Knaepler et al1992) but this observation

has not been confirmed by others who have suggested 25 kGy may not be sufficient

to sterilize frozen bone (Conway et al 1990); (Campbell et al 1994).

Withrow et al ( 1990) examined the feline leukemia virus model described

previously with various treatments including inadiation with 29kGy. Irradiation

delayed but did not prevent virus infection of the recipient cats. Fideler et al ( 1994)

have examined gamma inadiation sterilized patella ligament-bone grafts from HIV

infected donors with the polymerase chain reaction method. They found doses of 20
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or 25 kGy did not destroy the genes of HIV but the DNA was not detectable in grafts

treated with 30 or 40 kGy of gamma irradiation. The amount of inadiation required

to inactivate the virus that may reside in HIV infected bones remains uncertain and

the dose required to achieve a satisfactory sterility assurance level has not been

addressed.

Inactivation of viruses is known to occur as a first order reaction and the

virucidal effectiveness of gamma irradiation is directly related to the genome size of

RNA viruses (Ginoza 1963). It should be possible to determine the initial

contamination level (bioburden) and calculate the decimal reduction value (Dro -

value) to determine the amount of inadiation required to achieve the sterilization

assurance level. The sterilising dose of most bacteria clinically relevant to

contaminated bone allografts are inactivated by 10 - 30 kGy using an inactivation

factor of 10 
I (eight D,o - values) (Gardiner et al 1936); (Kristensen et al 1981). The

D,o-values of many viruses range from 3.9 - 5.3 kGray (Sullivan et al l97l) but some

very small viruses such as poliomyelitis and those associated with the Creutzfeldt-

Jakob disease are highly resistant (Gardiner et al 1986); (Gibbs et al 1978)'

Unlike chemical agents gamma inadiation and heat treatment are not

dependent on physical contact. It is therefore possible to determine the dose related

effectiveness of these sterilising agents. The constant nature of thermal treatment

and inadiation inactivation of viruses makes it is possible to calculate the dose-

response relationships (Gardiner et al 1986).

If the virus bioburden of an infected bone allograft is known, it should be

possible to calculate the dose required to achieve a certain probability of the virus

surviving the treatment.
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1.5.4 Effects of irradiation on allograft biology

Although very high sterilising doses would seem desirable to ensure maximum

sterility, increasing the radiation dose is deleterious to the biological and structural

integrity of allograft bone. Fresh bone elicits an immune response when transplanted

to an unmatched recipient and most authors report that this response is diminished by

freezing and freeze drying (Burwell et al 1985). It has also been reported that low

levels of irradiation further diminished this response (Friedlaender 1984). It may be

that the clinical success of bone allografts is partially attributable to the reduced

immune response and low dose inadiation may confer some biological advantages to

the healing and incorporation of allografts.

Pellet et al ( 1983) examined the alteration in immunologic response using a rat

alloglaft model and observed enhanced graft incorporation with low dose irradiation

up to 10 kGy but this effect is negated when combined with freeze drying or when

doses of 50 - 75 kGy are used. Pelker et al ( 1989) used a similar model to evaluate

the effect of low dose inadiation on frozen bone allografts and did not demonstrate

an advantageous biologic response in graft incorporation as measured by torsional

strength.

The biological activity of bone grafts in humans is poorly defined and may

relate to the osteoinductive or osteoconductive activity of bone (chapter 1.3). The

osteoinductive capacity of bone is significantly reduced when lyophylized bone

extracts are irradiated by more than 30 kGy at room temperature (Munting et al

1988); (Schwarz et al 1988); (Buring et al 1967). Dziedzic Goclawska ( 1991)

reported similar findings with complete resorption of allografts that were lyophylized

and irradiated at room temperature but they observed no difference from non-

irradiated control samples when frozen allografts were irradiated with 35 - 50 kGy.

Pellet et al ( 1983) observed incomplete healing with frozen rat segmental femoral

allografts that had been irradiated with 50 and 75 kGy. There was incomplete
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healing in some grafts inadiated with one and l0 kGy but their small sample size

precludes an accurate opinion regarding the lesser doses.

1.5.5 Effect of irradiation on allograft biomechanics

The effects of irradiation sterilization upon the biomechanical properties of

allograft bone have been reviewed (Bright et al 1983); (Pelker et al 1987);

(Asselmeier et al 1993); (Pelker et al 1983). The conclusion from the reviews was

thaf freezing bone did not significantly alter its mechanical properties and irradiation

below 30 kGy had little effect upon bone grafts but doses greater than 30kGy

significantly reduced the strength of allograft bone.

More recent studies have examined the biomechanical properties of inadiated

frozenbone which simulates the practice of many bone banks. However conclusions

are difficult to interpret as there is much variation of results. Lotty et al ( 1990)

reported a20Yo decrease in bending strength after 27kGy irradiation of frozen human

cortical bone subjected to bending tests, but this decreased quite dramatically to 65%o

of control strength when inadiated with 37kGy. Triantaffllou ( 1975) reported

similar results with frozen bovine tibia examined by three point bending and found a

50 - 75% reduction of bending strength when bone was irradiated with 30kGy. In

contrast, Komender (1976) examined machined human femoral cortex and reported

minimal mechanical changes in compression, torsion and bending with 10 and 30

kGy, but observed a20Yo decrease in compressive strenglh and a decrease in torsion

and bending strength to 65 - 70o/o of control when inadiated with 60kGy.

Biomechanical studies of cortical bone are relevant to large structural allografts

but the mechanical properties of cancellous bone may be more relevant as the

majority of bone allograft reconstructions involve cancellous or cortico-cancellous

grafts that will be loaded in compression. There have been limited studies and the
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effect of irradiation is not clear. Knaepler et al ( 1991) examined frozen trabecular

pig bone in compression and reported no mechanical effect when radiated with

10kGy but a reduction to 6I - 69% of controls when inadiated with 25kGy. These

results were in contrast to the work of Anderson et al ( 1992) who examined the

compressive mechanical properties of human cancellous bone irradiated with 10,31,

51 and 60kGy. They reported inadiation below 60kGy did not affect the mechanical

properties of the cancellous bone, but the compressive failure stress and elastic

modulus decreased significantly with 60kGy.

It is unknown what a significant decrease in the mechanical strength of

allograft bone is. There is no consensus on the clinically important biomechanical

requirements of an allograft bone which relates to the varied applications of allograft

bones and their structural importance, and to the variability of the normal mechanical

strength of bone. There are regional variations in density, porosity, mechanical

strength and stiffness of human cortical and cancellous bone between individuals as

well as regional variation in the same individual (Keller et al 1990); (Hansson et al

1930). In addition the biological behavior of bone grafts affects their mechanical

properties. As grafts are revascularized, and subsequently replaced by bone ingrowth

there is a decrease in strength and increase in graft porosity. Animal segmental

autograft models have demonstrated a 40 - 60%o decrease in mechanical properties as

the graft replacement takes place (Burchardt et al 1975); (Springfreld 1987).

1.5.6 Thermal treatment of bone grafts

It has been suggested that freezing may decrease the virus load in grafts

harvested from individuals who are infected with HIV (Buck et al 1990); (Salzman et

al 1993). Nemzek et al ( I99\; 1993) have used the feline leukemia virus model to

examine frozen connective tissue cancellous bone allografts. The frozen allografts

resulted in transmission of the retro-virus, even when combined with a water flush to

JJ



remove bone marrow. These animal findings have been confirmed in humans with a

report of HIV transmission arising from freeze dried factor VIII (Centers for Disease

Control.Update. 1 984).

Boiling allografts for 10 - 30 minutes before freezing or immediately before

use has been used as a method of graft preparation prior to the availability of bone

banks. These techniques are used less frequently at present but since the HIV

epidemic a renewed interest in thermal treatment is being reported. Successful

clinical outcomes after resection and autoclaving massive bone defects from bone

tumour excision have been reported (Shimozaki et al 1992); (Hanington et al 1986).

Successful short term clinical results have also been reported with xenografts treated

with very high temperature dry heating that removes the organic components of bone

(Ueno 1988). The main objection to the wide spread use of heat treatment is that

heating coagulates protein and at temperatures above 600C the bone morphogenic

protein is destroyed which could result in a reduced osteogenic response (Angermann

et al I99I).

HIV has been demonstrated to be very heat labile under laboratory conditions.

HIV is inactivated slowly at 560C but more rapidly at 600C wet heat (Quinnan et al

1986). Hilfenhaus et al ( 1986) found HIV was rapidly inactivated and was

undetectable within 30 - 60 minutes with 600C heating of HIV spiked plasma protein

preparations. Quinnan et al ( 1986) found an inactivation rate of at least 106 in vitro

infectious units with a two hour incubation at 600C. McDougal et at ( 19S5b) found

the rate of thermal decay was consistent with first order kinetics and the virus was

inactivated in 24 seconds at 600C but was dramatically more resistant with previous

lyophilization as confirmed by others (Tersmette et al 1986); (Lancz et al 1985).

Laboratory findings suggest HIV is sensitive to heating at 600C wet heat, but

caution must be exercised using dry heat. Epstein and Fricke ( 1990) have reported
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HIV and hepatitis transmission to hemophilia patients after transfusion with clotting

factors treated with dry heat less than 680C for 72 hours. Vanderberg et al ( 1936)

have reported seroconversion from commercially heat treated factor VIII.

Moderate heat treatment of bone allografts has recently been investigated.

Heating a femoral allograft bone to 800C will achieve an average central temperature

of 660C after one hour (Staudte et al 1991). Knaepler, Gunell et al (1993); Ig93)

and Chiron ( 1993) have examined the effects of moderate heat treated or autoclaved

cancellous bone. Chiron et al demonstrated virus inactivation of HIV spiked femoral

heads treated in an autoclave for 20 minutes. They found no significant difference

between the mechanical results of moderate heat treated bone, autoclaved bone, and

controls but they observed a delay in autoclaved graft integration. In contrast

Knaepler et al found a significant reduction in the mechanical strength of autoclaved

bone and the rate of complications was almost 20% greater than untreated bone

grafts. They reported satisfactory biological results with moderate heat treated grafts.

Other workers have reported satisfactory results of moderate heat treated bone

allografts in animal models (Kuhne et aI 1992) and Knaepler et al have reported

successful short term results in humans (Knaepler et al 1993). Longer term studies in

humans are not yet available. Moderate heat treatment would seem to be an

effective mechanism to inactivate most bacteria and HIV, but it is not effective

against Hepatitis viruses and slow viruses (van den Berg et al 1986); (Epstein et al

1990); (Mikhailov et al 1987); (Brown et al 1986).

1.6 Aims and scope of thesis

The aim of this thesis was to determine if gamma irradiation of bone allografts

is a satisfactory method to sterilize HIV infected bone allografts that have not been

detected by routine screening methods. Inadiation with 25 kGy is the current
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practice of many bone allograft banks and a residual chance of one HIV infection per

million grafts is the commonly accepted standard of sterility assurance.

Understanding of the epidemiology of HIV has progressed during the period of

this study (1990 - 1996) and a contemporary evaluation of bone allograft use and

HIV infection risk was undertaken.

Initial reports suggesting HIV is unusually radiosensitive were examined early

in the period of study (Campbell et al 1994) and the results suggested the need for

further study to accurately quantiff the efficacy of allograft sterilization with

inadiation. This thesis addresses two specific questions related to allograft

sterilization:

1) what is the virus bioburden of HIV infected allografts that have escaped

donor screening? The in vivo and in vitro infection of human bone is examined in

the thesis.

2) what is the inactivation rate of HIV?

Having addressed these two questions it was anticipated the efficacy of

irradiation sterilization would be resolved mathematically to determine the dose

required to achieve a sterility assurance level of one per million HIV infected bone

allografts.

Allograft cafülage is used in osteochondral allografts and is an important

contaminant of bone allografts. A secondary aim of the thesis was to determine if

human cartilage is susceptible to HIV infection.
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2. MATBRIALS AND METHODS

2.1 Cell culture and virus infection

2.1.1 HIV laboratory safety procedures

All experiments with potentially HIV contaminated material were done in a

containment laboratory (safety rating Cl) with gowns and gloves wom at all times.

Once inside the laboratory re-entry into the air-lock was prohibited until removing

gloves, gown and washing hands.

Before using the bio safety cabinet (Gelman Sciences Australia) the work

surface was sprayed and wiped with 70%o ethanol. A bench coat was placed in the

cabinet work area and a small autoclave bag for waste was placed in the cabinet, and

removed as soon as work with infected material was completed. In the event of spills

in the cabinet the bench coat was immediately placed in the autoclave bag and the

floor of the bio safety cabinet thoroughly decontaminated with either 70% ethanol or

0.5Yohypochlorite.

Double gloves were used when working with infectious material. Outer gloves

were removed, and remaining gloves sprayed with ethanol, whenever movement out

of the cabinet was necessary.

Any vessel that contained infectious or potentially infected material was filled

with 0.5% hypochlorite before being sealed and placed in an autoclave bag. Washing

discards, etc., were poured off into alarge paper cup filled with hypochlorite soaked

cotton wool and saturated with hypochlorite before being sealed and placed in an

autoclave bag. Used pipettes and pipette tips were discarded into an autoclave bag

without hypochlorite treatment.
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Any material leaving the bio safety cabinet, which was not to be discarded was

sprayed thoroughly withT0o/o ethanol and immediately brought out of the cabinet and

wiped dry. After doing precipitation and solubilization of virus in preparation for

reverse transcriptase assays, hypochlorite was squeezed into the ice container, the

container was sprayed with l}Yo ethanol and removed from the bio safety cabinet.

The container was then dunked in a 0.5% hypochlorite bath and rinsed. The same

procedure was used for removal of test tube racks from the cabinet.

Centrifuge buckets were loaded inside the cabinet, sealed and sprayed with

70%o ethanol before being taken out of the cabinet. After centrifuging, the buckets

were opened only inside the cabinet. Centrifuge buckets were decontaminated by

filling them with Cidex, leaving them for 30 minutes and washing extensively with

tap water and then distilled water.

After viewing of any flask of cells under the microscope, knobs and mount

were wiped withT}Yo ethanol.

Any item to be removed from the containment laboratory was decontaminated

withT}Yo ethanol, wiped, and placed in the air lock.

2.1.2 Cells and virus

2.1.2.1 H3B cells

H3B cells obtained as a gift from Dr. P. Li (Institute of Medical and

Veterinary Science, Adelaide, South Australia) were used as the virus producer cells

for virus supernatant and were employed as the virus donor cells in the cell-to-cell

transmission format. These cells are a clone derived from HTLV-IIIB infected H9

lymphocytes and are greater than 95o/o HIY p24 antigen positive as judged by
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immunofluorescence and contain an average of two copies of unintegrated HTLV-

IIIB pro virus DNA per cell (Li et aI1992a).

H3B cells were propagated in RPMI-1640 growth medium (Cytosystems)

prepared using ultra pure water supplemented with sodium carbonate 0.85

grams/litre, HEPES 20 mM, L-glutamine 0.29 grams/litre, penicillin 25 u/ml,

streptomycin 25 u/ml and phenyl red and further supplemented with l)Yo heat-

inactivated foetal calf serum immediately prior to use. Cells were maintained at a

density of 5x105 cells/ml in 150 cm2 flasks (Costar).

2.1.2.2 HUT-78 cells

HUT-78 cells (lrllH AIDS Research and Reference Reagent program, ERC

Bioservices Corp. Rockville, MD) were employed as indicator cells for co-

cultivation after cell-free infection. When infected with HIV or co-cultivated with

HIV infected celis they coalesce to form syncytia (Figure 2.1) and immunofluoresce

for p24 antigen. HUT-78 cells were maintained in sub-culture in RPMI-I640 growth

medium (as above) supplemented with l\Yo heat-inactivated foetal calf serum at a

density of 5x105 cells/ml.
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Figure 2.1 Examples of giant cell formation after inoculation of

HUT-78 cells with Human Immunodefïciency virus. (top) Five days

after inoculation the multinucleated giant cells are easily differentiated from

the smaller HUT-78 lymphocytes and have a characteristic ballooning

appearance. (Iower) Nine days after inoculation the giant cells have a

darker multinucleated nucleus than immature giant cells. The surrounding

HUT-78 lymphocytes demonshate cytopathic changes, fragmentation and

many are beginning to coalesce as the precursor to further giant cell

formation. Magnification, x40.
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2.1.2.3. Human bone derived cells

The human bone derived cell method of Beresford. et al ( 1983) was used

exclusively. The culture medium used for all human bone derived cell culture

experiments was Dulbecco's modification of Eagles minimum essential medium

(DMEM, Gibco). The DMEM (glucose 4.5 grams/litre) was prepared using ultra

pure water supplemented with sodium carbonate 0.85 grams/litre, HEpES 20 mM, L-

glutamine 0.29 gramsllitre, penicillin 25 ulml, streptomycin 25 ulml and phenyl red.

The medium was supplemented with 10% heat-inactivated foetal calf serum and

ascorbate-2 phosphate 100 uM immediately prior to usage.

First or second passaged cells were obtained as a gift from Dr. Stephen Graves

and Mrs. Shelley Hay, University of Adelaide, South Australia. Bone explants

obtained from elective orthopaedic surgery patients were placed in sterile saline.

Explants were washed three times in phosphate buffered saline using a vortex mixer

to remove contaminated blood cells. Using aseptic technique, the tissue was cut into

small pieces approximatery 2-3 mm and placed into a 75 cm flask (costar). Ten

milliliters of culture medium was added with the flask cap loosened and incubated at

37o in 5Yo carbon dioxide. The medium was changed at week one and two, then

three times per week.

A confluent cell layer (Figure 2.2) was collagenized and trypsinized (section

2.1.3), adjusted to a density of 5x10a cells/ml, then re-seeded onto either 25 cm

flasks (Costar) or 24 well trays (Costar, cat. no. 3524) to which a sterile cover slip

was added. Flasks were incubated with the lid loosened until virus inoculation (after

which an air tight seal was mandatory for laboratory safety), 24 wellplates had water

added to the remaining unused wells and surrounds, then taped and sealed with

plastic food wrap and incubated at 37"C, 5%o carbon dioxide. Half volume medium

changes were continued three times per week. Confluent cells were removed and

adjusted to approximately 5x104 cells/ml to encourage continued culture growth
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ßigare2.2 Human Bone Derived Cells grown to confluence. The

cells coalesce to form a monolayer and adhere to the floor of the culture

flask. These monolayer cells are easily distinguished from H3B and HUT-

78 cells which are spherical and remain in suspension throughout the media.

Magnification; top x 10, lower x 30.
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2.1.3. Collagenase 1 and Trypsin digestion

Flasks were washed twice with calcium and magnesium free phosphate

buffered saline for hve minutes. Two hundred and fifty units of Collagenase I

(Sigma Collagenase 1, C-0130) was added, incubated at 37" and checked every 15

minutes to a maximum of two hours. When the majority of cells had become

rounded (usually after 30 minutes) the supematant was removed.

Five milliliters of 0.05% trypsin (Sigma Trypsin Type X1, T-1005) was added

and incubated at 37" for five minutes. The cell sheet was lifted with a sterile

disposable pipette to enhance cell separation. Fresh medium was added (neutralizing

further tVpsin eîzyme action) and the supernatant was removed and centrifuged at

15,000 rpm for 10-15 minutes at 4"C. The cell pellet was dispersed into fresh

medium and counted.

2.1.4. Virus supernatant preparation

To prepare virus supematant H3B cells were maintained at a density of 5x107

cells/ml with an hourly medium change as described by Li et at ( l9g2b). Cells were

centrifuged 930rpm for 30 minutes, the supematant was harvested and the cells

resuspended in medium and incubated at 3'/0 C supplemented wifh 5%o carbon

dioxide. The supernatant was pooled, chilled on ice and centrifuged at 3,500 rpm for

ten minutes at 40 C, divided into aliquots of 5ml and stored at -70" C. One vial was

thawed for virus titre (greater than 105 tissue culture infective doses (TCIDT) per

milliliter) and reverse transcriptase activity (greater than 40,000 counts/ml).
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2.2. Assessment of HIV infection

2.2.I. Microscopy

Light microscopy observations were made for cytopathic changes and the

formation of multinucleated giant cells, or syncytia (Figure 2.1), as described by

Sodroski et al ( 1986) and Lifson et al ( 1986). Cell fusion is thought to indicate the

fusion of virus infected cells with uninfected cells and is associated with virus

replication. HUT-78 cells incubated with virus or H3B cells as positive controls

consistently demonstrated giant cell formation and cytopathic changes.

2.2.2. p2 4 antigen immunofluorescence

Suspension cells were washed twice with phosphate buffered saline (PBS) and

resuspended at 106 cells/ml in PBS, spotted onto immunofluorescence slides (PH17,

Wellcome) and allowed to air dry. Coverslips with adherent cells were removed

from the culture plate, washed three times in 1 x PBS and allowed to air dry before

being mounted onto glass slides. Slides were then fixed in cold I%o formalin (in

PBS) for 30 minutes, followed by 70% ethanol for one minute.

Slides were washed for five minutes in lx PBS followed by a 20 minute wash

in 0.05% Nonidet P40 (Boehringer, Mannheim). The slides were then washed a

further two times in 1x PBS followed by incubation with monoclonal antibody to

HTLV-III p24 (cat. no. MAB 880-A,chemicon, Single oak Drive, Temecula, cA,

usA), diluted 1/100 in I x PBS, for 45 minutes in a humid chamber at room

temperature. After washing twice with 1 x PBS, FlTC-conjugated sheep anti-mouse

immmunoglobulin (Silenus Laboratories, NW 58th Street, Miami, Florida, USA),

diluted Il20 in lx PBS, was added and incubated for 30 minutes in a humid chamber

at room temperature. The cells were washed twice in lx PBS before coverslip

mounting with glycerol.
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p24 antigen positive cells were evaluated using a Zeiss fluorescence

microscope and graded negative, indeterminate or positive immunofluorescence.

Non-infected HUT-78 cells were the negative controls and H3B cells were the

positive controls which consistently immunofluoresced.
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Figure 2.3 p24 Antigen Immunofluorescence of IIIV infected cells.

Chronically. infected H3B lymphocytes (top) are small round cells in

suspension and are magroscopically distinct from the larger human bone

derived cells that adhere to the floor of the cell culture flask. HIV infected

epithelial cells included as an example of HIV infected cell explants

(lower). Magnification, x60.
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2.2.3. Virus titres

HUT-78 cells were incubated with 0.001% Diethyaminoethyl-Dextran (DEAE-

Dextran) at 370 C for 30 minutes to enhance virus absorption (Duc-Nguyen 1963);

(Levy et al 1985). Cells were pelleted (930 rpm for three minutes) and resuspended

in RPMI-1640 medium and aliquoted one milliliter (1.5x10s cells) in eppendorf

tubes. Cells were pelleted (6500 rpm for three minutes), the supematant was

removed and cells were resuspended in virus dilution.

Samples were thawed to room temperature and serially diluted ten fold to 10-7

in serum-free RPMI-I640 medium.

HUT-78 cell pellets (1.5x10s cells) were resuspended in 600u1of virus dilution

or 600u1 RPMI-1640 for controls and incubated for two hours. Cells were then

washed three times in serum-free medium, resuspended in 1200u1 of RPMI-1640

supplemented with 10Yo foetal calf serum, and aliquots of 200u1 (2.5 x 104 cells)

were placed into six wells of a forty eight well plate (Costar, cat. no. 3548). The

plates were sealed and incubated at370 Celsius.

A further 200u1 of foetal calf serum supplemented medium was added to each

well the following day. Half volume medium changes were made as required.

Observations for cytopathic effect were made on day five and seven, when

smears for immunofluorescence were made for conformation of microscopic

findings.

48



2.2.3.1. Calculation of TCIDso

Virus titres were calculated by the Spearman-Karber method (Dougherty 1964)

for determination of 50%o end points using the equation;

LogTCID5o:L-d(S-0.5)

L: negative log lowest dilution

d: difference between log dilution steps

S : sum of proportions of cytopathic effect from virus

The following example of TCID5¡ calculation is included

virus dilution of infected cultures

10-1

r0-2

10-3

10-4

10-5

10-6

616: I

616: r

616:1

316:0.5

116: 0.167

016:0

LogTCIDro:l-d(S-0.5)

: -1 -1(3.667 - 0.s)

: -4.167

and is expressed as 10a 
167 : 4.167log1¡ units
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2.2.4. Reverse transcriptase activity

The reverse transcriptase assay was essentially as described (Hoffman et al

1985). Five hundred microlitres of 30% polyethylene glycol (PEG) was added to

250u1 of cell supernatant, vortexed and iced for 30 minutes followed by 10 minutes at

13000rprn. The supernatant was removed and the pellet resuspended by vortex in

100u1 of virus solubilization buffer (0.5% Triton X-100, 800mM NaCl, 20%

glycerol, 50mM tromethamine (hydroxymethyl)-aminomethane (Tris) hydrochloride

pH 7.8) and incubated on ice for 10 minutes.

20ul of each sample was added to l80ul of reaction mix (Tris-hydrochloride

pH 7.8, iOmM MgCI2,5mM dithiothreitol (DTT), 30ul/ml p(rA).p(dT)1e, 4Oul/ml

dATP, 2}ullm| (3H)TTP (aqueous) and incubated for two hours at 37"C. Samples

were precipitated with 50ui of 50Yo trichloro acetic acid (TCA) at 40C.

The samples were harvested onto 2.5cm 3MM paper discs using a millipore

manifold filter system. Tubes and filters were washed three times with 10% TCA,

three times with 5% TCA and once with 70Yo efhanol. Filters were dried and added

to 5ml scintillation fluid (OptiPhase 'HiSafe', LKB Scintillation Products) and

counted in a Packard 1900 TR Liquid Scintillation Analyzer.

H3B cell virus supernatant was the positive control and fresh media or Human

Bone Derived Cells cultured in non infective media were the negative controls.

2.3 Irradiation

2.3.1 Infected bone allograft model

The infected bone allograft model (chapter 4) was inadiated in a commercial

gamma chamber (Steriteck Pty. Ltd. Dandenong, Victoria, Australia) using a
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Cobolt-60 source. Irradiation dose rate was estimated from the dose measured in

commercial samples.

Radiation exposure was measured after irradiation of samples with an optical

dosimeter (l.trordion Intemational, Kanata, Ontario, Canada). Dosimeters were

extracted and the dose of irradiation established by spectrophotometric analysis of

dosimeters and calibrated using reference ceric-serous sulphate solutions (Steriteck

Pty. Ltd. Dandenong, Victoria, Australia).

2.3.2 Inactivation of HIV with gamma irradiation experiments

Vials of frozen virus maintained on dry ice (approximately -70oC) were

exposed to a cobalt 60 source at a commercial facility (Australia Nuclear Science and

Technology Organisation, Lucas Heights Research Laboratories, Lucas Heights

NSW). Samples were maintained in a polystyrene lined metal can loaded into a

gamma pond canister and processed in the cobalt 60 reactor (LC2) for intervals

calculated to deliver 0 - 40 kGy inadiation at 5kGy intervals.

The irradiation dose delivered to virus samples was calculated by suspending

ceric/cerous dosimeters in a receptacle specially prepared for the virus. Dosimeters

were irradiated and measured at 20o C which is the preferred temperature range for

the dosimeters. Three dosimeters were examined for two hours 15 minutes each and

the average dose rate measures was 6.39 kGy per hour, range 6.344 - 6.4414. The

dose rate was used to determine the exposure time of samples.
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2.4 DNA preparation

2.4.1. Chromosomal DNA extraction

Genomic DNA was extracted by standard methods (Maniatis et al 1982). Cells

were washed three times in phosphate buffered saline, monolayer cell cultures were

collagenased and trypsinised (section 2.1.3). Cells were spun at 1500 rpm for three

minutes and resuspended in digestion buffer (100 mM NaCl, 10mM tromethamine

(hydroxymethyl)-aminomethane (tris) Ph8, 25 mM ethylenediaminetetra-acetic acid

(EDTA) Ph8, 0.5% Sodium Dodecylsulphate (sDS), and 0.1 mg/ml proteinase-K

(Merck) for approximately 18 hours.

Digested cells were extracted two or three times with phenyl-chloroform-

isoamylalcohol (25: 24: I) and the DNA was precipitated by ethanol sodium acetate.

The pellet was rinsed withT\Yo ethanol, dried and resuspended in 50 microlitres TE

(10mM Tris.HCl pH 8.0, lmM EDTA pHs.O). The DNA yield was usually 2ug

from 106 cells.

2.4.2 DNA extraction from bone

The method used to extract DNA from bone was a modification from Maniatis

et al (Sambrook et al 1989) and is examined in chapter five; the following method

was used for clinical material. One gram of bone or cartilage was crushed with

mortar and pestle and incubated for 72-78 hours at 370 C in a lysis solution

consisting of 100mM Nacl, 10mM Tris pH 8, 25mM EDTA pH 8, 0.5% SDS and

0.1 mg/ml proteinase-K (Merck). The solution was extracted three times with

phenyl-chloroform-isoamylalcohol (25:24:l) and the DNA was precipitated by

Sodium Acetate and ethanol. The pellet was rinsed with 70Yo ethanol, dried

overnight and resuspended in 50ul TE. The DNA yield was usually 1-10ug from 1-

1.5 grams of bone.
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2.4.3 DNA extraction from blood.

Ten milliliters of blood was lysed in 50mls of lysis buffer (0.144M NH4CI and

0.01M NH4HCO3) until the sample darkened and cleared. Samples were spun at

2,000 rpm for five to ten minutes, the supernatant was removed and the pellet

resuspended in another 5Omls of lysis buffer.

The sample was spun again and the pellet resuspended in seven milliliters of

buffer 1 (0.01M Tris pH 7 .4,0.|M NaCl, 0.0lM EDTA). An equal volume of buffer

2 (0.01M Tris pH 7.4,01M NaCl,0.01M EDTA,0.5% SDS) was added. Two

milligrams of proteinase-K (Merck) was added and incubatedat3T" for 18-24 hours.

The sample was extracted twice with phenyl-chloroform-isoamylalcohol, DNA

precipitated in Sodium Acetate and ethanol, rinsed, ethanol dried and resuspended in

50ul of TE. The DNA content was measured spectrophotometrically (OD:260,

(Sambrook et al 1989). The DNA yield was usually 200ug to 1,000ug per 10mls

whole blood.

2.4.4 Phenol extraction and ethanol precipitation.

Nucleic acid samples were digested as above. Samples were added to 2.5

volumes of phenyl-chloroform-isoamylalcohol (25:24:1). The mixture was vortexed

for three to five minutes and centrifuged 15 minutes at 4,000 rpm. The sample

separated into three layers with the aqueous supernatant containing the DNA, the

discolored lower layer containing phenol with a small intermediate layer of

undissolved proteins. The aqueous layer was removed to a separate tube and the

extraction repeated a second time.
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If the phases did not resolve suffrciently another volume of digestion buffer

was added, omitting proteinase-K and the centrifugation was repeated. If there was a

thick layer of white material at the interface the organic extraction was repeated.

The aqueous layer was removed to a new tube. Nucleic acids were then

precipitated by the addition of 1/10 volume 3M Sodium Acetate and 2-3 volumes

100% refrigerated ethanol. Samples were refrigerated for two hours at -20oC or 30

minutes at -70"C and centrifuged for ten minutes at 4,000 rpm. The pellet was rinsed

with l0o/o refrigerated ethanol and air dried overnight in an incubation hood at 3Jo.

The DNA pellet was dissolved in TE to a final volume of 50-100u1.

To determine the DNA concentration samples were measrued with 1/500 or

1/50 distilled water dilutions in a spectrophotometer as before.

2.5 Nucleic acid analysis

2.5.1 Oligonucleotides

Primer pairs used for polymerase chain reactions (PCR) were manufactured by

the Department of Molecular Biology, Institute of Medical And Veterinary Science,

Adelaide, and adjusted to 100 nglul. A 115 base pair region of the HIV-l-gøg gene

was amplified using SK38 and SK39 primers (Kellogg et al 1990). A242 base pair

region of HLA-DQ-û, gene was amplified using primers GH26 and GH27 (Saiki et al

1e8s).

SK38

SK39

GH26

GH27

5'- ATA. ATC. CAG. CTA. TCC. CAG. TAG. GAG. AAA. T -3'

5'- TT. GGT. CCT. TGT. CTT. ATG. TCC. AGA. ATG. C -3'

5'- GTG. CTG. CAG. GTG. TAA. ACT. TGT. ACC. AG -3'

5'- CAC. GGA. TCC. GGT. AGC. AGC. GGT. AGA. GTT. G -3'
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2.5.2. Oligonuclide 5' -32P Gamma-ATP end-labeling

Oligonucleotide probes were S'-end labeled with 32P-gamma-ATP using a

standard polynucleotide kinase reaction (Maniatis et al 1982). Probes were

independently incubated in a 50ul solution consisting of 10ul oligonucleotide (100

nglul), 10ul 32P-gamma-ATP (l0pCi/ul; Bresatec, Pty. Ltd. Adelaide, South

Australia), 4ul 10 x PNK buffer (0.5M Tris-HCl pH7.6,0.1M MgCl2, 1OmM DDT,

10mM B-mercaptoethanol), 4ul DTT, 4ul T4 polynucleotide kinase (5U/ul;

Bresatec), and 8ul sterile distilled water. The reaction mixture was incubated for 45

minutes aI" 37o in a radiation hood, the nucleotides were purified by spun column

chromatography and the radioactivity of the completed probe measured with an

image counter (Packard 1900 TR Liquid Scintillation Analyzer).

2.5.2 Spun column chromatography

To remove unincorporated nucleotide the polynucleotide kinase reaction

mixture was separated by spun column chromatography (Sambrook et al 1989). The

spun column was manufactured with a one milliliter syringe (Terumo) plugged with a

small amount of siliconized glass wool using a flame sterilized spatula. Sephadex G-

25 medium (Pharmacia, North Ryde, Sydney, Australia) was added and spun at2,500

rpm (350 gms) for three minutes (with the syringe resting in a 10ml tube). More

sephadex was added and spun to make a compacted volume of 0.8-1 ml. The column

was washed with 100u1 STE (100mM NaCl, 10mM Tris pH 7.6,lml|r4 EDTA) and

spun as above.

A screw cap eppendorf syringe was placed below the column, the labeling mix

was pipetted onto the column and spun as above. The column was washed with 10ul

STE and spun as above. The eluent collected in the eppendorf beneath the syringe

was the labeled probe free of unincorporated nucleotides. The hnal volume was

adjusted to 250u1 with the addition of sterile distilled water.
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To measure the radioactivity 1ul of purified oligonucleotide was placed on

Whatman 3MM filter paper, air dried, placed into scintillation vials along with lml

Optiphase 'HiSafe' 3 scintillation cocktail (LKB Scintillation Products) and counted

in a Packard 1900 TR Liquid Scintillation Analyzer to obtain radiation

counts/minute/microlitre (CPlv{/ul). Specific activity was greater than 109 CPN,íul.

Labeled nucleotides were used immediately or stored overnight at-20"C in lead pigs.

2.5.3 Polymerase chain reaction conditions

The PCR method (Saiki et al 1985); (Saiki et al 1988) was adapted by having

one oligonucleotide of each pair labeled with 32P gamma-ATP. The 32P-labeled PCR

product was then obtained by amplification and visualized directly by acrylamide gel

electropholesis, autoradiography and computer densitometry (Pang et al 1990a).

Primers G}J26 and SK 38 were independently 5'labeled with 32P gamma-ATP

and purified (section 2.5.2 and 2.5.3). After the addition of radiolabeled primers all

PCR work was done in a radiation hood or behind a Perspex radiation shield.

The PCR reaction mixture of 100u1 contained 5 ul 10 x Taq buffer (670mM

Tris-HCl pH 8.8, 166mM (NH4)2SO4,2nglml gelatin, 4.5o/oTriton-X-l00; Bresatec,

Pty. Ltd. Adelaide, South Australia), 2.25 mMol MgCl2, one mM of each of the

four deoxynucleoside triphosphates (Perkin Elmer Cetus, Roche Molecular Systems,

New Jersey, USA) and 0.04 units Thermus Aquaticus (Taq) polymerase (Bresatec),

5ul of each primer dilution, DNA and sterile distilled water.

The 'hot start PCR' technique (Bloch 1992) was used with the reaction mixture

(less enzyme and DNA) overlaid with ampliwax PCR gem 100's (Perkin Elmer) and

heated to 60oC for 5-10 minutes. The reaction tubes were cooled to room
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temperature and an upper reaction mixture consisting of Taq polymerase, water and

DNA was added using a dedicated positive displacement pipette (Bresatec) in a

cleaned Bio-safety cabinet with UV light and fresh gloves.

The PCR reaction was carried out in a Perkin-Elmer thermocycler and each

amplification cycle consisted of 1.5 minutes at95oC, one minute at 56"C and two

minutes at72"C followed by ten minutes at72oC. Twenty five cycles was used in all

experiments and has been validated for semiquantitative analysis by Lee et al (

1ee1).

2.5.4 Electrophoresis and image quantification

An eight percent polyacrylamide gel electrophoresis system was used to resolve

radiolabeled PCR products (Sambrook et al 1989) followed by autoradiography

and./or phosphorimage scanning.

Polyacrylamide gels were prepared and electrophoresed in a vertical

electrophoresis system (Bio-Rad). An 8% acrylamide gel solution was prepared with

1.2 mls 33%o acrylamide 10.9% bis-acrylamide,2.75mls H2O, lml 5 x TBE (0.9M

tromethamine (hydroxymethyl)-aminomethane (Tris) hydrochloride base, 0.9M boric

acid, 0.2mM disodium etþlenediaminetetra-acetic acid pH 8.3), 50ul l0%

ammonium per sulphate, and 3.5u1 N,N,N,',N'-tetramethylethylene-diamine. Gels

were allowed to polymerize for at least one hour prior to use.

A molecular weight marker (pUC 19 DNA restricted with Hpa II, Bresetec)

was 32P gamma-ATP radiolabeled (section 2.5.2). 10ul of each sample and the

marker were added to 2ul of loading buffer (0.25% Bromophenol Blue, 0.25%

Xylene Cyanol (Labchem), I5yo Ficoll 400 (Sigma) in distilled water). The samples

and marker were electrophoresed at 100 volts for 60-120 minutes in 1 x TBE.
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After running, the gel was separated and covered on one side with 3MM Chr

chromatography paper (V/hatman) and dried at 80oC under vacuum for one hour in a

gel dryer (Bio-Rad model 5833 connected to a Hetovaac VR-l vacuum apparatus).

The gels were exposed to autoradiographic film (XAR-5, Kodak, Rochester, New

York, USA) without enhancing screen for 90-180 minutes at room temperature.

Radiograph films were developed using an Ilfospeed2240 automated developer, and

selected gels were exposed to a phosphor screen imager exposure cassette.

A clean Phosphor screen (storage phosphor screen, Molecular Dynamics) was

exposed to the radiolabeled gels for 18 hours at room temperature. The Phosphor

screen was scanned with a Phosphorlmager (ImageQuant, model #4008, Molecular

Dynamics, Sumyvale, CA 94086) using molecular dynamics image quant version 3.0

software (Molecular Dynamics). Net optical densities for the specific bands were

determined by volume integration with manual background subtraction for each

sample. Two independent readings were taken from each individual gel by the

phosphor'-imager, the average and variation was recorded (less than I0%o variation

was observed).

2.5.5 Semi-quantitative polymerase chain reaction

Simultaneous amplification and detection of a single copy human genome and

an HIV sequence was used as a semi-quantitative assay of HIV infection. The

simultaneous amplification and detection method used an intemal control to validate

the efficiency of the PCR reaction and determine the HIV copy number relative to

input cell DNA copy number (Lee et al I99l); (Pang et al 1990a).

Controlled dilutions of H3B cells (which contain a single HIV gene segment

(Li et al 1992a) were prepared from HUT-78 cells spiked with ten-fold serial
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dilutions of I0-2 to 10-5 H3B cells. Chromosomal DNA was extracted from HUT-

78 cells, H3B cells, and H3B cell dilutions (section 2.4.1). Five micrograms of DNA

was coamplihed for HIY-l-gag and HLA-DQ-cr sequences by PCR (section 2.5.3).

Autoradiographs from the serial dilutions were analyzed using an image analysis

system (section 2.5.4) to obtain band intensities at each input cell level. The results

of HIV/HLA band intensity ratios for each H3B/FIUT-78 cell ratio were analyzedby

linear regression analysis to construct a standard curve (Figure 5.4). The control

curve obtained was used to determine the ratio of HIV infected cells from the

radiolabeled PCR product of clinical samples.

Control curves were established in duplicate and new curves were constructed

for each new reaction mixture or radiolabeled probe pair. Clinical samples were

analyzed in triplicate. A negative control derived from HUT-78 cell chromosomal

DNA was always included.

2.6 Statistics and mathematical illustrations

Linear regression analysis was used for the analysis of dependent variables

(radiation dosimeters, semi-quantitative PCR, and irradiated virus titres). Microsoft

Excel version 4.0 (Microsoft Corporation, Redmond, Washington, USA) was used to

calculate the slope of the regression line, coefficient of determination of the data(P),

and P-value. The regression line was obtained with the equation;

y:ao+a1 x+error

and was illustrated with CA-cricket graph computer software (1990 Computer

Associates International Inc, San Diego, USA).
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3. BONE ALLOGRAFT
AUSTRALIA AND THE
TRANSMISSION

BANKING IN
RISK OF HIV

3.1 Introduction

To determine the frequency of usage and incidence of problems associated with

bone allografting in Australia an audit of the South Australia musculoskeletal bank

was underlaken. Of particular interest was the demographic data of the donor

population and allograft bones that were discarded to determine the cause and

incidence of bone being rejected. Bone harvested during a five year period including

the years 1988 to 1992 was the subject of this review.

The risk of virus transmission to allograft recipients remains a concern

regardless of allograft type. The estimated probability of not detecting an HIV

infected blood donor in Australia is around one in 920 000 (Dax et al 1992). In the

United States estimates range from one in 38, 000 to one in 300,000 per unit of blood

(Ward et al 1988a); (Busch et al 1991); (Kaplan et al 1987).

In 1988 the risk of bone allograft HIV transmission in the United States was

estimated to be less than one per million (Buck et al 1989) but the authors

acknowledge the figures were early in the HIV epidemic and not exact.

Since the calculation of HIV incidence in bone allografts by Buck e/ øl ( 1989)

bone allograft banks have adopted more comprehensive protocols aimed at

decreasing the likelihood of HIV transmission (La Prairie et al 1991); (Musclow

1992). The current risks of HIV transmission have not been calculated.
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3.1.1 Aims

The aim of this review was to

1) obtain an overview of the pattem of bone allograft usage in an Australian

bone allograft bank,

2) determine the nature and frequency of bone rejection from the bank, and

3) estimate the risk of HIV infection from a bone allograft in Australia using

contemporary screening techniques.
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3.2 Material And Methods

Bone donations are received from two sources. Specimens are obtained from

live donors at the time of total hip replacement or hip hemiarthroplasty for fracture.

Cadaver specimens are harvested from organ donors as part of the state wide general

organ transplantation pro gram.

Live donors are required to sign a declaration stating the absence of risk factors

to potentially infecticus disease transmission as outlined in a pre-donation proforma

modelied on the American Association of Tissue Banks (American Association of

Tissue Banks 1989). The donors are interviewed by the donating surgeon who

completes the profurma listing exclusions directed at the possibility of transmissible

virus diseases, bacterial infection, tumours and diseases of unknown aetiology

including connective tissue diseases, diabetes and Pagets disease.

Pre-donation screening tests are performed at the time of completion of the risk

declaration form. The screening tests may precede sugery and there is the potential

for bone to be excluded before it is sent to the bone bank if there is an abnormal

result. Screening for HIV and Hepatitis was introduced in 1985 and Hepatitis C

antibody screening was introduced in May 1990. A 180 day quarantine and repeat

serum test was introduced in 1993. The following screening tests are performed;

HIV-I and HIV-2 antibody (Recombinant HIV-l/HIV-2 third generation, Abbott,

Chicago) , Hepatitis B antigen (Auszyme, Abbott, Chicago), Hepatitis C antibody

(HCV EIA 3.0, Abbott, Chicago), Syphilis serology (Centocore EIA/G, Centocore,

U.S.A.). ABO and Rhesus blood groups are recorded but donor and recipient

matching was infrequent.
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Cadaveric organ donors are screened by proxy via relatives and the treating

physicians who are usually from an intensive care environment. Pre-donation

screens are the same as for femoral head donors with the addition of blood cultures.

All specimens were removed under strictly aseptic conditions. Live donors and

most cadaver donors were harvested in the operating room, 27 per cent of long bone

donors were harvested in the autopsy room. Specimens are triple wrapped in sterile

plastic bags and/or containers and stored at minus seventy degrees Celsius.

Bacteriological culture swabs are taken at the time of harvesting and include the cut

bone surface and synovial fluid. Swabs are incubated in culture medium and

subcultured onto blood agar and culture broth. A biopsy of the specimen is examined

by a histopathologist.

During the time of this review all specimens were inadiated with 25 kGy of

gamma irradiation (Cobalt 60 source ) while being maintained on dry ice.

All consecutive allograft specimens during this period where reviewed by

analysis of donor and recipient demographic factors, donor questiomaires and pre-

donation screening tests.

3.2.1 Estimate of HIV risk

The risk of HIV transmission was calculated by determination of the HIV

prevalence in a bone allograft population and serially multiplying the risk of failure

of each donor screening technique (chapter 1.4). Bone derived from live or cadaver

donors are screened for HIV by separate protocols and are considered separately.

The Australian HIV incidence for age and sex was calculated from the

cumulative number of new HIV infections to 30 September 1993 (National Centre in
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HIV Epidemiology and Clinical Research. 1994) and the estimated resident

population, analysed by age and sex (Australian Bureau of Statistics. 1994). The

HIV incidence was multiplied by the fraction of bone allograft donors in each agelsex

interval (Figure 2.1) to calculate the HIV prevalence in the donor population.
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3.3 Results

3.3.1 Donations

2361 bone grafts were collected from 2176 patients during the period of review

(Figure 3.1). 2l5long bones were harvested from 30 donors.

I o¡scarded bones

I cadaveric donors

I tiving donors

1988 1989 1990

year of donation

1991 1æ2

Figure 3.1 South Australian Bone Bank donations 1988 to 1992.

Donor demographical data is included in Table 3.1. There was an

approximately equal sex distribution at each age range. The majority of living

donors were aged greater than 60 years and most of the cadaveric donors were

younger adults. 60%o of cadaveric donors died from non violent medical illness

(Table 3.2).
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Table 3.1. Demographic details of lS24living and 30 cadaveric bone

allograft donors.

Three hundred and twenty two donors were excluded and are not included in the

table.

Table 3.2 Cause of death of cadaveric donors.

Age Living

males

donors

females

Cadaveric

males

donors

females

3-19

20-29

30-39

40-49

50-59

60+

unknown

1J

J

42

136

654

2

2

8

27

92

8s3

2

2

5

2

J

a
J

2

1

2

2

J

4

1

total 840 984 t7 13

Cause of Death Number

of donors

Number

of bones

intracranial hemorrhage

cardiogenic

vehicle accident

suicide

accidental shooting

13

l
6

aJ

I

94

49

28

36

8

total 30 2ls
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3.3.2 Bone usage

The distribution of living and cadaveric allografts is included in Table 3.3. At

the time of data collection 1740 of the 1824live donor allografts had been used and

140 of the 2I5 cadaveric allografts had been used. The most frequent indication for

bone allografting was arthroplasty surgery and spinal fusion. Femoral heads were

used as structural grafts or milled bone chips and more than one femoral head was

often used during the recipient procedure. Long bones used for arthroplasty surgery

were most often utilized as proximal femoral allografts and one or two bones were

required with the second being utilized as strut graft.

Table 3.3 Allograft bone recipient procedures.

recipient procedure living

donors

cadaveric

donors

arthroplasty

spinal fusion

tumour

fracture/osteotomy

maxillofacial

other

unspecified

768

675

66

10s

27

47

52

80

10

JJ

I7

total 1740 140
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3.3.3 Discarded allografts

Three hundred and thirty six allografts were discarded. Of these 77 were

discarded because of a positive donor history such as a previous tumour or Paget's

disease. Seventy one bones were discarded because ofincorrect handling procedures

including incomplete donor history or screening tests, mishandling of the grafts (such

as placing the graft in formalin), or an excessive delay in refrigeration after

procurement. 103 bones were rejected after collection due to logistical errors mostly

when the graft had been returned unused and allowed to thaw.

There were 85 exclusions because of positive patient or graft screens (Table

3.4). Biopsy exclusions were mostly non specific such as excess numbers of

inflammatory cells but also included an undiagnosed Pagets disease and an

undiagnosed lymphoma.

Culture positive results included 17 Staph. epidermidis, four Staph. aureus,

two streptococci, two anaerobic diptheroids, one gram negative and one gram

positive bacillus.

Three bone donations rvere rejected because of a positive HIV antibody test result.

One test result was confirmed positive by V/estern Blot. This patient had an elective

total hip replacement and donated his femoral head without knowledge of his

antibody status which was determined as a result of bone bank screening for HIV

antibody. The patient had unknowingly signed his consent form denying any risk

factors; the proforma atthat time did not include heterosexual sexual contact with

sex workers from aÍL area endemic with HIV (Thailand) and was the cause of

infection in this case. Two other patients were rejected because of an initial HIV

positive test result, one was an incorrect interim report from the laboratory, the

68



second \ilas an elderly woman with no risk factors who retumed repeat intermediate

test results and did not seroconvert on repeat testing at six months.

Table 3.4 Bone grafts excluded with positive screening test.

3.3.1 Estimate of HIV risk

The calculated prevalence of HIV carriers in the unscreened donor population

was 172 per million living donors and 1080 per million cadaveric donors. The

estimated risk of missing an HIV infected donor after contemporary screening

techniques was 0.025 per million living donors and0.2 per million cadaver donors.

positive result total

biopsy

culture

VDRL

hepatitis C

Hepatitis B

HIV test positive

HIV true positive

31

2l

9

8

7

2

1

total 85
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3.4 Discussion

During the five year period of this review 2361 allografts were collected from

2176 donors. During the same period the South Australian organ donation program

harvested 510 organ and tissue allografts from 115 donors. During a six year period

the Lions Eye Bank of South Australia collected corneas from 790 donors (Williams

et al 1990). Nationally there were 3585 cornea transplants and 2787 kidney

transplants from 1986 to 1991 (Chapman 1992). National figures for bone allografts

are not recorded but the current study suggests the number of bone allograft

procedures exceeds corneal grafting which was previously believed to be the most

frequent tissue/organ allo graft .

There have been well established reviews and guidelines describing the

methods of harvesting and storage of bone in bone banks (Friedlaender 1987a);

(American Association of Tissue Banks 1989); (La Prairie et al 1991); (Friedlaender

1982). A feature of bone allograft banks has been the priority of graft safety

particularly since the majority of grafts were used for elective surgery such as

arthroplasty and spinal fusion. Unlike organ recipients the majority of bone allograft

procedures were not done for life threatening indications and few were done for

tumour sugery (Table 3.3).

There was a high discard rate of 460/o during the foundation year of the South

Australian Bone Bank (Saies et al 1990) but this has been decreased to I4Yo in the

current review. The majority of grafts continue to be rejected as a result of handling

and logistical errors such as incomplete documentation, inadequate screening tests or

poor graft handling at procurement or unused returns.

3.6Yo of grafts were rejected as a result of positive screening tests and the

bacterial infection rate was l.I%. The infection rate has fallen dramatically from the
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initial year when lTYo of grafts had positive cultures. This decline is partly explained

by the inclusion of approximafely 5Yo of grafts which had a light growth of staph.

epidermidis in broth culture. Previous reports of positive cultures have varied from

2.2o/o to 22% (Hart et al 1987); (Kakaiya et al 1990); (Chapman et aI 1992). The

majority of banks perform microbiological screening of bone grafts but the

significance of a positive culture varies with the philosophy of the tissue bank; some

banks discard bone that is found to have bacterial contamination and others will

accept known contamination and rely upon secondary sterilization (Chapman et al

ree2).

All grafts were irradiated with 25 kGy g¿rmma irradiation as recolnmended by

the International Atomic Energy Agency (Van Winkle, Jr. et al 1967) but this may

not be sufficient to inactivate viruses such as HIV (Campbell et al 1994); (Fideler et

al 1994).

Infectious virus diseases continue to be a major concern to allograft banks

particularly when the donor population has a significant prevalence of virus carriers.

The American Red Cross Transplantation Services reported 0.46Yo Hepatitis B

surface antigen positive and 0.3Yo HIV positive (Kakaiya et al 1990) which contrasts

to the South Australian Bone Bank figures of 0.3% Hepatitis B positive and 0.04%

HIV positive. A relative low prevalence of HIV infection amongst donors has been

reported in other Australian blood and tissue banks. Forty six of 5.4 million

Australian blood donations were HIV positive (Kaldor et al 1991) and the South

Australian Lions Eye Bank identified two HIV antibody positive donors and three

hepatitis B positive donors from 790 donors (Williams et al 1990).

Live donors tend to be of the age range least associated with HIV and hepatitis

transmission. A more detailed medical history can be obtained from live donors.

Cadaveric donor bone may be less safe than bone from living donors because of the
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donors age and mode of death (Angermann et al1992). Only 9%o of bone allografts

in this series were from cadaveric donors but it may be an importânt source of bone

in some American tissue banks who receive donors from major trauma including

social violence such as gunshot and knife wounds (Mankin et al 1983). Trauma

patients presenting to trauma centers have a high incidence of HIV from 0.04o/o to

16% (Baker et al I98l); (Behrens etal 1992); I.3% was reported in an Australian

series (Garsia et al 1992). The majority of cadaveric donors in the current series died

from non violent medical illness (Table 3.2) and the estimated HIV prevaience was

0.r%.

It is acknowledged that most HIV figures are imprecise however the estimated

HIV antibody prevalerrce is consistent with findings from blood banks. Australian

blood donations are subjected to similar social screening and have detected 46 HIV

antibody-positive donors in 5.4 million donations (Kaldor et al 1991). The observed

HIV antibod¡r-positive prevalence in the South Australian Bone bank was one in

2176 donors. After social screening only, the calculated prevalence of HIV carriers

is estimated to be 8.35 per million living donors and 54 per million cadaveric donors.

The rate of HIV carriers in Australian bone and blood donors remains very low

and is fuither reduced by the screening methods. For live donors that are subjected to

contemporary screening tests including a repeat HIV antibody test after quarantine

the chance of HIV transmission is almost nil (0.025 per million donors). The risk of

HIV transmission from cadaveric donors (0.2 per million donors) is similar to blood

donors (one in 920 000 (Dax et al1992).

An acceptable risk is poorly def,rned and inconsistent with over-representation

of unusually visible or sensational hazards including acquiring HIV by transfusion or

allograft transplantation (Whyte 1994). Starr and Browning ( 1980) estimate the

involuntary worþlace risk is 0.01 to 0.1 per million fatalities per exposure hour and
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the background risk of death by disease is one per million (Whyte 1994). Using the

estimates of Slovic et al ( 1979) and Starr and Browning ( 1980), a 'safe' allograft

may be defined as a risk of 0.1 per million. Bone allografts from screened live

donors could therefore be considered a 'safe' allograft. This degree of safety has not

been approached by blood transfusions screened for hepatitis C but is closer for

hepatitis B and HIV. The estimated risk of exposure to HIV in Australia is

approximately one per million (Dax et al 1992). The risk of hepatitis B infection is

about five per million in the United States (Dodd 1992) and the risk of post

transfusion hepatitis C is one per 3000 (Donahue et al 1992); (Archer et al 1992).

The risks from other potentially transmitted viruses that are not routinely screened

are unknown. These risks should also be considered in the context of the recipient

surgery which has a mortality of approximately one percent for allograft joint

replacement surgery (Gross 1992) and 0.3Yo to 0.67% for non-allograft joint

replacement surgery (Munay et al 1995); (Campbell et al 1995).

This review would suggest that HIV transmission is a topical but statistically

small problem. In this series a greater number of bones were rejected because of

other virus and bacteria contamination (Table 3.4). Transmissible diseases such as

slow viruses and some hepatitis viruses which are not included in current serological

screens may be of more concern.
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4. STERILIZATION
IRRADIATION IN
MODEL

BY GAMMA
ALLOGRAFT

OF HIV
A BONE

4.1 Introduction

Gamma inadiation is used as means of secondary graft sterilization but

excessive irradiation adversely affects the quality of the donor bone. In high doses it

substantially compromises both mechanical and biological properties of the graft

(Peliet et al 1983). Most viruses are inactivated by 20 to 40 kGy (Sullivan et al I97l)

but it has been reported that perhaps as little as 0.25 to 2.5 kGy may be required to

inactivate HIV (Bigee 1988); (Spire et al 1985).

With the increasing utilization of banked allograft bone there is an urgency to

determine the minimum radiation requirement to inactivate HIV in infected bone

r¡'ithout destroying its integrity. The aim of this work was to determine the minimum

dose of ganìma irradiation required to inactivate HIV utilizing a bone allograft

model.
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4.2 Method

Virus supernatant was obtained from H3B cells (section 2.1.4) and aliquots of

700u1 of cell-culture fluid, containing 5x104 tissue culture infectious dose 50

(TCID5g) of virus per milliliter, were stored at -700 Celsius. Control samples were

thawed and assayed for reverse transcriptase activity (section 2.2.4) and TCIDT,

(section 2.2.3).

Bovine femora and tibia were obtained in lengths of 10 to 15cm (the intra-

medullary contents of which were removed). A vial of virus stock was placed within

each bone in addition to a commercially available dosimeter (Nordion International,

Kanata, Ontario, Canada) and cotton wool padding. The bone ends were sealed with

lead wool to ensure the least radio-opaque window to the virus was at least one

cortical width of bone (Figure 4.1).

The bone and its contents were irradiatedat-100 C (section 2.3.I). The first

five samples served as non-irradiated controls, the next five samples received 10 kGy

of gamma inadiation and subsequent groups received a further five kGy to a

maximum of 40 kGy.

Radiation exposure was measured (section 2.3.I) immediately on completion

of irradiation of each package of five samples, extra-medullary radiation exposure to

each package was established by an external dosimeter.
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infective doses
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Lead Wool

Figure 4.1 HIV infected bone allograft model with virus and dosimeter

within the medullary canal of bovine femur or tibia.
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4.3 Results

Virus inactivation results are illustrated in Figure 4.2. The five non-irradiated

controls demonstrated the maximum response of thirty (CPE positive). Following 10

kGy of irradiation four samples showed no inactivation, one sample had live virus in

four of the six wells suggesting some inactivation. At 15 kGy two samples had

complete inactivation, at20 kGy and 25 kGy four samples had complete inactivation

consistent with considerable virus inactivation. Complete inactivation of virus

occuned when samples were subjected to 30 kGy and 35 kGy. At 40 kGy there was

no evidence of live virus in four samples, but from a fifth sample live virus was

observed in two wells.

Using the intramedullary dosimeter the radiation absorption through a single

cortex of the bovine bone was determined by comparison to the external dosimeter

(Figure 4.3). There was little variation between samples, the coefficient of

determination was 12 : 0.998 with 4.Io/o of the radiation being absorbed (p < 0.01).
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4.4 Discussion

In this study a model was developed to simulate a situation of HIV infected

bone transplantation at a concentration in excess of the maximum known human

dose. The natural history and antibody titres have recently been elucidated and HIV

infection is associated with high titres of virus during an acute virus syndrome

followed by a period of quiescence until clinically recognizable acquired

immunodeficiency syndrome (AIDS) or AIDS related complex has supervened

(Clark et al I99I); (Daar et al I99I). During this acute virus illness infected donors

are not only most likely to go unnoticed because of their absence of symptoms and

detectable antibody production but they have the greatest virus load quantified as 10-

i04 tissue culture infective doses per millilitel of plasma (Clark et al 1991); (Daar et

al I99I). For this infected bone allograft model a virus load of 5 x 104 tissue culture

infèctive doses per milliliter was used approximating the expected maximal

corltamination.

Sterility is a dose dependent measure of probability which is determined by the

unique radioresistance of a given organism, the initial concentration, and radiation

dosage administered. Viruses ale moderately or highly radioresistant and the

sterilizing or inactivating dose varies within 20 to 40 kGy (Sullivan et al 1971). Two

previous reports of irradiated HIV suggested the virus was perhaps uniquely

radiosensitive requiring much lower doses for complete inactivation at 0.25 to 2.5

kGy (Bigee 1988); (Spire et al 1985). A more recent study using a variety of

concentrations of HIV demonstrated that although delayed, infection developed

following treatment with 5.6 kGy (Conway et al1990).

It is known that temperature, state of hydration and oxygenation are important

factors related to radiation sensitivity (Burt et al 1963); (Gardiner et al 1986); (Grecz

et al 1967). The radiation sensitivity is reduced by suspension in media probably
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because of free radical scavengers (Gardiner et al 1986); (Sullivan et al 1971). In

this experiment the current practice of bone allograft banks was simulated by

inadiating the bone allograft model. The model used frozen, non-lyophylised,

aerated media. The bone was not in direct contact with the virus and its purpose was

to simulate the radiation shielding effect that could occur in the medulla of an

allograft bone. Samples were irradiated with dosages of gamma inadiation currently

used in clinical practice. This was done in preference to quanti$ing the exact

radiosensitivity of the virus for which lesser radiation dosages are thought to be

required.

The results demonstrated a significant reduction in the cytopathic effect of the

virus following increments in inadiation after 15 kGy. Between25 kGy and 30 kGy

a sterilizing dose was observed consistent with other RNA viruses (Sullivan et al

r97r).

At 40 kGy live virus was detected in one virusibone sample (from the five

tested) . The significance of this finding is uncertain. The sterilizing dose is an

arbitrarily determined probability of complete virus inactivation and the possibility of

live virus remaining is always present (International Organization for

Standardization. 1993). The detection of live virus may indicate the dose used was

less than the sterilizing dose. Alternatively there may have been an error in the

experiment with the virus aliquot migrating within the bone into the lead wool

encapsulating the bone ends with subsequent shielding of the virus. Contamination

whilst plating the virus into the culture plates could have occurred.

The effect of radiation absorption as gamma rays passed through a single

Bovine cortex was minimal with intramedullary dosimeters recording 95.9o/o of the

extemally recorded dose. It is recommended the amount of inadiation absorbed by

bone (4.IYo) can be ignored for clinical applications.
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From the results of this study the contention that effective sterilization of HIV

infected bone allograft material by gamma irradiation doses as low as 0.25 or 2.5 kGy

as previously reported (Bigee 1988); (Spire et al 1985) cannot be supported. The

experiment suggests that in a bone allograft model utilizing an HIV dose

approximating the maximum known bioburden of virus a significant kill was

achieved with 15 kGy but sterility was not achieved until30 kGy.

The finding of live virus following 40 kGy inadiation was a dilemma that

required further examination. This experiment was done only once but the findings

suggest an alternative method rather than repeat experiments were required. If repeat

experiments had been performed and demonstrated virus surviving 40 kGy

irradiation it would suggest irradiation may be unsuitable for bone allograft

sterilization but the sterilizing dose would remain unknown. Alternatively if repeat

experiments did not demonstrate live virus after 30 kGy or more irradiation it could

be argued that there were insufficient samples (Lieber 1990).

It was suggested that further studies to accurately define the dose-response

curve for HIV were required. It was suggested the virus bioburden in bone be

examined and the radiosensitivity of HIV be determined.
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5. SEMI.QUANTITATIVE
CHAIN RTACTION ANALYSIS

POLYMERASE

5.1 Introduction

Quantitative determination of the HIV load (bioburden) in clinical specimens

requires the measurement of very small quantities of virus. End point dilutional

analysis of infected peripheral blood mononuclear cells has been used but this

method is not applicable to solid tissue or frozen cells which form aggregates and

preclude accurate counting.

Because of the low level of circulating free virus direct detection of HIV in

patient samples is diffrcult without in vitro propagation. Even with co-cultivation the

successful recovery of HIV varies from 10-75% (Kellogg et al 1990). Polymerase

chain reaction (PCR) analysis involves in vitro amplification of specific DNA

segments allowing the detection of a single specific DNA molecule against a

background of 10 5 cells (Saiki et al 1988). PCR has been used to diagnosis

infection of HIV and is at least as sensitive as virus isolation in clinical specimens

(Jackson et al 1990); (Ou et al 1988).

Quantitative determination of HIV copy number in human cells has been

reported. This was done by end point dilutional analysis of HIV PCR signal derived

from infected fresh peripheral blood mononuclear cells that had been counted to

determine cell input (Schnittman et al 1989); (Simmonds et al 1990). Simultaneous

amplification and detection of a single copy human genome and an HIV sequence has

been developed to allow a quantitative assay of HIV infection when the cell number

or DNA input is unknown (Lee et al I99I); (Pang et al 1990a). The simultaneous

amplification and detection method uses an internal control to validate the efficiency

of the PCR reaction. The internal control may also be used to determine the HIV

copy number relative to input cell DNA copy number.
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In this chapter the standard PCR protocol was modif,red to allow quantitative

analysis of samples. The modification of PCR employs synthetic oligonucleotide

primers for amplification that were 5' end-labeled with 32P gamma-ATP, followed by

direct autoradiography of gel-resolved products (Anigo et al 1989); (Lee et al 1991);

(Pang et al 1990a). By using an endJabeled oligonuclide primer the transfer and

hybridization steps used in other protocols were omitted to decrease the number of

PCR cycles. Reducing the cycle number to 25 has maintained PCR reactions in a

quantitative range when validated with other multiple primer reactions (Pang et al

1990b).

5.1.1 Hypothesis

That the modffied quantitative PCR protocol will allow resolution of a 1}-fold

dffirence between samples over a clinically significant range.

Pang et al and Lee et al ( 1990a); l99I) reported resolution of twofold

differences between samples over a 3-log range. The measure of HIV bioburden in

clinical samples required suffrcient accuracy to determine weather the virus

bioburden in bone exceeded that of blood. For the purpose of this thesis a resolution

of tenfold differences was estimated to be a sufficient measure of the HIV load in

clinical samples.

The quantitative PCR method was developed to determine whether the virus

load in bone and cafilage would exceed the known maximum in blood. The

maximum HIV bioburden in blood is 4 x 103 copies per 1 x 106 peripheral blood

mononuclear cells using a coamplified PCR method and end-point analysis (Lee et al

l99l). The minimum number of HIV molecules that can be detected in clinical

specimens may be as few as lperipheral blood mononuclear cells (Kellogg et al
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1990). The clinically significant range of the quantitative PCR method is defined as

I x 10-5 minimum to a maximum of 4 x 10-3 HIV/ HLA copies.
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5.2 Method

5.2.1 Primers and optimization

Several primer pairs were examined for coamplification of a region of the HIV-

I-gag gene and coamplification of a single copy gene to be used as an intemal

control. A I47 base pair region of the HIY-l-gag gene was amplified using P3 and

P4 primers (obtained as a gift from Dr Li Pengs laboratory, Institute of Medical and

Veterinary Science, Adelaide) together with a 258 base pair region of the Beta-

Globin gene using primers 81 and 82 (obtained as a gift from Dr. Hall's laboratory,

Institute of Medical and Veterinary Science, Adelaide). Using an approximation for

the preferred annealing temperature (Thein et al 1986) where;

TM:4(G+C) + 2(A+T)

(G, C, A, T are nucleotide sequences), the preferred annealing temperature was 37o

for the HIY-l-gag gene segment and 42" for the Beta-Globin gene segment.

Temperature difference plus the close proximity of both amplified fragments after gel

electrophoresis produced an unsuitable product for coamplification.

A 115 base pair region of the HIY-l-gag gene was amplified using SK38 and

SK39 primers (Kellogg et al 1990). A242 base pair region of HLA-DQ-cx, gene was

amplified using primers GH26 and GH27 (Saiki et al 1985). This primer pair was

successfully coamplified in the same reaction with an annealing temperature of 56"

(mean of preferred annealing temperatures) and bands were readily separated by

electrophoresis.

5.2.2 Primer radiolabelling

The PCR method was adapted by having one oligonucleotide of each pair

labeled with ¡zP gamma-ATP. The 32P-labeled PCR product was then obtained by

amplification and visualized directly by acrylamide gel electrophoresis,

autoradiography and computer densitometry. The probes GH26 and SK38 were
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independently end-labeled on the 5' terminus using T4 polynucleotide kinase (pNK)

and 32P gamma-ATP (section 2.5.2)

5.2.3 optimization of polymerase chain reaction conditions

Chromosomal DNA was extracted from H3B cells. H3B cells and HUT-7g

cells spiked with 10-z and 10-a H3B cells, and chromosomal DNA from the blood of

an anonymous donor were used to determine optimal pcR conditions.

Serial dilutions of chromosomal DNA from H3B cells were used to assess the

optimum quantity of input DNA. 5ug, 4ug,3ug,2ug,lug, 0.5ug, 0.lug and ten fold

dilutions to 10-5ug of DNA were used in a standard polymerase chain reaction

mixttre. 5 ug/chromosomal DNA equates to 2.5 x 106 cells and 10-5 ug equates to

five cells (Sambrook et al 1989). Inhibition of the HIV or HLA bands was not

observed on microradiographs when DNA concentrations up to 5ug were used.

Further experiments used 5ug of DNA.

The coamplification of these probe pairs has been validated using 25 cycles of

a reaction mixture containing 9mM MgCl2 with an annealing temperature of 56oC

(Lee et al 1991) and these conditions were maintained during the study.

Coamplification of H3B cell dilutions and normal donor chromosomal DNA was

performed with and without the hot start technique (Bloch lgg2) with AmpliWax

PCR gem 100 wax beads (Perkin-Elmer, Roche Molecular Systems, New Jersey,

USA). The precision of diluted H3B DNA was improved with the hot start technique

and less miss-priming was observed. The hot start method was used for all pCR

reactions.
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5.2.6 Sta n d a rd ization of HIVIHLA coa m plificatio n.

The feasibility and quantitative eff,rciency of simultaneous radiolabeled

coamplification was evaluated with H3B cell DNA dilutions. DNA dilutions were

independently subjected to PCR analysis with either one of the radiolabeled pairs or

with both primer pairs simultaneously amplified in the same reaction mixture.

5.2.7 Quantitative polymerase chain reaction

Controlled dilutions of H3B cells were used to evaluate the reproducibility of

coamplified PCR, and to identiff the range of input cell ratios yielding quantitative

results. HUT-78 cells were spiked with ten-fold serial dilutions of H3B cells and

coamplif,red for HIV-l-gag and HLA-DQ-cr sequences. Autoradiographs from the

serial dilutions were analyzed using an image analysis system to obtain precise band

intensities at each input cell level. The results of HIV and HLA band intensities

(OD/mm2) for each H3B/HUT-78 cell ratio were analyzed.
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5.3 Results

5.3.1 Discrete PCR amplifications

Dilutions of 10 -s to 5 ug of H3B cell derived chromosomal DNA were

successfully amplified by the probe pairs GH 26 and GH 27 or SK 38 and SK 39

(Figure 5.1). Radiolabeled bands were separated at all input DNA concentrations and

interfering bands were not observed in the molecular weight range of the PCR

product.

The sensitivity of both primer pairs allowed detection of DNA segments at the

minimal concentration of l0 -5 ug which is approximately five cells per reaction.

Image analysis of the radio-labeled gels demonstrated an approximately linear

relation between input DNA and band intensity.
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Figure 5.L PCR amplifïcation with dilutions of H3B cell

chromosomal DNA. (Ð SK39 and ¡2P-labeled SK38 probe pair detect a

115 base pair region of the HIV-l-gag gene. (B) GH27 and 32P-labeled

GH26 probe pair detect a242 base pair region of the HLA-DQ-a gene. (C)

coamplification using both primer pairs simultaneously detects HIV-l-gag

and HLA-DQ-a genes.
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5.3.2 Coamplifïed PCR

Figure 5.1(C) includes the results of both primer pairs coamplified with serial

dilutions of H3B chromosomal DNA. The two amplified products can be

discriminated in the diagnostic region and no potentially interfering bands were seen.

End point sensitivities of coamplified PCR reactions were similar to discrete

reactions using only one primer pair and signal was detected from the 10-s ug DNA

dilutions.

There was a logarithmic relation between coamplified PCR product and input

DNA. Image analysis of the coamplified products (Figure 5.2) confirmed the relation

between primer pairs over the input DNA range (coefficient of determination for

GH26 was 12:0.86, coefftcient of determination for SK38 was 12:0.91) There was

some signal inhibition when f,rve ug of DNA was used.
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Figure 5.2 Image analysis of H3B cell DNA coamplified with probes to detect

Hrv-l-gag and HLA-DQ-c¿ genes. The HIV-l-gag gene was amplified with ai2p-

labeled SK38 probe and the HLA-DQ-cr gene rwas amplified with a 32P-labeled GH26

probe.
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5.3.3 Quantification by coamplification

Autoradiographs from H3BiHUT-78 cell dilutions showed some variability of

the HLA-DQ-cr signal as seen previously with the discrete and coamplified H3B cell

experiment. The end point sensitivity of HIV signal at the minimum H3B cell

dilution was not adversely affected by the inclusion of a large volume (5 ug) of non

infected chromo somal DNA.

The relation between HIV-gag signal and HLA-DQ-cr approximated the cell

dilutions (Figure 5.3). Using the image analysis system paired autoradiographs were

artalyzed for HIV and HLA band intensity for each input cell ratio (Figure 5.4).

There was a linear relation between the observed HIV/HLA PCR signals and the

input H3B cell dilutions (r2 :0.97, p < 0.01). The curve was linear over a 2-3log

range with H3B cell dilutions of 10-2 to 104 H3B/HUT-78 cells. Differentiating 10-a

and 10-5 dilutions was not accurate.

An individual curve was prepiled for each newly labeled primer pair as primer

labeling altered the probe intensity. Multiple curves were prepared prior to clinical

experiments and the linear relationship was maintained (coefficient of determination

0.79 <12 <0.97, p < 0.05).
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Figure 5.3 Coamplified PCR of HUT-78 cells spiked with H3B cell

dilutions. The HIV and HLA band intensities were analyzed using an

image analysis system for the quantitative PCR method.
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5.4 Discussion

Development of a PCR coamplification methodology was achieved in vitro

with simultaneous quantitative analysis of radiolabeled PCR product from two gene

segments of HIV infected cells. Using the optimized PCR conditions described by

Lee et al ( 199I) it was possible to have an internal control of DNA quantity,

integrity and reaction efficiency. The signal sensitivity determined by end point

dilutional analysis was not adversely affected by the inclusion of the heterologous

HLA primer pair. The coamplification PCR method reflects the competency of each

PCR aloquot and the method should be an accurate method to examine clinical

samples where inhibitors such as iron from blood samples may adversely affect the

reaction mixture.

Using end-labeled oligonucleotide primers fewer PCR cycles are required and

tlre transfer and hybridization steps of conventional PCR method can be eliminated

(Pang et al 1990a); (Anigo et al 1989). End-labeling allows direct quantification of

the reaction product by autoradiography and image analysis. The number of PCR

cycles was empirically determined to maintain the linear part of the curve and the

protocol of Lee et al ( 1991) using 25 cycles was successful.

The current method used the HLA-DQ-a PCR product as the measure of input

cell number rather than measured DNA or cell counts. It was anticipated that in vivo

application of this protocol would involve prepared DNA from clinical samples and

validation with cell counts would not be possible. Lee et al ( l99I) found the

amount of PCR product was proportional to input DNA over a 3 log,o range, These

experiments demonstrated an approximately linear relation between PCR product and

DNA dilutions (Figure 5.1 and 5.2).
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Most PCR protocols use DNA equivalent to 1.5 - 2.5 x 105 cells (Saiki et al

1985); (Kellogg et al 1990). It was possible to increase the input DNA by 10 times

and still detect as few as five cell equivalents per reaction mixture. Unlike Lee et al (

1991) there was some inhibition of PCR product when the DNA content was

increased to five ug per reaction but the end point sensitivities of both probe pairs

was maintained.

The heterogeneity of HIV-I has been extensively documented (Shaw et al

1984); (Saag et al 1988). The HIV primer pair SK 38 and SK 39 (Kellogg et al

1990); (Ou et al 1988) amplify a highly conserved region of the virus genome that

expands the gag sequence area of HIV-I. This sequence is one of the last synthesized

therefore complete or almost complete virus DNA rather than incomplete reverse

transcriptase product is detected.

The DNA extraction method (Sambrook et al 1989) provides chromosomal

DNA and minimal unintegrated (non chromosomal) DNA. Unintegrated DNA may

be detected more frequently than chromosomal DNA in symptomatic patients (Pang

et al 1990a) and over estimate the infected cell ratio when the coamplification

method is used. The current method was validated using the H3B cell line which has

a single HIV genome (Li et al I992a). It is reported that in clinical samples each

infected cell probably has at most four copies of HIV DNA (Schnittman et al 1989);

(Simmonds et al 1990), hence this protocol may over estimate the virus load in

clinical samples.

The quantitative PCR protocol was validated using H3B cells diluted in HUT-

78 cells, the results demonstrated a quantitative relationship over the range 10-2 to 10-

4 H¡B/HUT-78 cells. The sensitivity allowed detection of 10-5 H3B cells. The

hypothesis of this experimental series that 'that the modified quantitative PCR

protocol will allow resolution of a l)-fold difference between samples over a
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clinÌcally significant range' is correct. A standard curve of H3B/HUT-78 cell

dilutions run in parallel with clinical samples allows quantitative analysis without

cell counting or PCR dilution analysis.
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6. SEMI-QUANTITATIVE ANALYSIS OF HIV
INFECTED HUMAN BONE

6.1 Introduction

PCR analysis of clinical samples has been used successfully and a sensitivity of

99.0% for antibody positive, culture positive peripheral blood is reported (Sheppard

et al 1991). Daar et al (199I) used a quantitative PCR method to demonstrate 103'8-

o t /-illiott peripheral blood mononuclear cells (PBMC) were infected during the

window period and 102'3-3't /-illiotr PBMC's were infected during the asymptomatic

infection period. Lee et al ( I99l) used a quantitative PCR method to demonstrate a

rise in the HIV-PCR-units per million PBMC during stage two disease (100.:-r

copies) and stage tlu'ee/four disease (I}z.tt a copies).

There have been no reports of orthopaedic tissues examined by quantitative

PCR analysis.

6.1.1 Aims

The aim of this experiment was to quantiff the virus bioburden in bone from

HIV infected patients.

6.1.2 Hypothesis

I. That the virus bioburden in bone relates to the stage of disease and amount of

virus in peripheral blood mononuclear cells.

That the virus bioburden in bone is not greater than peripheral blood

mononuclear cells.

2.
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The virus bioburden in bone is defined as the ratio of cells infected with HIV.

HIV infection is defined as incorporation of the HIV genome into the host cells

chromosome and includes cells that are actively infected and producing virus and

those that are dormant. Dormant cells that have incorporated the virus genome may

have tlre potential for reactivation and virus production (Zack et al 1992): (Hoxie et

al 1985).

Disease stage is defined by the V/orld Health Organization definition of clinical

disease (Centers for Disease Control 1986). The bioburden of peripheral blood

mononuclear cells is defined as incorporation of the HIV genome and is included to

validate the clinical disease stage and anticipated bioburden of blood. It is

anticipated that blood from patients with stage two disease (asymptomatic antibody

positive) will have a low serum bioburden and patients with stage three and four

disease (symptomatic antibody positive) will have a greater bioburden (Daar et al

I99I); (Ho et aI1989); (Coombs et al 1989).

Peripheral blood mononuclear cells are defined as cells with chromosomal

DNA and are detected by the single gene locus of HLA-DQ-cr. The bioburden of

PBMC's has been defined by semiquantitative techniques (chapter 1.2.4) and it was

anticipated that bone specimens would be contaminated by blood containing

PBMC's.

If the null hypothesis 'that the virus bioburden in bone is not greater than

peripheral blood mononuclear cells'is true, the cells in bone could be infected with

HIV but their bioburden is the same or less than blood.
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6.2 Material and Methods

6.2.1 Patient samples

Ethical approval for the use of cadaveric patient samples was obtained from the

Royal Adelaide Hospital, Adelaide, South Australia (protocol no 92lll2). Samples

were obtained from The NSW Institute of Forensic Medicine, Glebe, New South

Wales by the state coroner (coroners act 1980, Section 48).

Specimens from ten anonymous autopsies were received. Limited clinical

details were available (Table 6.1), all patients were HIV antibody positive, two

patients had AIDS and eight non AIDS patients were believed to have stage two

disease. 10 milliliters of whole blood was obtained and mixed with an even volume

of 70Yo ethanol. One patella from each patient was obtained (the patella was chosen

by the coroner as a convenient source of bone without active red marrow). The

donors blood was washed from the sample during collection and samples were

transported in 7 0%o ethanol.
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Table 6.1 Patient samples for Quantitative PCR.

Patient agelsex disease stage cause of death

A

B

C

D

E

F

G

H

J

K

unknown

31M

unknown

unknown

unknown

unknown

unknown

T7l|(4

27¡/4

32l.l

unknown

AIDS

unknown

unknown

unknown

unknown

unknown

unknown

unknown

AIDS

unknown

drug overdose

unknown

unknown

unknown

unknown

unknown

suicide

pulmonary embolism
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6.2.2 DNA extraction from bone

There is limited literature related to DNA extraction from bone, and four

methods of DNA digestion were examined with bone, these were;

1) Hagelberg and Clegg's ( 1991) modification of Maniatis et al's ( 19S2) method

of decalcification in 50 volumes of 0.5M ethylenediaminetetra-acetic acid

(EDTA) for 72 hours with two changes of EDTA followed by DNA extraction

with EDTA, proteinase-K, and N-lauroylsarcosin.

2) The standard method of Sambrook, Fritsch and Maniatis ( 1989) incubating

bone in a lysis solution consisting of EDTA, proteinase-K, and sodium

dodecylsulfate (SDS) for 18-24 hours was used.

3) An additional modification of Sambrooks method was to extend the digestion

period to 72-78 hours without previous decalcihcation.

4) The alkaline DNA solubilization technique of West ( 1985) incubating for 18-

24 hours in 10mM EDTA adjusted to pH 12.3 withNaOH.

One gram of mortar pulverized bone was digested by each method followed by

DNA extraction and measured spectrophotometrically using OD:260. 0.8u1portions

of the final volume were electrophoresed through 2% Agarose gels with DNA

markers of known size followed by Ethidium Bromide staining to visualize the DNA

under ultraviolet light by standard methods (Maniatis et aI1982).

The 72-78 hour digestion with proteinase-K and sDS gave the most

consistently clear bands and highest yield of DNA spectrophotometrically.

Preliminary decalcif,rcation yielded similar results but were not consistent when

repeated in triplicate.
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For all experiments with bone and cartilage clinical samples the 72-78 hour

digestion with SDS and proteinase-K buffer was used.

6.3 Results

DNA samples were obtained from ten bone specimens and nine blood, a blood

sample was not available from patient E.

Bone and blood derived DNA from an anonymous HIV negative donor was

examined in series, in triplicate, with clinical samples. The HLA-DQ-o genome was

amplified successfully in all samples and the HIY-l-gag band was not.

The HIV-I-gag geîome was detected in all blood samples (Figure 6.1). In two

of three experiments patientF had an interfering band inthe region of the 115 base

pair HIV-1-gag genome and no band in the HIY-l-gag region. The HIV-I-gagband

was observed in one of the three experiments. The 242 base pair segment of the

HLA-DQ-o genome was amplified successfully in all samples.

Quantitative PCR analysis results are swnmarized inTable 6.2. Samples from

patient F were representative of only one successful PCR reaction due to the

interfering HIV region band. For the remaining nine samples the calculated ratio of

infected cells was 10-5 to 10-2 infected/uninfected cells (10+ - 10r cells per 106

PBMC). Samples B and K from patients with stage four disease (AIDS) had 10-2

infected cells (104 cells per 106 PBMC). Samples from patients H and J with

presumed stage two disease had 10-3 and 10-2 infected/uninfected cells (103 and 104

cells per 106 PBMC).

Autoradiographs from bone samples (Figure 6.1) demonstrated 115 base pair

radiolabeled PCR product in all samples confirming detection of the HIY-l-gag
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genome. There was a consistent finding in the triplicate analysis of clinical samples

of the absence of the 242base pair HLA-DQ-a band from patient C and a weak band

from patients A, E, F and J.

Image analysis of the radiolabeled PCR bands from bone samples confirmed

the observation of autoradiographs that the intensity of the HLA-DQ-cr band was less

than that of the HIY-l-gag band. The HIV/HLA band intensity ratio from seven

samples exceeded the infected cell controls and from sample C the absence of a

HLA-DQ-a band invalidates the intensity ratio method.
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Figure 6.1 PCR coamplification of blood and bone from ten HIV

infected patients. Detection of the 115 base pair HIV segment indicates

HIV infection with incorporation of HIV into the host cells chromosomal

DNA. A242 base pair segment of the HLA-DQ-cr genome is included as an

internal control of PCR efficiency and to determine the HIV copy number

relative to cell copy number.
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Table 6.2 PCR coamplifïcation of clinical samples. Combined results of

three PCR experiments.

SAMPLE BLOOD

(log,n HIV infected cells)

BONE

(logrn HIV infected cells )

A

B

C

D

E

F'

G

H

J

K

.|

a

-5

/)

CONTROL

>-2

1

-J

.|

.'

>-2

>-2

HIV

>-2

>-2

>-2

>-2

1-L

a

>-2
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6.4 Discussion

The HIV positive status of the ten clinical samples was confirmed by the PCR

technique. Quantitative PCR results of blood samples suggest a virus load of 101-a

HIV-PCR-units per 106 PBMC and six of the nine samples had 104 HIV-PCR-units

per 106 PBMC. These results differ from the results of Lee et al (I9gl) who reporr

maximal figures of 103 HIV-PCR-units per 106 PBMC during as¡rmptomatic

infection and 103 6 HIV-PCR-units per 106 PBMC during stage three and four

disease. Daar et al ( 1991) reported 1032 HIV-PCR-units per 106 PBMC during

asymptomatic infection.

Two patients had stage four disease, two were presumed stage two as they were

antibody positive but apparently asymptomatic and had no pathological evidence of

stage three or four disease on the autopsy findings. Six patients were of unknown

disease stage. Quantitative results from patients with stage four disease were not

greater than results from the unknown patients as expected and one of the presumed

stage two patients had 10a HIV-PCR-units per 106 PBMC and the other 103 HIV-

PCR-units per 106 PBMC. It was anticipated that patients with stage two disease

would have a lower virus bioburden than stage three and four patients but this finding

was not observed.

HIY-I-gag was detected in all bone samples consistent with previous reports

using non-quantitative PCR (Roder et al 1992) and co-cultivation methods. In one

patient sample the HLA-DQ-o genome was not detected after three PCR experiments

and the HIV/HLA ratio method of determining the virus bioburden is invalidated.

Seven of the ten samples had an HIV signal intensity greater than the HLA internal

control signal and the HIVÆ{LA signal intensity ratio was greater than that of

infected cell controls for these patients and the quantitative PCR method was invalid.
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The results suggest failure of the quantitative method from relative inhibition

of HLA-DQ-a detection. HIV infected PBMCs include four or less copies of HIV

DNA (Schnittman et al 1989); (Simmonds et al 1990) and it is unlikely that bone

cells should include more. There is general correlation between the copy number of

DNA and titres of infectious HIV in PBMC (Daar et al 1991). It is unlikely the

quantitative PCR results in this experiment are valid as the results would suggest

virus titres greater than previous observations of serum, PBMC and lymph nodes

from AIDS patients (Daar et al 1991); (Ho et al 1989); (Coombs et al 1989); (Harper

et al 1986).

It is likely that inhibition of HLA-DQ-a detection had occurred and this was

demonstrated by the complete inhibition seen in one bone sample. Inhibition of

HLA-DQ-cr detection may also account for the greater virus bioburden than

anticipated from the blood samples.

The hypotheses;

l) that the virus bioburden in bone relates to the stage of disease and amount

of virus in periphet"al blood mononuclear cells, and

2) that the virus bioburden in bone is not greater than peripheral blood

mononuclear cells.

cannot be assessed by the quantitative PCR method as the method was invalid

when applied to clinical samples of bone and possibly blood samples.

Inhibition of HLA-DQ-a detection was not seen with DNA dprived from cell

culture. It is suggested that the cause of failure resulted from DNA preparation of

clinical samples, the inclusion of inhibitors relatively specific for HLA-DQ-o

detection, or relative inefficiency of the probes to HLA-DQ-cr when using less pure

DNA from clinical specimens. Suggested methods to overcome these deficiencies

include using an altemate DNA extraction technique, changing oligonucleotide

109



probes or alternative methods such as in-situ-PCR. Some of these methods may be

available in other laboratories but this technology was not available in the Human

Immunodeficiency Laboratory, Institute of Medical and Veterinary Science at the

time of writing. It was elected to use an alternate method by study of the in vitro

susceptibility of the major cells of bone to HIV infection.
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7. HIV INFECTION OF HUMAN CARTILAGE

7.1. Introduction

Cartilage allografts are an important source of tissue for head and neck

reconstruction surgery and have been used successfully in osteochondral allografts.

Cartilage is also an important contaminant of many bone allografts. The success of

cartilage allografts may be due to the relative isolation of the chondrocyte in its

matrix (McGlynn et al 1981), cartilage is avascular and the mucopolysaccharide

matrix forms a barrier to blood and immune cells. Viable allograft cartilage has been

identif,red after seven years (Kandel et al 1985) and biopsies of osteochondral

aliografts have demonstrated live chondrocytes six years after transplantation

(Czitroom et al 1990).

Human chondrocytes are considered not susceptible to HIV infection through a

CD4-dependent mechanism as they lack this receptor (Bujia et al 1993b). Other

mechanisms leading to possible HIV infection of chondrocytes have been examined.

In vitro cell-free HIV infection of chondrocytes has been examined by two research

centers with differing results (Ikeuchi et al 1990); (Bujia et al 1993a), the

susceptibility of chondrocytes to HIV infection remains unclear.

In vivo infection of human cartllage with HIV has not been reported and is

addressed in this chapter. The aim of this study was to examine cartilage from HIV

infected patients for evidence of HIV infection.

7.1.1 Hypothesis

The in vivo susceptibility of human cartilage to HIV could be determined.
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The method used to determine HIV infection of clinical samples must enable

sufficient sampling to include an amount of tissue likely to be infected and have

sufficient sensitivity of HIV detection.

The amount of tissue sampling required was estimated from the anticipated

virus bioburden. Chondrocytes are mesenchymal cells and many of these cell types

have been infected with HIV in vitro with varying expression of HIV. 200lo of some

cell lines express HIV proteins and increase to more than 80% in long term culture

(Ikeuchi et al 1990); (Clapham et al 1983). Mellert et at ( 1990) found less HIV

susceptibility with 0.1 - 0.5% of HIV infected fibroblast cell cultures from infected

patients, and with in vitro studies they infected a maximum of 5olo tumour cells and

10% of embryonic lung cells. Ikeuchi et al ( 1990) infected chondrocytes invitro and.

found virus production only after co cultivation with lymphocytes which suggests a

minimal bioburden.

The semi-quantitative PCR method developed in chapter five uses 5ug of

chromosomal DNA which is equivalent to 2.5 million cells. If only 0.1%o of

chondrocytes are HIV infected a 5ug DNA sample of human cartilage should include

2.5 x 103 infected cells. The sensitivity of the quantitative PCR method allows

detection of five cells per re4ction mixture which is 500 times the anticipated

minimum bioburden if human chondrocytes are infected in vivo. The quantitative

PCR method should be suffrciently sensitive to conclude a negative result is a true

negative.
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7.2 Results

Autoradiographs (Figure 7.1) demonstrated delineation of the 115 base pair

HrY-r-gag region and 242 base pair segment of the HLA-DQ-o genome with no

interfering bands. HUT-78 cell and HIV negative donor cartilage DNA included as a

negative control was amplified in all experiments and the 115 base pair HIY-I-gag

region was not detected.

The two primer pairs detected from cartilage specimens and H3B cell dilutions

had HIV and HLA specific bands that were successfully amplified. Detection of the

HIY-l-gag region in chromosomal DNA from nine samples indicates in vivo

infection of human cartilage with HIV.

PCR product was not detected from patient F after three PCR and repeated

DNA digestion and extraction. Samples were examined in triplicate but PCR

product was obtained from patients A, B, and D in only one experiment after repeat

DNA extraction.

Semi-quantitative PCR analysis results are summarized in Table 7.1. The

calculated ratio of infected cells was 10-2 to <10-s infected/uninfected cells.
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Figure 7.1 PCR coamplification of blood and cartilage from ten HIV

infected patients. Detection of the 115 base pair HIV segment indicates

HIV infection with incorporation of HIV into the host cells chromosomal

DNA. A242 base pair segment of the HLA-DQ-cr genome is included as an

internal control of PCR efficiency and to determine the HIV copy number

relative to cell copy number.
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Table 7.1 PCR coamplification of human cartilage. Combined results of

three PCR experiments.

SAMPLE BLOOD

(logrn HIV infected cells)

CARTILAGE

(loglo HIV infected cells)

A

B

C

D

E

F

G

FI

J

K

.|
-z-

¿ì

-5

1-L

CONTROL

.¿-z

.,
-L

-J

a

a

.|
-2.

-2

a
-J

<-5

ô-J

-5

-5

a
-L

a
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7.3 Discussion

In vivo infection of human cartilage has been determined in this study. HIV

was detected in all samples where PCR analysis was effectively achieved. One of the

ten samples did not react suffrciently to produce detectable radiolabeled PCR product

despite repeat DNA digestion and extraction, the failure of this specimen to react

may relate to the quality of the extracted DNA or the presence of inhibitors.

Human cartilage is avascular and the specimens examined were intact and

macroscopically normal. In addition the specimens were thoroughly washed and not

contaminated with blood or other body fluids, it therefore is assumed that the HIV

DNA detected resided in infected chondrocytes. In nine of the ten samples where

PCR product was obtained, HIV infection was identified in l0-2 - l0r cells. In the

current study a finding of up to lYo HIV infection of chondrocytes in vivo is

consistent with in vitro findings of HIV infection in cells of mesenchymal origin

(Mellert et al 1990); (Ikeuchi et al 1990).

The mechanism of HIV infection of chondrocytes in vivo remains unknown.

The mean 'pore' size of human cartilage is approximately the size of the serum

albumin molecule (Maroudas 1979), therefore cell-to-cell HIV transmission is

prevented but cell-free infection is possible. HIV infection independent of the CD4

receptor by phagocytosis and endocytosis has been reported (Tateno et al 1989);

(Clapham et al 1989); (Harouse et al 1989) and it may be that this mechanism is

effective in vivo with human cafülage. The differing results of in vitro infection of

human chondrocytes (Bujia et al 1993a); (Ikeuchi et al 1990) cannot be explained by

this study but the current results suggest chondrocytes can be infected under

appropriate conditions.
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The results are consistent with the finding of HIV in synovial fluid from HIV

infected patients (Wirthington et al 1987). HIV arthropathy is described (Foster et al

1988) and it may be that chondrocyte infection is related to this clinical problem. In

the present study the symptoms, function and microscopic appearance of the

chondrocytes was not assessed so the clinical role of chondrocyte HIV infection

remains unknown. In the context of systemic HIV infection cartilage may be a

potential site for HIV infection. Although HIV infection from cartilage allografts has

not been reported, the authors do not agree with Bujia et al ( I993a) who suggest

cartilage allografts may be less likely to transmit HIV than other allografts. Instead,

cartilage allografts from donors of unknown HIV status should be vigilantly screened

for the possible presence of HIV.

It may be possible to secondarily sterilize the allograft to further reduce the risk

of HIV transmission. Inadiated cartilage allografts have been successful in short

term animal models (Takahashi et al 1992) but the finding of live allograft

chondrocfes in successful hunan cartilage allografts suggests viable chondrocytes

may be obligatory to their success (Czitroom et al 1990) and irradiated allografts may

not survive long term in humans.
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8. HIV INFECTION OF HUMAN BONE
DERIVED CELLS

8.1 Introduction

HIV has been cultured from the bones of HIV infected patients (Buck et al

1990); (Merz et al 1991); Q'{yberg et al 1990) and it has been detected in DNA from

the bones of infected patients by polymerase chain reaction analysis (Roder et al

1992); (Salzman et al 1993). It is not clear from studies of human bone that the bone

specimens are infected or contaminated by HIV infected blood. There have been no

reports documenting HIV infection of human bone at the cellular level.

Culture of human bone derived cells has been reported (Aufmkolk et al 1985);

(Beresford et al 1983); (Piche et al 1989); (Robey er al 1985b). These cells are

osteoblastic and may be studied in a controlled environment with the potential to

assess in vitro infection with HIV. They do not include haemopoitic or endothelial

cells (Graves et al 1996).

8.1.1 Aims

The aim of this experiment was to determine if a human bone derived cell line

could be infected with HIV using ideal in vitro conditions.

8.1.1 Hypothesis

That human bone derived cells can be infectedwith HIV.
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8.2 Methods

Two systems of HIV infection were examined using an eight week incubation.

Receptor based infection of the bone cells was examined using co-cultivation of

human bone derived cells with virus obtained from a clone of productive

lymphocytes from which the supernatant has been shown to include complete

infectious virus. Infection via a cell-to-cell method was utilized via co-cultivation

with chronically infected lymphocytes as described by Li et al (r992a); 1992b).

Infection of the human bone derived cells was defined as;

1) virus induced cytopathic changes or giant cell formation,

2) immunofluorescence of virus antigens,

3) reverse transoliptase activity (an indicator of virus production),

4) infection of co-cultivated human T-lymphoid cells receptive to HIV, and

5) incorporation of virus DNA into the bone cell genome.

8.2.2 HIV infection of human bone derived cells

'fhe cell-free infection format was established with I0% volume virus

supernatant added to the culture system. Human bone derived cells were chronically

incubated with fresh virus supernatant added at day 0, 30 and 45.

Pre treatmenf with DEAE-Dextran incubation (section2.2.3) to enhance virus

absorption (Duc-Nguyen 1968); (Levy et al 1985) was examined. 1% DEAE-

Dextran (100 micro liters/ml) was added to human bone derived cells, incubated at

37" for 30 minutes, then inoculated with 10% volume virus supematarÍ for two

hours. Cells were washed three times with phosphate buffered saline, resuspended in

culture medium and plated in24 well plates.
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When the cell-to-cell transmission method was used H3B cells were spun

down, washed with serum free RPMI-1640, resuspended in growth medium and

immediately co-cultured with human bone derived cells at a density of 5x103 H3B

cells/ml suspended in DMEM. The cell density was modified during regular medium

changes which removes a proportion of the H3B cells (suspension cells) to maintain

a simultaneous culture of both cell types.

8.2.3 Microscopy

Cells were examined daily for the first seven days, then before and after

medium changes three times per week. Light microscopy observations were made

for cytopathic changes and the formation of multinucleated giant cells, or syncytia.

HUT-78 cells were incubated with virus or H3B cells as the positive controls and

consistently demonstrated giant cell formation and cytopathic changes.

8.2.4 p24 antigen immunofluorescence

Cells were routinely removed from the 24-plate culture system on days one,

three, five and seven, then weekly after inoculation and examined for the expression

of p24 core antigen by immunofluorescence (section 2.2.2). Cells cultured in 25cm

flasks were examined only at eight weeks post inoculation.

p24 antigen positive cells were evaluated using a Zeiss fluorescence

microscope and graded negative, indeterminate or positive immunofluorescence.

Non-infected HUT-78 cells were the negative controls and H3B cells were the

positive controls which consistently immunofluoresced.
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8.2.5 Reverse transcriptase activity

Half volume medium changes from human bone derived cells inoculated with

virus supernatant were stored from days three, five, seven and then weekly for a

seven week period. Supernatants were frozen at -20" until thawed for reverse

transcriptase activity analysis (section 2.2.4).

The cell-to-cell infection system was not examined by reverse transcriptase

analysis because H3B cells actively produce virus and have elevated reverse

transcriptase activity which would mask virus production of the human bone derived

cells.

H3B cell virus supernatant was the positive control and Human Bone Derived

Cells cultured in non infective media was the negative control.

8.2.6 Lymphocyte co-cultivation

Subcultures of the cell-free infection system were co-cultivated with HUT-78

cells acting as indicator cells of HIV infection. On days 7, 14, 21, 28 and 35, after

virus supernatant inoculation the cells were washed three times in phosphate

buffered saline and HUT-78 cells were added to the cultures at a density of 1x105

cells/ml and observed for syncitia formation daily for ten days. Half volume medium

changes were continued three times per week. At ten days the medium was carefully

removed leaving the majority of the HUT-78 cells in suspension. The slides were air

dried, fixed and stained for p24 antigen immunofluorescence as previously.

The HUT-78 cells which are small round suspension cells were readily

differentiated from the larger adherent bone derived cells. The co-cultivation method

was not applied to the cell-to-cell infection system as it was not possible to remove

all the H3B cells and avoid a false positive result.
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HUT-78 cells incubated with virus were the positive control and consistently

demonstrated giant cell formation, cytopathic changes and positive

immunofluorescence.

8.2.7 Polymerase chain reaction:

Human bone derived cells incubated for eight weeks with virus supernatant or

H3B cells were analyzed for the inclusion of virus DNA into their genome. Semi-

quantitative assessment of HIV incorporation utilizing a modification of the co-

amplification method of Lee et al ( 1991) was used (section 2.5.5).

Human bone derived cells were grown to subconfluence in 25 cm flasks and

infected with either virus supernatant or H3B cells at weeks 0, 3 and 6. Complete

medium changes were performed three times per week.

H3B cells diluted in HUT-78 cells were the positive control for PCR reactions.

A standard curve of HIV/HLA probe intensity and H3B/HUT-78 cell dilution was

constructed in duplicate. Non-infected human bone derived cells were used as the

non-infected control group.
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8.3 Results

8.3.1 Cell-free virus infection

There was no difference in the light microscopic appearance in the cell-free

system compared to the negative controls during the period of incubation. No

cytopathic changes were observed and giant cells were not seen.

Dilutions of virus supernatant þositive controls) were inoculated with HUT-78

cells and produced a TCIDT¡ greater than 10s. The infected HUT-78 cells usually

demonstrated giant cell formation within three days for virus that had been diluted up

to 1/100 and usually within five to seven days for greater dilutions. These findings

were not seen with the human bone derived cells which had been inoculated with

iclentical virus supem atant.

8.3.1.1 Reverse transcriptase activity

Figure 8.1 is the result of reverse transcriptase activity of Human

Immunodeficiency Virus infected human bone derived cells from the cell-free

infection model including non-infected human bone derived cells as a negative

control. Supernatants obtained from H3B cell cultures routinely had greater than

40,000 counts/millilitre. Elevations in reverse transcriptase activity from the human

bone derived cell supernatants was seen only after the addition of fresh virus

supernatant. The virus supernatant added to the culture system has reverse

transcriptase activity which decreases at a rate determined by absorption and cell

metabolism, the difference in reverse transcriptase activity between samples is a

normal variation in these parameters. Virus supernatant was added on days 0, 30 and

45, and a subsequent rise in the reverse transcriptase activity was seen up to five days

following this inoculation. Following half volume medium changes there was a rapid

dilution of the reverse transcriptase activity suggesting no de novo production of

reverse transcriptase activity from the culture system.
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8.3.1.2 p24 antigen immunoflorescence

Immunofluorescence was graded as definite immunofluorescence,

indeterminate immunofluorescence, and no immunofluorescence above background.

Cells were generally readily differentiated to either definitely infected or not infected,

and an indeterminate pattern was infrequently observed. There was no evidence of

p24 antigen immunofluorescence from cells examined at intervals using a 24-well

plate system. Human bone derived cells that had been cultured for eight weeks in

25cm flasks demonstrated an indeterminate result. There was some activity above

background in a random distribution but corresponding to the cytoplasm of several of

the human bone derived cells (Figure 8.2). Cells from this culture system were

examined by PCR and found not to contain HIV DNA.

t2s



Figure 8.2 p24 antigen immunofluorescence of human bone derived

cells chronically incubated with IIIV for eight weeks. There was some

activity above background in a seemingly random distribution but

corresponding to the cytoplasm of several of the human bone derived cells.

Magnification, x40.
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8.3.1.3 Lymphocyte co-cultivation

When HUT-78 cells were added to the cultures as indicator cells they rapidly

overran the more slow growing human bone derived cells. With half volume

medium changes it was possible to continue the HUT-78 cell line until slides were

made for immunofluorescence at 10 days. When infected with virus supernatant or

H3B cells for a positive control, the HUT-78 cells rapidly coalesced to form giant

cells and immunofluoresced within three to five days.

There were no cytopathic changes or giant cells observed when the HUT-78

cells were added to the cell-free infection system. Stides were removed for

immunofluorescence at day 10. The human bone derived cells had been largely

oveffun and limited numbers remained upon the fixed slides, most of the HUT-78

cells rvhich are smaller suspension ceils were retained during fixation. The HUT-78

cells and the iimited number of human bone derived cells did not immunofluoresce.

8.3.2 DEAE-Dextran treated cells

The DEAE-I)extran treated cells were inoculated with virus supernatant and

maintained in culture for three weeks. There was no evidence of cytopathic changes

of the human bone derived cells or giant cell formation.

The human bone derived cells did not immunofluoresce. HUT-78 cells which

had been added as indicator cells showed no evidence of syncitia formation and did

not immunofluoresce for p24 antigen at 10 days.

8.3.3 Cell-to-cell infection of human bone derived cells

When human bone derived cells of at least 90% confluence were infected with

H3B cells they were overrun by this rapidly dividing cell population when inoculated

by more than 1x105 cells/ml. The culture system was successfully established using
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5x104 H3B cells and medium changes adjusted to remove excess H3B cells. Usually

75-100% medium changes were required three times per week to maintain viable

cultures of both the human bone derived cells and H3B cells.

The human bone derived cells established in culture with H3B cells showed no

evidence of cytopathic changes. The H3B cells showed no evidence of fusion with

the human bone derived cells or other H3B cells.

H3B cells do not have the CD4+ receptor and do not coalesce to form syncitia.

When H3B cells are added to receptive cells such as HUT-78 cells they fuse to form

giant cells (Li et al 1992a) and this was confirmed in a subculture of the H3B cells

added to HUT-78 cells þositive control).

8.3.3.1 p24 antigen immunoflorescence

Cells examined by p24 antigen immunofluorescence for seven weeks showed

no evidence of fluorescence. The majority of H3B cells had been washed away after

three saline washes and were readily differentiated from the larger adherent human

bone derived cells.

From a separate experiment of human bone derived cells co-cultivated with

H3B cells in 25cm flasks, cells were removed and re-seeded onto glass microscope

slides. Forty eight hours after adherence of the human bone derived cells, they were

washed three times with phosphate buffered saline, fixed and examined for p24

antigen immunofluorescence. The result was indeterminate with some activity above

background in occasional human bone derived cells (Figure 8.2).
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8.3.4 Polymerase chain reaction

One flask of each of the cell-to-cell and cell-free infection methods was

infected with bacteria and discarded. Two 25cm flasks inoculated with the cell-to-

cell infection method and two flasks inoculated by the cell-free infection method and

one non infected human bone derived cell negative controls were available for PCR

analysis.

Discrete HLA-DQ-a bands were seen in all reactions confirming satisfactory

PCR reactiorr conditions and DNA quality. The HIV-L-gagband was detected in all

positive controls and not with negative controls. No HIV bands were seen with the

cell-free infection model suggesting the absence of incorporation of HIV DNA into

the host cell genome (fig. 8.5). Faint bands of the HIV DNA segments were present

in all PCR reactions from the cell-to-cell infected model. Quantification of the band

intensity ratios of HIV/HLA band regions demonstrated O.lYo infected cells in PCR

reactions from otre flask and less than 0.001% infected cells from the other flask.

This result is consistent with some residual H3B cells remaining after saline washing

or infection of less than one per thousand human bone derived cells.
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Figure 8.3 Electrophoresis of radiolabeled PCR product from

Human Bone Derived Cells incubated with HIV virus or H3B cells for

eight weeks.
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8.4 Discussion

In culture human bone derived cells synthesize predominantly Type I collagen,

express high levels of alkaline phosphatase under appropriate culture conditions

(Beresford et al 1986) and synthesize the bone/dentine specific protein osteocalcin

establishing the validity of using human bone derived cell populations to study cells

of the osteoblast lineage (Beresford et al 1984); (Aufmkolk et al 1985); (Marie et al

1989); (Chavassieux et al 1990); (Wergedal et al 1984); (Crisp et al 1984); (Robey et

al 1985a); (Ashton et al 1985).

For the cell-free infection system used in these experiments the minimum virus

titre was 105 TCIDs'/ml which is at least 10 times the maximal in vivo virus titre in

human infection (Daar et al 1991); (Ho et al 1989). Virus absorption was further

enhanced by DEAE-dextran pre treatment in some of the cell-free infected human

bone derived cells.

The human bone derived cells did not demonstrate virus production when

infected with virus supematant as detennined by microscopic changes, co cultivation

and revelse transcriptase activity. Other mesenchymal cell lines (fibroblast and

osteosarcoma cells) have been infected by the cell-free system and syncytia were seen

at 14 days with nearly 100% of cells infected at three weeks (Mellert et al 1990).

Revelse transcriptase levels rise in parallel with the formation of syncytia formation

and when lymphocytes were added to this system as indicator cells syncytia were

observed. Continuous observations of HIV inoculated human bone derived cells did

not demonstrate these changes despite the duration of culture exceeding those

reported in other series. Previous studies have used limited periods of HIV virus

incubation (up to 48 hours) with and without DEAE-dextran pre-incubation, a longer

incubation period with chronic virus inoculation for the duration of culture was used.
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p24 antigen immunofluorescence of cell-free HIV inoculated human bone
derived cells for seven weeks did not show evidence of infection of the human bone
derived cells or co cultivated lymphocytes. At eight weeks an indeterminate result
was observed but this does not imply infection as polymerase chain reaction analysis
of the samples failed to demonstrate virus DNA segments. It is concluded that
human bone derived cells are not susceptible to cell-free mediated infection with
ideal in vitro conditions.

some mesenchymal cells are susceptible to HIV infection with the cell-to-cell
infection method but not with the cell-free format . Ikeuchi et al (1gg0) reported
chondrocytes had become infected after 20 days of cell-to-cell HIV infection detected
by co cultivation with indicator lymphocytes and polymerase chain reaction but not
with reverse transcriptase activity , p24 antigen production or immunofluorescence.

Human bone derived cells inoculated with the cell-to-cell infection format were not
susceptible to HIV infection despite prolonged co cultivation when assessed by
microscopy and immunofluorescence. It is concluded the cells are not susceptible to
productive HIV infection.

Levy ( 1993) and Embretson e/ al ( 1993) have identified latent infection in
lymphoid cells with polymerase chain reaction techniques. The HIV infected cells
contained HIV DNA but 95vo did not express sufficient viral RNA, and HIV
infection in these cells could not be detected by microscopy, immunofluorescence or
reverse transcriptase activity. PCR analysis of human bone derived cells inoculated
with the cell-to-cell infection format demonstrated less than one HIV infected cell per
10s human bone derived cells in one experiment, and one HIV infected cell per lQ:
human bone derived cells in another experiment. It is possible that the infected cells
detected by PCR were H3B lymphocytes used in the cell-to-cell infection format that
had not been removed from the culture system prior to DNA extraction.
Alternatively, latent infection may have been established in the bone derived cells
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with no apparent expression of the provirus genome. Because of the sensitivity of

the PCR technique it is not possible to differentiate between the detection of an HIV

infected lymphocyte or the detection of latent infection of a human bone derived

cell. This is discussed further in section 10.1 Directions for Future research.

Latent HIV infection of human bone derived cells is at most very infrequent

despite the favorable in vitro experimental conditions. It was concluded that under

ideal in vitro conditions human bone derived cells are resistant to HIV infection

using the cell-to-cell method

This observation is in contrast to the work of Merz et at ( 1991) who

successfully infected whole pieces of bone with virus supernatant or HIV infected

lymphoid cells and observed antigen immunofluorescence and reverse transcriptase

activity at six days. The cells in the infected bones were susceptible to both cell-free

infection and cell-to-cell infection with a rapid production of virus that has not

previously been reported in non lymphoid cells. It is suggested that these workers

may have infected the non osteoblastic cells in the whole bone infection system as

previously reported (Freedman et al 1991); (Folks et al 1988).

8.4.1 Conclusions

The hypothesis 'that humqn bone derived cells can be infected with HIV. was

not proven when examined by traditional methods to assess productive virus

infection including syncytia formation, reverse transcriptase activity and antigen

(p24) expression by cell-free infection. The hypothesis was not proven with a more

comprehensive indicator cell co cultivation and polymerase chain reaction technique.

When the hypothesis was assessed using the cell-to-cell infection model it was not

proven with assessment of syncitia formation and antigen immunofluorescence.

Latent cell-to-cell HIV infection of human bone derived cells may have been
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established but was at most very infrequent. It is concluded the hypothesis,that

human bone derived cells can be infected with HIV'is not true for productive HIV

infection but further work is required to determine if infrequent latent infection may

occur.

It is clearly established that bone from HIV infected patients may contain the

virus and procedures to minimize infection from HIV infected bone cannot be

relaxed. It is unlikely that bone cells will contribute signihcantly to an HIV reservoir

in excess of the amount of virus from blood found in the donor bone. It would be

prudent to assume bone to have a bioburden similar to serum which is 10a TCIDTo/ml

during the window period (Daar et aL l99l), 30 TCIDso/ml during the asymptomatic

period and 3500 TCIDTo/ml for patients with stage four disease (Ho et al 1989).

HIV infection is of considerable interest to bone allograft banks because of the

potential of not detecting an HIV infected donor during the antibody negative period

of disease which is three to six weeks (Haseltine 1938); (Redfield et at lggg);

(Gaines et al 1990). The in vitro inoculation of human bone derived cells with HIV

was examined for eight weeks and it is concluded that bone is not productively

infected during this time frame, but the potential for limited latent infection may

exist. Methods to sterilize bone should be assessed by their efficacy to inactivate the

virus in blood contaminating the graft and in a lesser number of potentially infected

lymphoid and myeloid cells. It is suggested that methods to detect HIV directly from

a bone graft (Merz et aI1992) may not be as sensitive as examining the donors blood

which is likely to have a greater virus bioburden.
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9. INACTIVATION OF
IRRADIATIOT{

HIV WITH GAMMA

9.1 Aims

The aim of this chapter was to quantifu the inactivation of human

immunodeficiency virus by gamma inadiation to assess the application of this

sterilization method to HIV infected bone allografts that have not been detected by

routine bone bank screening.

9.1.2 Hypothesis

l. Inactivation of HIV occurs as a first order reqction with doses of

irradiation clinically relevant to bone allografts.

2. A sterility qssurance level of 10-6 probabitity of infection is not

achieved by irradiating potentially HIV infected bone allografts with 25 kGy of
gammq inadiation.

Previous experitnents of virus inactivation with gamma inadiation have shown

a first order reaction (Gardiner et al 1986) and it was anticipated that this would be

demonstrated with HIV. If this first hypothesis was proven, the second hypothesis

and primary aim of this work could be addressed. From previously studies it has

been questioned whether HIV can be inactivated by the currently recommended dose

of 25kGy. It may be that the recornmended dose will inactivate most of the virus

contaminating bone but the hypothesis requires additional virus inactivation to

achieve the sterility assurance level. The sterility assurance level is arbitrarily

determined and most standards accept a 10-6 probability of virus survival.
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9.2 Results

Productive infection was observed in all HUT-78 cell cultures inoculated with

controls or irradiated samples but varied in the virus titre. In most instances the

presence of giant cell formation was evident by day five particularly when HUT-7g

cells had been inoculated with large titres of virus (Figure 2.1) but with increased

virus dilutions giant cells appeared later and were less frequent. A limited number of

equivocal results were differentiated by day nine observations of cytopathic effect

and giant cell formation.

There was universal agreement with p24 antigen immunofluorescence and

microscopic observations of HUT-78 culture cells harvested for antigen

immunofluorescence.

The virus titration results calculated by the TCID56 method were subjected to

linear regression analysis and values were derived from the regression curves. 23

samples were available for analysis from two independent irradiation episodes, a

number of samples were lost due to events independent of the inadiation and titre

calculation (bacterial contamination of the HUT-78 cell culture plates).

There was a linear relationship between the logarithm of the biological activity

of the virus and the radiation dose delivered, the co-efficient of determination was

0.953, and p < 0.001. The linearity of the decrease in virus titre (log10 TCID56/ml)

as a function of the radiation dose indicates that the inactivation of HIV is a first-

order process. From the radiosensitivity curve of HIV infected HUT-78 cells (Figure

9.1) the inactivation rate was -0.1134 log,o TCID56/mllkGy (95yo confrdence

intervals, -0.1248 - -0.1020). The radiation dose that provides a 90%io reduction of

biological activity (D-10 value) was 8.82 kGy.
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9.3 Discussion

Irradiation of HIV in serum maintained on dry ice at approximately -70' results

in an inactivation rate of 0.113 TCID5¡ dose per ml per kGy over a range of

irradiation doses that are clinically relevant to bone allograft specimens. The results

correspond to those of Hiemstra et al ( 1991) who reports the largest previous study

of 11 HIV samples. The D-10 value of the current study was 8.82 kGy and is

comparable to the D-10 value of eight kGy calculated by Hiemstra et al. These

results comespond to reports of the irradiation inactivation of HIV where studies on

smaller sample sizes have suggested the D-value to be 6.10 kGy (Kitchen et al 1989)

and greater than four kGy (Conway et aL1991). The D-values for HIV approximate

those of other viruses and retro-viruses (Bassin et al 1978); (Latarjet 1970);

(Rainbow et al1972) but HIV is one of the more radioresistant viruses.

The slight difference in susceptibility of HIV to gamma irradiation between the

current and reported studies is not clear. The current study and that of Hiemstra et al

( 1991) and Kitchen et al ( 1989) used a variable irradiation dose and confirmed a

first order inactivation curve. Conway et al ( 1991) examined six samples with a

fixed inadiation dose of four kGy which should give an accurate representation of the

inactivation curve but the small irradiation dose used may have been less sensitive to

detect the decrease in virus activity than the higher doses used in the current study.

The TCIDT' assay is a direct measurement of viral infectivity and has several

advantages over the alternative methods. Reverse transcriptase assay or antigen

capture assays were used in early reports of HIV radiosensitivity and erroneously

reported the virus to be unusually radiosensitive (Bigee 1988); (Spire et al 1985).

The TCIDT' assay is several orders of magnitude more sensitive than either reverse

transcriptase assay or antigen capture assays and is measured over a greater range

(McDougal et al 1985a).
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The virucidal effectiveness of gamma irradiation is directly related to damage

to the virus genome (Ginoza 1968) and radiation inactivation has been used to

determine the target size of the virus genome with virus in the frozen or lyophylized

state. Hiemstra et al ( 1991) reported an estimated target size of HIV to be 3x103

kDa which closely approximates the known size of the genome (Ratner et al 1985);

(Wain Hobson et al 1985) suggesting the inactivation rate and D16-value to be

correct

Sterilization of bone grafts infected with HIV is most important during the

early stages of infection before antibodies can be detected and the donor eliminated

by routine screening tests (window periocl). During this time the virus load in serum

is at a maximum of 104 TCID5¡/ml (Daar et al 1991) but the bioburden of HIV in

bone is unknown. Human derived cells are not susceptible to productive HIV

infection (chapter eight) and it is unlikely that the bioburden in bone will exceed

serum, it would seem reasonable to consider the bioburden of bone to be not greater

than serum. The most common bone allograft used is a femoral head (average 50mm

diarneter) and the maximum bioburden would be 5.8 loglg tissue culture infective

doses if an equivalent blood volume is assumed.

An additional factor is the probability of one surviving organism in a million

that causes an overt infection. Even if one or a few organisms are eluted from the

bone the potential of causing an infection is minimal. Only very few of the most

virulent micro organisms are capable of initiating infection when a single cell gains

access to sub epithelial tissue, eg certain rickettsial, micobacterial and pasturella

species, with other organisms, a 1000 or more may be required and most bacteria

require a critical initial number of cells even to initiate growth in vitro in a

nutritionally ideal culture medium (Gaughran 1935). The in vivo infectious dose of

HIV remains unknown but the simian immunodeficiency virus (SIV) is an

r39



approximate animal model for HIV and infection occurs in rhesus monkeys

challenged with SIV at a dose of 100 TCID'' (Murphey-Corb et al 1989). Two

chimpanzees have been inoculated with a dose of 1120 TCID'' and the other with 0.1

TCID'' of HIV and infection occurred only at the higher dose (Francis et al 1984). If

the simian immunodef,rciency virus model is assumed the human-infection dose

response curve for a gamma inadiated femoral head infected with HIV can be

calculated (Figure 9.2).

The irradiation dose required for a sterility assurance level of 10-6 is 89 kGy

and this dosage exceeds current recornmendations for routine radiation sterilization

of bone allografts. It is likely that a similar dose is required to inactivate other

serious virus infections including Hepatitis B and Creutzfeldt-Jakob disease

(Mikhailov et al 1987); (Gibbs et al 1978). The bioburden and Dro - value for

Hepatitis C is unknown.

The HIV sterilization dose of 89 kGy exceeds current recommendations for

sterilising medical products and the current practice of bone banks that use gamma

inadiation for secondary sterilization. It is concluded that gamma irradiation must be

disregarded as a significant virus inactivation method for bone allografts. If the

irradiation dose was increased to the dose required to inactivate the HIV bioburden

(35 kcy) or increased to the D-6 value (53 kcy) bone graft recipients could be

infected and further increases of inadiation dose would result in a proportional

decrease in the probability of infection. Achieving a sterility assurance level of 10-6

with 89 kGy would result in graft destruction.
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9.3.1 Conclusions

The first hypothesis that'inqctivation of HIV occnrs as a first order reaction

with a linear reduction in log titre using a dose of irradiation clinically relevant to

bone allografts' was proven Inactivation of HIV was examined using conditions

simulating the current practice of many bone banks. The virus was suspended in

media which has similar properties to a donors serum or bone and maintained at -70o

C' V/ith these conditions a first order virus inactivation curve was demonstrated with

a high coeffrcient of determination (r2: 0.953).

The second hypothesis that 'a sterility qssurance level of 10-6 probability of
infection is not achieved by inadiating potentiatly HIV infected bone allografts with

25 kGy of gamma iruadiation" was proven and the radiation dose required to achieve

a sterility assurance level of 10-6 exceeds current recommendations for routine

radiation sterilization of bone allografts.

Previous reports suggesting the risk of virus transmission from allografts,

especially HIV and Hepatitis non A, non B, and non C virus is nil due to radiation

sterilization (Ferrante et al1992) have not been supported by this study.
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I.O. CONCLUSION AND SUMMARY

Patients requiring bone allograft surgery are being treated with increasing

frequency. For many of these patients there are few altematives, particularly

following the massive defects that may result after limb salvage tumour surgery or

multiple revision joint surgery. The steadily increasing demand for allograft bone

has coincided with the HIV epidemic. In many countries the incidence of HIV

continues to increase, with no potential for therapy in site other than preventative

measures.

There have been concerns that if the safety of bone allograft surgery could not

be adequately evaluated it may need to be discontinued. Already some allograft

surgery has ceased eg. imported dura allografts have been prohibited since the

occuffence of slow virus infection. The research outlined in this thesis was prompted

by these concems. Prior to the introduction of these studies one case of HIV

infection from a bone allograft was reported (Centres for Disease Control 1988b).

During the course of these studies the concern of HIV transmission was highlighted

with the report of three bone allograft donors being infected with HIV despite strict

adherence to contemporary bone banking standards (Simonds et al1992).

One purpose of this study was to calculate the risks of HIV transmission from

bone allografts. This has been addressed by epidemiological means and by an

assessment of the effectiveness of secondary graft sterilization by gamma inadiation.

Because there will always be a chance of HIV infection from bone allografts the

degree of safety against HIV transmission is an arbitrarily determined probability

termed the sterility assurance level. The sterility assurance level has several

meanings; it can be applied to the effectiveness of the donor screening and also to the

effectiveness of secondary graft sterilization'
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The local pattem of bone allograft surgery was examined and the risks of HIV

infection from a bone allograft donor was estimated. The prevalence of HIV in the

donor population and the sensitivity of donor screening was used to calculate the HIV

risk reported in chapter three of this thesis. The figures were calculated with an

average estimate method and can be applied to most bone allograft banks using

contemporary screening methods and modified to the donor population HIV

prevalence. For the South Australian bone bank the estimated probability of

receiving bone fi'om an HIV infected donor after appropriate screening was 0.025 per

million living donors and0.2 per million cadaveric donors.

The chance of receiving bone from an HIV infected donor from the South

Australian bone bank is very low and the need for further secondary sterilization

against HIV may not be indicated from this allograft bank. The low probability of

bone allograft HIV transmission is a comfort to Australians but there are concems

from other banks where the prevalence of HIV in the donor population is much

greater'.

At the current time the majority of bone banks use secondary sterilization as an

additional method of reducing the chance of bacterial and perhaps viral infection.

Different methods are used including chemical sterilization and physical treatments

such as heating and inadiation. The majority of bone banks use gamma irradiation to

sterilize the grafts against bacterial contamination and it is hoped that the irradiation

confers some addition safety against the transmission of viral diseases.

Studies in this thesis have examined the efficacy of inadiation sterilization of

HIV because it is both an important and topical potential contaminant of bone

allografts, and because it is an accessible model of transmissible virus disease. The

problem of HIV transmission has been significantly minimized by donor screening

but other viruses which are more diffrcult to screen in the donor population remain
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potential contaminants. The HIV virus was used as a model to examine radiation

sterilization of viruses that may contaminate bone.

Previous studies from the United States and from the Pasteur Institute in France

suggested that HIV was particularly radio-sensitive (Bigee 1988); (Spire et al 1985)

and there may have been unjustified complacency regarding the risk of HIV

transmission from inadiated bone and tissue ailografts. A pilot study was performed

using an HIV infected bone allograft model and is reported in chapter four. This

study refuted the initial reports of unusually high radiation sensitivity of HIV and was

consistent with more recently published work. The virus titre and volume of virus

used in the initial studies may account for the differing observations of HIV

inactivation when examined in a non quantitative manner.

The pilot study undertaken as part of this thesis was not able to determine the

amount of irradiation required to achieve a satisfactory sterility assurance level of an

acutely HIV infected bone. Two questions \ryere then addressed;

1) What is the virus load in bone from acutely HIV infected donors (the most

likely to be missed by contemporary screening techniques)?

2) What is the inactivation rate of HIV treated with gamma inadiation?

A novel approach to quantifu the virus load in bone was developed using a

quantitative polymerase chain reaction (PCR) technique (chapter five). The method

was validated in vitro with HIV infected cells, but the adaptation of this method to

bone samples was unsuccessful (chapter six).

Because the in vivo studies of HIV infection of human bone were inconclusive

the susceptibility of human bone derived cells to HIV infection was examined. The

in vitro studies with human bone derived cells did not demonstrate productive virus

infection after an eight week inoculation under conditions that would be ideal for
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virus infection. Previous in vitro studies using other cell types have used similar or

shorter inoculation times and have demonstrated that cells susceptible to HIV

infection should be identified within an eight-week period. The quantitative PCR

method demonstrated no infection of the human bone derived cells inoculated with

cell-free virus, but up to 0.lo/o cells had incorporated HIV DNA when incubated with

the cell-to-cell infection format. It was concluded that the virus load in a given bone

sample was not greater than the virus load due to the serum within that bone sample.

It was concluded that studies examining the sterilization of bone allografts

could assume the virus bioburden in bone is not likely to exceed the bioburden of

blood that contaminates the bone allograft.

The failure to detect significant levels of HIV infection of human bone derived

cells may be an important finding relevant to the screening of bone allograft donors.

Some bone allograft banks test the bone from allograft donors in addition to the

donors blood and it is likely that the yield from this approach will be small. The

current research suggests the virus bioburden in bone cells to be extremely low and

screening efforts would be more beneficially directed to other areas of the donor

likely to have a higher yield of HIV infection particularly during the early stages of

HIV infection. This study suggests the target organs for HIV screening should not be

bone but the early targets of HIV infection which are cells with the CD4+ receptor

particularly nucleated blood cells and lymphoid cells. Examining these cells rather

than bone would be a more logical selection.

The second question to be addressed by this thesis was the inactivation rate of

HIV infected bone allografts treated with gamma irradiation. For this study the

inactivation rate of HIV was examined using HIV infected serum maintained on dry

ice. The results confirmed a first order inactivation curve and the inactivation rate

(D,o - value) was determined. The results obtained were comparable to two previous
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studies that examined smaller numbers of factor VIII preparations spiked with HIV

(Hiemstra et al 1991); (Kitchen et al 1989).

The efhcacy of irradiation sterilization was calculated to include blood that will

contaminate the bone. The inactivation rate of HIV was used to calculate the dose of

irradiation required to inactivate virus from an infected bone allograft. A sterility

assurance level of less than one in a million infected bone allografts remaining non-

sterile was not achieved with the dose of irradiation that is currently used. Increasing

the dose of inadiation to achieve this sterility assurance level would be detrimental to

the quality of the bone allograft.

It is likely that viruses with a genome size and blood concentration similar to

HIV'n'ill require a similar dose. Viruses such as hepatitis B that have a greater blood

bioburden and smaller viruses or virus like agents such as Jacob Creutzfeldt will

require a greaÍt irradiation dose and are not inactivated with the dose of irradiation

that is currently used.
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10.1 Direction For Future Research.

This study establishes the basic parameters for further research related to bone

allograft surgery and HIV infection of bone and cartilage.

Irradiated bone allografts have been used successfully for many years. The

principle purpose for irradiation has been to inactivate bacterial contamination. This

study suggests that inadiation sterilization of bone infected with HIV or other viruses

is unlikely to achieve suff,rcient virus inactivation. Gamma irradiation may confer

some improved safety of the graft but the degree of sterility assurance cannot be

achieved without inadiation levels that would be excessively detrimental to the graft.

Therefore gamma irradiation should not be relied on to achieve viral sterilization.

The quantitative radiosensitivity work in this paper has been confirmed by two

independent laboratories (Hiemstra et al 1991); (Kitchen et al 1989) and it is

recoÍìmended that further research is not likely to recommend a different bone

allograft HIV inactivation dose.

Investigations using thermal treatment of bone allografts may establish a more

dominant role in allograft sterilization if it can be supported by longer term clinical

trials in humans.

In the longer term it is hoped that the use of bone allografts in orthopaedic

surgery will be remembered as a satisfactory and safe method of skeletal

reconstruction when no other viable alternatives existed. Future research examining

alternatives to bone allografts is likely to be the direction of the future and at present

progresses along two pathways. In tumour and revision arthroplasty surgery one

direction is to use non biological methods with increasingly complex customized

mechanical prosthesis which make no attempt to imitate the biology of the host bone.

The second alternative is the use of biological bone alternatives. There has been
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much research in the past using non organic tissue such as hydroxyapatite, glass,

plastics and organic substitutes from other species treated to encourage incorporation

into the host. With more understanding of the regulation and control of osseous

tissues at the cellular and molecular level it may be possible to genetically engineer

bone substitutes. At the present time it is possible to harvest bone from a potential

recipient and grow colonies of bone forming tissue for later reimplantation, studies in

humans with this technique are being investigated Q.{olan 1995). Identification and

development of factor delivery systems could lead to the long term goal of in situ

bone formation.

The novel finding of in vivo infecticn of human chondrocytes with HIV has

relevance to fresh osteochondral grafting. Using the quantitative PCR technique

infection in human chondrocytes was demonstrated and this finding resolves the

conflicting reports fi'om two previous in vitro studies of human chondrocytes. The

susceptibility of human cartilage to HIV infection does not directly relate to the main

objectives of this thesis and has not been pursued further. The examination of

human cartilage during HIV intèction could prove useful to the understanding of the

orthopaedic and rheumatological manifestations of HIV related disease particularly

HIV related arthropatþ. It is suggested this finding should be confirmed by

alternative methods such as an in situ PCR technique to morphologically confirm the

infected cell type.

In vitro infection of human derived bone cells with HIV has demonstrated that

the bone cells are not productively infected but there remains the possibility that

latent infection may have been established in the bone derived cells without

expression of pro virus genome. If latent non productive infection has been

established it should be possible to detect the estimated 0.Io/o to less than 0.001%

HIV infected cells. It is suggested that two methods could be utilized; either in vitro

by stimulating the infected cells to express virus with the use of mitogens, or in vivo
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by examining bone specimens from HIV infected donors with an in situ PCR

method. The in situ PCR technique could be applied to multiple bone samples and

the results from the in vitro studies in this thesis could be used to calculate the

number of specimens required.

This thesis has examined important and topical safety aspects of contemporary

bone allograft use. Results arising from this work has provided direction for further

work in defining bone and cartilage susceptibility to HIV infection. It is anticipated

that future developments with the bone cell culture techniques utilized in this thesis

will ultimately replace the need for major bone allograft surgery.

150



BIBLIOGRAPHY

Adachi A, Koeng S, Gendleman HE, Daugherty D, Gattoni-Celli s, Fauci

AS and Martin MA. (19S7a) Productive persistent infection of human

colorectal cell lines with human immunodeficiency virus. J Virol 6l: p.209-

2t3.

Adachi A, Koenig S, Gendelman HE, Daugherty D, Gattoni Celli s, Fauci

AS and Martin MA. (19S7b) Productive, persistent infection of human

colorectal cell lines with human immunodeficiency virus. J Virol 6l: p.209-

2r3.

Albert J, Gaines H, sonnerborg A, Nystrom G, Pehrson PO, Chiodi F,

von Sydow M, Moberg L, Lidman K, Christensson B, et al' (1987)

Isolation of human immunodeficiency virus (HIV) from plasma during

primary IIIV infection. J Med L'irol23: p. 67-73.

Alter HJ, Epstein JS, Swenson SG, VanRaden MJ, Ward JW, Kaslow

RA, Menitove JE, Klein HG, Sandler SG, Sayers MH, et al' (1990)

Prevalence of human immunodeficiency virus type I p24 antigen in U.S'

blood donors--an assessment of the efficacy of testing in donor screening. The

HlV-Antigen Study Group. N Engl J Med323: p.1312-1317 '

American Association of Tissue Banks. Standards for tissue banl<s' 2nd:

Arlington,Va: (1989)

151



Anderson MJ, Keyak JH and Skinner HB. (1992) Compressive mechanical

properties of human cancellous bone after gamma irradiation. J Bone Joint

Surg Am 74: p.741-752.

Angermann P and Jepsen OB. (1991) Procurement, banking and

decontamination of bone and collagenous tissue allografts: guidelines for

infection control. J Hosp Infect 17: p. 159-169.

Angermann P and Jepsen OB. (1992) fRemoval and storage of human bone

for transplantation. Directives for infection control] Udtagning og opbevaring

af menneskeknogle til transplantation. Retningslinier for infektionskontrol.

Ugeslv Laeger 154: p. 336-339.

Archer GT, Buring ML and Clark B. (1992) The prevalence of hepatitis C

antibodies in Sydney blood donors. Med J Aust 157 p' 225-227.

Arrigo SJ, Weitsm4n S, Rosenblatt JD and Chen IS. (1989) Analysis of

rev gene function on human immunodeficiency virus type 1 replication in

lymphoid cells by using a quantitative polymerase chain reaction method. J

Virol63: p.4875-4881.

Asher DM, Gibbs CJJ and Gajdusek DC. (L976) Pathogenesis of subacute

spongiform encephalopathies. Ann Clin Lab Sci 6: p. 84-103.

Ashton BA, Abdullah F, Cave J, Williamson M, Sykes BC, Couch M and

Poser JW. (19S5) Characterization of cells with high alkaline phosphatase

activity derived from human bone and manow: preliminary assessment of

their osteogenicity. Bone 6: p. 313-319.

152



Aspenberg P, Lohmander LS and Thorngren KG. (1988) Failure of bone

induction by bone matrix in adult monkeys. J Bone Joint Surg Br 70 p.625-

627.

Aspenberg P and Andolf E. (1989) Bone induction by fetal and adult human

bone matrix in atþmic rats. Acta Orthop Scand 60: p. 195-199.

Aspenberg P, Johnsson E and Thorngren KG. (1990) Dose-dependent

reduction of bone inductive properties by etþlene oxide. J Bone Joint Surg

Br 72: p. 1036-1037.

Asselmeier MA, Caspari RB and Bottenfield S. (1993) A review of

allograft processing and sterilization techniques and their role in transmission

of the human immunodeficiency virus. Am J Sports Med2l: p. 170-175.

Aufmkolk B, Ilauschka PV and Schwartz ER. (1985) Characterization of

human bone cells in culture. Calcif Tissue Int 337: p.228-235.

Australian Bureau of Statistics. (1994) Estimated Resident Population by

Age Groups. Australian Demographic Statistics cat.3101.0: p. 8.

Australian National Council on AIDS. (1990) HIV infection and bone

grafting. ANCA Bulletin 5;

Baecker U, \ileinaver F and Gathof AG. HIV antigen screening in blood

donors. Wth Congress of the International Society of Blood Transfusion in

association with the British Blood Transfusion Society (1988) abstr 218:

(Abstract)

153



Bagasra O, Hauptman SP, Lischner H\il, Sachs M and Pomerantz RJ.

(1992) Detection of human immunodeficiency virus type 1 provirus in

mononuclear cells by in situ polymerase chain reaction. N Engl J Med 326: p.

138s-1391.

Baker JL, Kelen GD, Sivertson KT and Quinn TC. (1987) Unsuspected

Human Immunodeficiency Virus in critically ill emergency patients. JAMA

257: p.2609.

Balter M. (1993) Human growth hormone. French scientists may face

charges over CJD outbreak. Science 261: p. 543.

Barnett SW, Barboza A, Wilcox CM, Forsmark CE and Levy JA. (1991)

Characterization of human immunodeficiency virus type I strains recovered

from the bowel of infected individuals. Virologt l32: p. 802-809.

Barre-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret S.,

Gruest J, Dauguet C and Axler-Blin C' (1983) Isolation of T-

lymphotrophic retrovirus from a patient at risk of aquired immune deficiency

syndrome (AIDS). Science 220: p.868-870.

Bassin RH, Duran Troise G, Gerwin BI and Rein A. (1978) Abrogation of

Fv-lb restriction with murine leukemia viruses inactivated by heat or by

gamma irradiation. J Virol26: p.306-315.

Behrens JJ, Stannard JP and Bucknell AL. (1992\ The prevalence of

seropositivity for human immunodeficiency virus in patients who have severe

trauma. J Bone Joint SurgT4A: p.641-645.

r54



Benveniste RE, Arthur LO, Tsai CC, Sowder R, Copeland TD,

Henderson LE and Oroszlan S. (1986) Isolation of a lentivirus from a

macaque with lymphoma: comparison with HTLV-IyLAV and other

lentiviruses . J Virol60: p. 483-490.

Beresford J, Gallager J, Gowen M, McGuire MKB, Poser JW and

Russell RGC. (1933) Human bone ceils in culture: a novel system for the

investigation of bone cell metabolism. Clin Sci 64: p. 33-39.

Beresford JN, Gallager JA and Russell RGG. (1984) Production of

osteocalcin by human bone cells in vitro. Effects of 1,25(OH)2D3,

parathyroid hormone and glucocorticoids. Metab Bone Dis Rel Rps 5: p.229-

234.

Beresford .IN, Gallager JA and Russetl RGG. (1986) 1,25(OH)2D3 and

human bone-derived cells in vitro: Effects on alkaline phosphatase, type 1

coilagen and proliferation. Endocrinolo 9,, | 1 9 : p. 17 7 6-17 85 .

Berry \ilR, Gottesfeld RL, Alter HJ and Vierling JM. (1987)

Transmission of hepatitis B virus by artificial inseminatíon. JAMA 257: p.

1079-1081.

Betts RX'. (1982) Cytomegalovirus infection in transplant patients. Prog Med

Virol2S: p. 44-64.

Bieniek J and Swiecki Z. (1991) Porous and porous-compact ceramics in

orthopaedics. Clin Orthop 272: p.88-94.

ls5



Bigee PD. (1988) Inactivation of Human Immunodeficiency Virus (AIDS

virus) by Gamma and X-ray Inadiation in Body Fluids and Forensic

Evidence. F B I Law Enforcement Bulletin p. 8-9.

Billette de Villemeur T, Gourmelen M, Beauvais P, Rodriguez D,

Vaudour G, Deslys JP, Dormont D, Richard P and Richardet JM. (1992)

[Creutzfeldt-Jakob disease in 4 children treated with growth hormone]. Rev

Neurol Paris 148: p. 328-334.

Bloch W. (1992) Wax-mediated hot start PCR: Ampliwax PCR gems permit

nonisotopic, unprobed detection of low-copy-number targets. Amplifications

8: p. 6-9.

Bowden S, Moaven LD and Locarnini SA. (1996) New hepatitis viruses:

are there enough letters in the alphabet? Med J Aust 164: p. 87-89.

Bowen PA, Lobel SA, Caruana RJ, Leffell MS, House MA, Rissing JP

and Humphries AL. (1988) Transmission of human immunodeficiency virus

(HIV) by transplantation: clinical aspects and time course analysis of viral

antigenemia and antibody production. Ann Intern Med 108: p. 46-48.

Bright RW and Burchardt H. The Biomechanical Properties of Preserved

Bone Graft. In: Friedlaender G.E, Mankin H.J., Sell K.W, eds. Osteochondral

Allografts. Boston/Toronto, Little Brown and Co. (1983) p. 241.247 .

Brinchmann JE, Albert J and Vartdal F. (1991) Few infected CD4+ T

cells but a high proportion of replication-competent provirus copies in

asymptomatic human immunodeficiency virus type 1 infection. J Virol65: p.

2019-2023.

156



Brown P, Rohwer RG and Gajdusek DC. (19g6) Newer data on the

inactivation of scrapie virus or Creutzfeldt-Jakob disease virus in brain tissue.

J Infect Dis 153: p. 1145-1148.

Buck BE, Malinin TI and Brown MD. (1989) Bone Transplantation and

Human Immunodeficiency virus - An Estimate of Risk of Acquired

Immunodehciency syndrome (AIDS). clin orthop 240: p. 129-136.

Buck BE, Resnick L, shah sM and Malinin TI. (1990) Human

Immunodeficiency Virus cultured From Bone Implications for

tlansplantation. Clin Orthop 25I: p.249-253.

Bujia.I, Meyer H, Hammer c, wilmes E and Gurfler L. (1993a) Human

immunodeficiency virus cannot productively infect freshly cultured human

cartilage cells. oÀz J otorhinolaryngol Relat spec 55: p.222-225.

Bujia J, Pitzke P, wilmes E, Hammer c and Gurfler L. (1993b) A critical

analysis of human immunodeficiency virus transmission using human

cartilage allograft s. Eur Arch Otorhinolaryngol 250 p. 5 5-5 g.

tsurchardt H, Busbee GA and Enneking wF. (197s) Repair of

experimental autologous grafts of cortical bone. J Bone Joint Surg Am 57: p,

8 14-8 1 9.

Buring K and urist MR. (1967) Effects of ionizing radiation on the bone

induction principle in the matrix of bone implants. clin orthop 55: p. 225-

234.

157



Burt MM and Ley FJ. (1963) studies on the dose requirement for the

radiation sterilisation of medical equipment. Influence of suspending media. -r

App Bacteriol26: p. 484-489.

Burwell RG. (1961) The fate of bone grafts. J Bone Joint surg Br 43 p. 814-

Burwell RG, Friedlaender GE and Mankin HJ. (19s5) current

perspectives and future directions: The 1983 invitational conference on

osteochondral allografts. Clin Orthop I97: p. I4l-157.

Busch MP, Taylor PE, Lenes BA, Kleinman SH, Stuart M, Stevens CE,

Tomasulo PA, Allain JP, Hollingsworth CG and Mosley JW. (1990)

Screening of selected male blood donors for p24 antigen of human

immunodeficiency virus type l. The Transfusion Safety study Group. N Engt

J Med 323: p. 1 3 08- 1 3 12.

Busch MP, Eble BE, Khayam Bashi H, Heilbron D, Murphy EL, Kwok

S, Sninsþ J, Perkins HA and Vyas GN. (1991) Evaluation of screened

blood donations for human immunodeficiency virus type I infection by

culture and DNA amplification of pooled cells. N Engl J Med325: p. l-5.

Campbell DG, Li P, Stephenson AJ and Oakeshott RD. (1994)

Sterilization of HIV by gamma inadiation. A bone allograft model.

International Orthopaedics 18 p. 172-176.

campbell DG, Mintz AD and Stevenson TM. (1995) Early patellofemoral

revision following total knee replacement. J Arthroplasty l0: p287-29I

1s8



Carbone LG, Cohen DJ, Hardy MA, Benvenisty AI, Scully BE and Appel

GB. (1988) Determination of acquired immunodeficiency syndrome (AIDS)

after renal transplantation. Am J Kidney Dis ll: p.387-392.

Cassol S, Salas T, Arella M, Neumann P, Schechter MT and

O'Shaughnessy M. (1991) Use of dried blood spot specimens in the

detection of human immunodeficiency virus type 1 by the polymerase chain

leaction. J CIin Miuobiol29: p.667-611.

Castro BA, Cheng Mayer C, Evans LA and Levy JA. (1988) HIV

heterogeneity and viral pathogenesis. AIDS 2 Suppl 1:p. S17-527.

Centers for Disease Control.Update. (1984) Aquired immunodeficiency

syndrome (AIDS) in persons with hemophilia. MMWR 33: p. 589-

Centers for Disease Control. (1986) MMWR Morb Mortal llkly Rep 35: p.

334-339.

Centers for Disease Control. (1987a) Update: Creutzfeldt-Jakob disease in a

patient receiving a cadaveric dura mater graft. MMWR Morb Mortal I4tkly Rep

36: p. 324-325.

Centers for Disease Control. (1987b) Human immunodeficiency virus

infection transmitted from an organ donor screened for HIV antibody--North

Carolina. MMWR Morb Mortal Wkly Rep 36: p.306-308.

Centers for Disease Control. (1987c) Leads from the MMWR. HIV human

immunodeficiency virus infection transmitted from an organ donor screened

for HIV antibody--North Carolina. JAMA 258: p. 308-309.

159



Centers for Disease Control. (1992) 1993 Revised classification system for

HIV infection and expended surveilance case definition for AIDS amond

adolescents and adults. MMIírR Morb Mortal IIrkly Rep 4l: p.I-I9.

Centres for Disease control. (1987) Rapidly progressive dementia in a

patient who received a cadaveric dura mater graft. MMIIR Morb Mortal l(kly

Rep 36: p. 49-50, 55.

Centres for Disease Control. (1988a) Serologic testing for HIV infection.

MMWR 36 (S2): p. 135-155.

centres for Disease control. (1988b) Transmission of HIV through Bone

Transplantation; Case Report and Public Health Recommendation - Atlanta.

MM\|/R 37 (4): p. 597 -599.

Centres for l)isease Control. (1989) Update: Creutzfeldt-Jakob disease in a

second patient who received a cadaveric dura mater graft". MMWR Morb

Mortal Wrkly Rep 38: p. 37-8,43.

Chapel A, Bensussan A, Vilmer E and Dormont D. (1992) Differential

human immunodeficiency virus expression in CD4+ cloned lymphocytes:

from viral latency to replication. J Virol 66 p.3966-3970.

Chapman JR. (1992) Transplantation in Australia - 50 years of progress.

Med J Aust 157: p.46-50.

Chapman PG and Villar RN. (1992) The bacteriology of bone allografts. -/

Bone Joint Surg 748: p. 398-399.

160



Chateauvert M, Duffie A and Gilmore N. (1990) Human

immunocleficiency virus antibody testing: counseling guidelines from the

Canadian Medical Association. Canadian Medical Association, Ottawa,

Canada

Chavassieux PM, Chenu C, Valentin Opran A, Merle B, Delmas PD,

Hartmann DJ, Saez S and Meunier PJ. (1990) Influence of experimental

conditions on osteoblast activity in human primary bone cell cultures. J Bone

Miner Res 5: p.337-343.

Chehimi J, Bandyopadhyay S, Prakash K, Perussia B, Hassan NF,

Kawashima H, campbell D, Kornbluth J and starr sE. (1991) In vitro

infection of natural killer cells with differerÍ human immunodeficiency virus

type 1 isoiates. J Virol 65: p.1812-1822.

chiewslip P, Isarangkura P, Poonkasem A, Khamenkhetkran M and

Stabunswadigan S. (1991) Risk of transmission of HIV by seronegative

blood. Lancet 338: p. 1341.

Chiodi F, X'uerstenberg S, Gudling M, Asjo B and Fenyo EM' (1987)

Infection of brain clerived cells with the human immunodeficiency virus. -I

Virol 6I: p.1244-1247.

Chiron C, Gaudy E and Uthesa G. (1993) Humid heat sterilisation of bone

allografts. J Bone Joint Surg75-B: supp: p. 107.

Christensen EA and Kristensen H. Gaseous sterization. In: Russel AD'

Hugo WB, Ayliffe GAJ, eds. Principals and Practice of Disinfection,

161



Preservation and Sterilisation. Oxford, Blackwell Scientific publications,

(1982) p. 548.568.

clapham P, Nagy K, cheinsong-Popov R, Exrey M and weiss RA. (19g3)

Productive Infection and Cell-Free Transmission of Human T-Cell Leukaemia

Virus in a Nonlymphoid Cell Line. Science 222: p. 1125-1127 .

clapham PR, weber JN, whitby D, Mclntosh K, Dargreish AG, Maddon

PJ, Deen KC, sweet Rw and weiss RA. (1989) Soluble cD4 blocks the

infectivity of diverse strains of HIV and SIV for T cells and monocytes but

not for brain and muscle cells. Nature 337: p.36g-370.

clark sJ, saag MS, Decker wD, campbell Hil s, Roberson JL,

veldkamp PJ, Kappes JC, Hahn BH and Shaw GM. (1991) High titers of

cytopathic virus in plasma of patients with symptomatic primary HIV-I

infection. N Engl J Med 324: p.954-960.

clavel x', Guetard D, Brun vezinet x', chamaret s, Rey MA, santos

x'erreira Mo, Laurent AG, Dauguet c, Kaflama c, Rouzioux c, et al.

(1986) Isolation of a new human retrovirus from West African patients with

AIDS. Science 233: p.343-346.

cloward RB. (1980) Gas-sterirized cadaver bone grafts for spinal fusion

operations. A simplif,red bone bank. Spine 5: p. 4-10.

cochius Jr, Burns RJ, Blumbergs PC, Mack K and Alderman cp. (1990)

creutzfeldt-Jakob disease in a recipient of human pituitary-derived

gonadotrophin. Aust N Z J Med20: p. 592-593.

162



Cochius JI, Hyman N and Esiri MM. (1992) Creutzfeldt-Jakob disease in a

recipient of human pituitary-derived gonadotrophin: a second case. .I Neurol

Neurosurg Psychiatry 55: p. 1094-1095.

Coffin JM. Structure and classification of retroviruses. In: Levy JA, ed. The

retroviridae, vol. 1. New York, Plenium Press, (1992) p. 19.49.

Cohen AH, Sun NC, Shapshak P and Imagawa DT. (1989) Demonstration

of human immunodeficiency virus in renal epithelium in HlV-associated

nephropatþ. Mod Pathol2: p. 125-128.

Conrad EU, Gretch DR, Obermeyer KR, Moogk MS, Sayers M, Wilson

JJ and Strong DM. (1995) Transmission of the hepatitis-C virus by tissue

transplantation. J Bone Joint Surg Am77: p.214-224.

Conway B, Tomford WW, Hirsch MS, Schooley RT and Mankin HJ.

(1990) Effects of Gamma Irradiation on HIV-I in a Bone Allograft Model.

Trqns Orthop Res Soc 15: p.225.

Conway B, Tomford W, Mankin HJ, Hirsch MS and Schooley RT. (1991)

Radiosensitivity of HlV-1--potential application to sterilization of bone

allografts. AIDS 5: p. 608-609.

Coombs RW, Collier AC, Allain JP, Nikora B, Leuther M, Gjerset GF

and Corey L. (1989) Plasma viremia in human immunodeficiency virus

infection [see comments]. N Engl J Med32l: p. 1626-163I.

163



Cooper DA, Gold J and Maclean P. (1985) Acute AIDS retroviris infection:

def,rnition of a clinical illness associated with seroconversion. Lancet I: p.

537-540.

Crisp AJ, McGuire Goldring MB and Goldring SR. (1984) A system for

culture of human trabecular bone and hormone response profiles of derived

cells. Br J Exp Pathol65: p. 645-654.

Crofts N. (1992) Epidemiology of AIDS. Today's Life Science 4: p.l0-18.

Czitrom AA, Gross AE, Langer X' and Sim FH. Bone banks and allografts

in community practice. In: Czitrom AA, Gross AE, eds. Instructional course

lectures. Park Ridge,IL. The American Academy of Orthopaedic Surgeons.

(1988) p. 13.

Czitrom AA. Morsellized and small-segment allograft bone. In: Czitrom AA,

Gross AE, eds. Allografts in orthopaedic practice. Baltimore, Maryland,

Williams & Wilkins, (1992) p. 47.65.

Czitroom AA, Keating S and Gross AE. (1990) The viability of articular

cartilage in fresh osteochondral allografts after clinical transplantation. J Bone

Joint Surg Am72-A: p.574-581.

Daar ES, Moudgil T, Meyer RD and Ho DD. (1991) Transient high levels

of viremia in patients with primary human immunodeficiency virus type 1

infection. N Engl J Med 324: p.961-964.

t64



Dahners LE and Hoyle M. (1989) Chemical sterilization of bacterially

contaminated bone without destruction of osteogenic potentiaL J Orthop

Trauma3: p.24I-244.

Daniel MD, Letvin NL, King NW, Kannagi M, Sehgal PK, Hunt RI),

Kanki PJ, Essex M and Desrosiers RC. (1985) Isolation of T-cell tropic

HTLV-III-like retrovirus from macaques. Science 228: p. l20I-I204.

Dax EM, Healey DS and crofts N. (1992) Low risk of HIV-I infection from

blood donation: A test-based estimate. Med J Aust 157 p.69.

Dax.E M. (1992) Developments in HIV testing. Today's Life Sciencø June: p.

66-70.

Dietzschold B, \iliktor TJ, Trojanowski JQ, Macl'arlan RI, Wunner

WH, Torres-Anjel MJ and Koprowski H. (1985) Differences in cell-to-cell

spread of pathogenic and apathogenic rabies virus in vitro and in vivo. J Virol

56: p.l2-IB.

Dodd RY. (1992) The risk of transfusion transmitted infection. New England

J Med 327: p. 419-420.

Donahue JG, Munoz A and Ness P. (1992) The declining risk of post-

transfusion hepatitis C virus infection. New England J Med 327: p. 367 -373.

Dougherty RM. Animal virus titration techniques. In: Harris RJC, ed.

Techniques in experimentql virologr. New York, Academic Press, Q96$ p.

1 83.1 86.

165



Duc-Nguyen H. (1968) Enhancing effect of dietþlaminoethyl-dextran on the

focus-forming titre of a murine sarcoma virus (Harvey strain). J virol 2: p.

763-766

Duffy P, Wolf J, Collins G, DeVoe AG, Streeten B and Cowen D. (1974)

Letter: Possible person-to-person transmission of Creutzfeldt-Jakob disease.

N Engl J Med290: p.692-693.

Dummer JS, Armstrong J and somers J. (1987) Transmission of infection

with herpes simplex virus by renal transplantation. J Infect Dis 155: p.202-

206.

Dummer JS, Erb S, Breinig MK, Ho M, Rinaldo CR, Jr., Gupta p, Ragni

MV, Tzakis A, Makowka L, van Thiel D, et al. (1989) Infection with

human immunodeficiency virus in the Pittsburgh transplant population. A

study of 583 donors and 1043 recipients, 1981-1986. Transplantation 47: p.

134-140.

Dziedzic Goclawska A, ostrowski K, stachowicz w, Michalik J and

Grzesik W. (1991) Effect of radiation sterilization on the osteoinductive

properties and the rate of remodeling of bone implants preserved by

lyophilization and deep-freezing. Clin Orthop p.30-37.

Eggen BM and Nordbo SA. (1992) Transmission of HCV by organ

transplantation. N Engl J Med326: p.411; discu.

Ellis cJ, Katifi H and weller Ro. (1992) A further British case of growth

hormone induced creutzfeldt-Jakob disease. J Neurol Neurosurg psychiatry

55: p. 1200-1202.

r66



Emau P, McClure HM, Isahakia M, Else JG and Fultz PN. (1991)

Isolation from African Sykes' monkeys (Cercopithecus mitis) of a lentivirus

related to human and simian immunodeficiency viruses. J Virol65: p. 2135-

2140.

Embretson J, Zupancic M, Ribas JL, Burke A, Racz P, Tenner Racz K

and Haase AT. (1993) Massive covert infection of helper T lymphocytes and

macrophages by FIIV during the incubation period of AIDS. Nature 362: p.

359-362.

Enneking WF, Eady JL and Burchardt H. (1980) Autogenous cortical

bone grafts in the reonstruction of segmental skeletal defects. J Bone Joint

Surg Am 62: p.1039-1058.

n nneking WF and Mindell ER. (1991) Observations on massive retrieved

human allografts. J Bone J Surg 734: p. 1123-1142.

Epstein JS and Fricke WA. (1990) Current safety of clotting factor

concentrates [see comments]. Arch Pathol Lab Med 114: p. 335-340.

Epstein JS. (1991) Sensitivity and consistency of screening tests for

antibodies to human immunodeficiency virus type I [editorial]. Transfusion

31: p.388-389.

Espinoza LR, Aguilar JL, Espinoza CG, Berman A, Gutierrez F, Vasey

FB and Germain BF. (1990) HIV associated arthropathy: HIV antigen

demonstration in the synovial membrane. J Rheumatol 17: p. 1195-1201.

t67



Fantini J, Yahi N and Chermann JC. (1991) Human immunodeficiency

virus can infect the apical and basolateral surfaces of human colonic epithelial

cells. Proc Natl Acad Sci U S A 88: p. 9297-9301.

Fantini J, Yahi N, Baghdiguian S and Chermann JC. (1992) Human colon

epithelial cells productively infected with human immunodeficiency virus

show impaired differentiation and altered secretion. J Virol66: p.580-585.

Ferrante B, Mercier C, Jobin W, Polliart D and Leyder P. (1992)

[Allografts of cryo-preserved and radio-sterilized spongy bone tissue. Their

use in orthognathic surgery] Les allogreffes de tissu osseux spongieux cryo-

conservees et radio-sterilisees. Utilisation en chirurgie orthognathique. .Rev

Stomatol Chir Maxillofac 93: p. 106-111.

Fideler BM, Vangness T, Moore T, Li Z and Rasheed S. (1994) Effects of

Gamma Inadiation on the Human Immunodeficiency Virus. A study in frozen

human bone-patella ligament-bone grafts obtained from infected cadavera. J

Bone Joint Surg76-A: p. 1032-1035.

Fleming SC, Kapembwa MS, MacDonald TT and Griffïn GE. (1992)

Direct in vitro infection of human intestine with HIV-I. AIDS 6: p. 1099-

rt04.

Folks TM, Kessler SW, Orenstein JM, Justement JS, Jaffe ES and Fauci

AS. (1988) Infection and replication of HIV-I in purified progenitor cells of

normal human bone marrow. Science 242: p.919-922.

168



Foster SM, Seifert MH, Keat AC, Rowe IF, Thomas BJ, Robinson DT,

Pinching AJ and Harris JRW. (1988) Inflammatory joint disease and

human immunodefi ciency virus infection. BMJ 296: p. I 625 -I 627 .

Francis DP, Feorino PM, Broderson JR, McClure HM, Getchell Jp,

McGrath CR, Swenson B, McDougal JS, Palmer EL, Harrison AK, et al.

(1984) Infection of chimpanzees with lymphadenopathy-associated virus.

Lancet2: p.1276-1277.

Freedman AR, Gibson X'M, Fleming SC, Spry CJ and Griffîn GE. (1991)

Ifuman immunodeficiency virus infection of eosinophils in human bone

marrow cultures. J Exp lt[ed I74: p. 166I-1664.

Friedlaender GE. (1982\ Bone-banking. J Bone Joint Surg Am 64: p. 307-

31 1.

Friedlaender GE. (1983) Immune responses to osteochondral allogrcfts. Clin

Orthop 174 p.58-68.

X'riedlaender GE. (1984) Effects of low dose irradiation on on bone allograft

immunogenicity. Trans Orthop Res Soc 9: p.264-

Friedlaender GE. (1987a) Bone banking. In support of reconstructive

surgery of the hrp. Clin Orthop 225: p. 17-21.

Friedlaender GE. (1987b) Bone grafts. The basic science rational for clinical

applications, J Bone Joint Surg Am 69: p.786-790.

169



Gaines H. (1989) Primary HIV infection. Clinical and diagnostic aspects.

Scand J Infect Dis Suppl 6I: p. l-46.

Gaines H, von Sydow MAE and von Stedingk VL. (1990) Immunological

changes in primary HIV-1 infection. AIDS 4: p.995-999.

Gajdusek DC, Gibbs CJ and Asher D}f'. (1977) Pecautions in medical care

ol and in handling materials from, patients with transmisible virus dementia (

Creutzfeldt-Jokob Disease ). N Eng J Med297: p.1253-1258.

Gallo RC, Sarin PS, Gelmann EP, Robert Guroff M, Richardson E,

Kalyanaraman VS, Mann D, Sidhu GD, Stahl RE, Zolla Pazner S, et al.

(1983) Isolation of human T-cell leukemia virus in acquired immune

deficiency syndrome (AIDS). Science 220: p.865-867.

Gallo RC. (1987) The AIDS virus. Sci Am256: p.46-56.

Gardiner Jf,' and Peel MM. Introduction to Sterilisation and Disinfection.

Melbourne: Churchill Livingstone, (1986)

Garrel TV and Knaepler H. (1993) Thermal inactivation of allogenic bone

transplants . J Bone Joint Surg 7 5-B: supp: p. 107.

Garsia RJ, Abraham K, Gatenby PA, Materna J, ., Guinan J and Jeitner

F'. (1992) Australian HIV Surveillance Report 8: p. 3-4.

Gaughran ERL. Sterility assurance vs. safety assurance. In: Harris LE,

Skopek AJ, eds. Sterilization of medical products. Proceedings of an

170



international symposium on advances in sterilization of medical products

Sydney, Australia, Johnson & Johnson, (1985) p. I19.127.

Gerber SD and Harris WH. (1986) Femoral head autografting to augment

acetabular deficiency in patients requiring total hip replacement. A minimum

five-year and an average seven-year follow-up study. J Bone Joint Surg 68: p.

124t-t248.

Gibbs CJJ, Gajdusek DC and Latarjet R. (1978) Unusual resistance to

ionizing radiation of the viruses of kuru, Creutzfeldt-Jakob disease, and

scrapie. Proc Natl Acad Sci U S A 75: p. 6268-6270.

Gie GA, Linder L, Ling RS, Simon JP, Slooff TJ and Timperley AJ.

(1993) Impacted cancellous allografts and cement for revision total hip

arthroplasty. J Bone Joint Surg Br 75: p. I4-2I.

Gill MJ, Sutherland LR and Church DL. (1992) Gastrointestinal tissue

cultures for HIV in HIV-infecteúAIDS patients. The University of Calgary

GastrointestinalÆIlV Study Group. AIDS 6: p. 553-556.

Ginoza W. Inactivation of viruses by ionizing radiation and by heat. In:

Mararorosch K, Koprowski H, eds. Methods in Virologt, volume 4. New

York, Academic Press, (1968) p.139.2A9.

Gitelis S, Heligman D and Quill G. (1988) The use of large allografts for

tumour reconstruction and salvage of the failed total hip arthroplasty. Clin

Orthop 231: p. 62-70.

17r



Goldberg vM and stevenson s. (19s7) Natural history of autografts and

allografts. Clin Orthop 225: p.7-16.

Goldberg vM and stevenson s. Biology of bone and cartilage allografts. In:

czitrom AA, Gross AE, eds. Allografts in orthopaedic practice. Bartimore,

Maryland, Williams & Wilkins, (1992)p. 1.13.

Gottesdiener K. (1989) Transplanted Infections: donnor-to-host

transmisssionwith the allograft. Annals of Internal Medicine 110: p. 1001-

1016.

Gottlieb MS, Schroff R, Schanker HM, 'Weisman JI), X'an pT, Wolf RA

ancl saxon A. (1981) Pneumocystis carinii pneumonia and mucosal

candidiasis in previously healthy homosexual men: evidence of a new

acquired cellular immunodef,rciency. N Engl J Med 305: p. r425-r43r.

Goudsmit J, de Wolf F, Paul DA, Epstein LG, Lange JM, Krone WJ,

speelman H, wolters EC, van der Noordaa J, oleske JM, et ar. (19s6)

Expression of human immunodeficiency virus antigen (HIV-Ag) in serum and

cerebrospinal fluid during acute and chronic infection. Lancet 2: p. 177-1g0.

Gowans F-J. (1992) Hepatitis C Virus. Today,s Life Science p.30-37

Graves SE, Beresford JN and f,'rancis MJo. Integrin expression and

function on osteoblasts and osteogenic precursors. J Bone Joint Surg Br

(1996) (In Press)

172



Grecz N, Upadhyay J and Tang TC. (1967) Effects of temperature on

radiation resistance of spores of Clostridium Botulinum 334. Canad J

Microbiol 13 : p. 287 -293.

Gristina AG and Costerton JW. (1985) Bacterial adherence to biomaterials

and tissues. The significance to its role in clinical sepsis. J Bone Joint Surg

Am 67: p.264-273.

Gross AE. Revision arthroplasty of the hip using allograft bone. In: Czitrom

AA, Gross AE, eds. Allografts in clinical practice. Baltimore, V/illiams &

Wilkins, (1992) p. 147 .173.

Gupta P, Balachandran R, Ho M, Enrico A and Rinaldo C. (1989) Cell-

to-cell transmission of human immunodeficiency virus type 1 in the presence

of azidothymidine and neutralizing antibody. J Virol63: p.2361-2365.

Haase AT. (1986) Pathogenesis of lentivirus infections. Nature 322: p. I30-

136.

Itragelberg E and Clegg JB. (1991) Isolation and characterization of DNA

from archaeological bone. Proc R Soc Lond (Biol) 244: p.45-50.

Hanson PJ, Gor D, Jeffries DJ and Collins JV. (1989) Chemical

inactivation of HIV on surfaces. BMJ298: p. 862-864.

Hansson T, Roos B and Nachemson A. (1980) The bone mineral content

and ultimate compressive strength of lumbar vertebrae. Spine 5: p.46-55.

173



Harouse JM, Kunsch C, Hartle HT, Laughlin MA, Hoxie JA, Wigdahl B

and Gonzalez Scarano F. (1989) CD4-independent infection of human

neural cells by human immunodef,rciency virus type l. J Virol 63: p. 2527-

2533.

Harper ME, Marselle LM, Gallo RC and Wong Staal F. (1986) Detection

of lymphocytes expressing human T-lymphotropic virus type III in lymph

nodes and peripheral blood from infected individuals by in situ hybridization.

Proc Natl Acad Sci U S A 83: p. 772-776.

Harrington KD, Johnston JO, Kaufer HN, Luck JV, Jr. and Moore TM.

(1986) Limb salvage and prosthetic joint reconstruction for low-grade and

selected high-grade sarcomas of bone after wide resection and replacement by

autoclaved fcorrected] autogeneic grafts fpublished erratum appears in Clin

Orthop 1987 Mar;(2I6):3121. Clin Orthop p.180-214.

Harris'WH, Krushnell RL and Galante JO. (1988) Results of cemmentless

revisions of total hip arthroplasties using the Ha.rris-Galante prosthesis. C/in

Orthop 235: p. 120-126.

Hart MM, Campbell EDJ and Kartub MG. (1987) Establishing a bone

bank: experience at a community hospital. AORN J 43: p. 808-

Haseltine \MA. (1988) Replication and pathogenesis of the AIDS virus. -I

Acquir Immune De/ìc Syndr l: p.217-240.

Heise C, Dandekar S, Kumar P, Duplantier R, Donovan RM and Halsted

CH. (1991) Human immunodeficiency virus infection of enterocytes and

174



mononuclear cells in human jejunal mucosa. Gastroenterolog,, 100: p. l52l-

t527.

Hernigou P, Delepine G and Goutallier D. (1991) flnfections after massive

bone allografts in sugery of bone tumors of the limbs. Incidence, contributing

factors, therapeutic problems]. Rev Chir Orthop 77: p.6-13.

Heslop BF, Zeiss IM and Nisbet MW. (1960) Studies on transference of

bone: A comparison of autologous and homologous bone implants with

reference to osteocyte survival, osteogenesis and host reaction. Br J Exp

Pathol 4I: p.269-

Hiemstra H, Tersmette M, Vos AH, Over J, van Berkel MP and de Bree

H. (1991) Inactivation of human immunodeficiency virus by gamma radiation

and its effect on plasma and coagulation factors. Transfusion 3I: p.32-39.

Hilfenhaus J, Herrmann A, Mauler R and Prince AM. (1986) Inactivation

of the AlDS-causing retrovirus and other human viruses in antihemophilic

plasma protein preparations by pasteurization. Vox Sang 50: p. 208-211.

Hirst P, Esser M, Murphy JCM and Harding K. (1987) Bone grafting for

protrusio acetabuli during total hip replacement. A review of he V/rightington

method in 61 hips. J Bone Joint Surg 69B: p. 229-233.

Ho DD, Moudgil T and Alam M. (1989) Quantitation of human

immunodeficiency virus type 1 in the blood of infected persons. N Engl J Med

321: p. 162l-1625.

t75



Ho M. (1991) Hepatitis C virus. Another agent transmitted by transplanted

organs [editorial; comment]. N Engl J Med325: p.507-509.

Hoffman AD, Banapour B and Levy JA. (198s) characterization of the

AlDS-associated reverse transcriptase and optimal conditions for its detection

in virions. Virologlt 147: p.326-335.

Hooks JJ, Burns 'w, Hayashi K, Geis s and Notkins AL. (1976) viral

spread in the presence of neutralizing antibody: mechanisms of persistence in

foamy virus infection. Infection and Immunity 14 p. ll72-ll7g.

Horsburgh CR, Jr., Ou CY, Jason J, Holmberg SD, Longini IM, Jr.,

Schable C, Mayer KH, Lifson AR, Schochetman G, Ward JW, et al.

(1989) Duration of human immunodeficiency virus infection before detection

of antibody. Lancet 2: p. 637-640.

Hoxie JA, Haggarty BS, Rackowski JI, Pitsbury N and Levy JA. (1935)

Persistent noncytopathic infection of human lymphocytes with AIDS

associated retrovirus (ARV). Science 229: p. 1400-1402.

Hsia K and spector sA. (1991) Human immunodeficiency virus DNA is

present in a high percentage of cD4+ lymphocytes of seropositive

individuals. J Infect Dis 164 p.470-475.

Hughes RA, Macatonia SE, Rowe IF, Keat AC and Knight SC. (1990)

The detection of human immunodeficiency virus DNA in dendritic cells from

the joints of patients with aseptic arthritis. Br J Rheumatol2g: p. 166-170.

t76



Ikeuchi K, Kim S, Byrn RA, Goldring sR and Groopman JE. (1990)

Infection of Nonlymphoid Cells by Human Immunodeficiency Virus Type 1

or Type 2. J Virol64: P.4226-4231.

Imagawa DT, Lee MH, Wolinsþ SM, Sano K, Morales F, Kwok S,

sninsky JJ, Nishanian PG, Giorgi J, Fahey JL, et al. (1989) Human

immunodeficiency virus type 1 infection in homosexual men who remain

seronegative for prolonged periods . N Engl J Med 320: p. 1458-1462.

International Atomic Energy Agency' Sterility assurance level' In:

Anonymou sGuidelines for industrial radiqtion sterilization of disposable

medical products (Cobatt-60 gamma irradiation). IAEA-TECDOC-539.

Vienna,International Atomic Energy Agency, (1990) p' 39'

International Organization for Standardization. Sterilization of health

care products - Requirements for validation and routine control - Radiation

Sterilization. ISO/DIS I I 137.2.Intemational Standards Organization, (1993)

Irani MS, Dudley A'w, Jr. and Lucco LJ. (1991) Case of HIV-I

transmission by antigen-positive, antibody-negative blood. N Engl J Med 325:

p.II74-1175.

Jackson DW, \ilindler GE and Simon TM. (1990) Intraarticular reaction

associated with the use of freeze-dried, ethylene oxide-sterilized bone-patella

tendon-bone allografts in the reconstruction of the anterior cruciate ligament'

Am J Sports Med 18: P. 1-10.

Jackson JB, Kwok sY, sninsþ JJ, Hopsicker JS, Sannerud KJ, Rhame

FS, Henry K, Simpson M and Balfour HHJ. (1990) Human

177



immunodef,rciency virus type 1 detected in all seropositive symptomatic and

asymptomatic individuals. -I Clin Miuobiol2S: p. 16-19.

Jofe MH, Gebhardt MC, Tomford \ilW and Mankin HJ. (1988)

Reconstruction for defects of the proximal part of the femur using allograft

arthroplasty. J Bone Joint Surg70: p. 507-516.

Kakaiya RM and Jackson ts. (1990) Regional programs for surgical bone

banking. Clin Orthop p.290-294.

Kaldor J, Whyte B, Archer G, Hay J, Keller A, Kennedy T, Mackenzie I,

Pembrey R, Way B, Whyte G, et al. (1991) Human immunodeficiency virus

antibodies in sera of Australian blood donors: 1985-1990. Med J Ausl 155: p.

297-300.

Kandel RA, Gross AE, Ganel A, McDermott AGP, Langer F and

Pritzker KPH. (1985) Histopathology of failed osteoarticular shell allografts.

Clin Orthop 197: p. 103-110.

Kaplan JC, Crawford DC, Durno AG and Schooley RT. (1987)

Inactivation of human immunodeficiency virus by Betadine. Infect Control S:

p.412-414.

Kately JR. Establishing a tissue bank. In: Fawcett KJ, Barr AR, eds. Tissue

banking. Arlinglon, American Association of Blood Banks, (1987) p. 17.27.

Keller TS, Mao Z and Spengler DM. (1990) Young's modulus, bending

strength, and tissue physical properties of human compact bone. -I Orthop Res

8: p.592-603.

178



Kellogg DE and Kwok S. Detection of human immunodeficiency virus. In:

Innis MA, Gelfand DH, Snisky JJ, eds. PCR Protocols: A guide to Methods

and applications. New York, Academic Press, (1990) p.337.347.

Kerman RH, Flechner SM, van Buren CT, Lorber MI, Dawson G, Falk

L, Gutierrez R, Hollinger JB and Kahan BD. (1987) Investigation of

hurnan T-lymphotropic virus III serology in a renal transplant population.

T'ransplant Proc 19: p.2172-2175.

Kitchen AD, Mann GF, Harrison JF and Zuckerman AJ. (1989) Effect of

gamma inadiation on the human immunodeficiency virus and human

coagulationproteins. Vox Sang 56: p.223-229.

Klatzmann D, Champagne E, Chamaret S, Gruest J, Guetard D,

Hercend 'f, Gluckman JC and Montagnier L. (1984) T-lymphocyte T4

molecule behaves as the receptor for human retrovirus LAV. Nature 3I2: p.

767-768.

Knaepler H, Laubach S and Gotzen L. (1990) [The bone bank--a

standardized procedure? Results of a federal survey of German surgical

clinicsl. Chirurg 61: p.833-836.

Knaepler H, Haas H and Puschel HU. (1991) fBiomechanical properties of

heat and inadiation treated spongiosa]. Unfallchirurgie 17: p. I94-I99.

Knaepler H, Koch X' and Bugany H. (1992) [Studies on HIV inactivation in

allogeneic bone transplants using chemical disinfection and radioactive

inadiation] Untersuchungen zur HlV-Inaktivierung in allogenen

179



Knochentransplantaten durch chemische Desinfektion und radioaktive

Bestrahlung. Unfallchirurgie 18: p' 1-6.

Knaepler H, Garrel TV, Mutters R and Gotzen L. Disinfection of

allogenic bone grafts with low heat. Societe Internqtionale de Chirurgie et de

Traumatologie (1993) 19th World Congress: p. Seoul, Korea.(Abstract)

Komender A. (1976) Influence of preservation on some mechanical

properties of human haversian bone. Mqter Med Pol8: p' 13-17'

Kotler DP, Reka s, Borcich A and cronin wJ. (1991) Detection,

localization, and quantitation of HlV-associated antigens in intestinal biopsies

from patients with HIY. Am J Pathol139: p. 823-830'

Kristensen H and Christensen EA. (1931) Radiation-resistant micro-

organisms isolated from textiles. Acta Pathol Miuobiol Scand,B 89: p' 303-

309.

Kuhne JH, Bartl R, Hammer C, Refior HJ, Jansson V and Zimmer M.

(L9g2) Moderate heat treatment of bone allografts. Experimental results of

osteointegration. Arch Orthop Trauma Surg ll2 p. 18-22'

Kumar P, Pearson JE, Martin I)H, Leech sH, Buisseret PD, Bezbak HC'

Gonzalez FM, Royer JR, Streicher HZ and saxinger wc. (1987)

Transmission of human immunodeficiency virus by transplantation of a renal

allograft, with development of the acquired immunodeficiency syndtome' Ann

Intern Med 106: P.244-245.

180



L'Age-Stehr J., Schwarz A, Offerman G, Langmaack H, Bennhold I,

Niedrig M and Cock MA. (1985) HTLV-III Infection in Kidney Transplant

Recipients (letter). Lancet 12: p.136I-1362.

La Prairie AJ and Gross M. (1991) A simplified protocol for banking bone

from surgical donors requiring a 90-day quarantine and an HIV-I antibody

test. Can J Surg 34: p. 4l-48.

Lancz G and Sample J. (1985) Thermal-pH inactivation of herpes simplex

virus: interdependence of the medium composition and the pH on the rate of

virus inactivation. Brief report. Arch Virol S4 p.14l-146.

Langer F, Czitrom A, Pritzker KP and Gross AE. (1975) The

immunogenicity of fresh and frozen allogenic bone. J Bone Joint Surg Am 57:

p.216-220.

Lztarjet R. (1970) Inactivation du virus Leucemogere de gross par les

radiations UV, X et Y [Inactivation of gross leukemia virus by UV, X, and

gamma-radiationl. Int J Cancer 6: p.3t-39.

Laure F, Courgnaud V, Rouzioux C, Blanche S, Veber F, Burgard M,

Jacomet C, Griscelli C and Brechot C. (1988) Detection of HIV1 DNA in

infants and children by means of the polymerase chain reaction. Lancet 2; p.

538-s41.

Le Pont F, Massari V, Jullien AM, Costagliola D and Valleron AJ. (1990)

Anti-HBc testing can decrease the residual risk of transfusion-related HIV

transmission by more than one third. Vox Sang 59: p.248-250.

181



Lee TH, Sunzeri FJ, Tobler LH, Williams BG and Busch MP. (1991)

Quantitative assessment of HIV-1 DNA load by coamplification of HIV-1 gag

and HLA-DQ-alpha genes. AIDS 5: p. 683-691.

Levy JA, Shimabukuro J, McHugh T, Casavant C, Stites D and Oshiro

L. (1985) AlDS-associated retrovirus (ARV) can productively infect other

cells besides human T helper cells. Virologt 147: p.441-448.

Levy JA. (1986) The multifaceted retrovirus. Cancer Res 46: p. 5457-5468

Levy JA. (1993) Pathogenesis of human immunodeficiency virus infection.

Microbiol Rev 57: p. 183-289.

Li P and Burrell CJ. (1992a) Synthesis of Human Immunodeficiency virus

DNA in a cell-to-cell transmission model. AIDS Research and Human

Retroviruses 8: p. 253-259.

Li P, Kuiper LJ, Stephenson AJ and Burrell CJ. (I992b) De novo reverse

transcription is a crucial event in cell-to-cell transmission of human

immunodeficiency virus. J Gen Virol T3; p. 955-959.

Lieber RL. (1990) Statistical significance and statistical power in hypothesis

testing. J Orthop Res 8: p. 304-309.

Lifson AR, Buchbinder SP, Sheppard HW, Mawle AC, \ryilber JC,

Stanley M, Hart CE, Hessot NA and Holmberg SD. (1991) Long-term

human immunodef,rciency virus infection in asymptomatic homosexual and

bisexual men with normal CD4+ lymphocyte counts: immunologic and

virologic characteristics. J Infect Dis 163 p.959-965.

r82



Lifson JD, Feinberg MB, Reyes GR, Rabin L, Banapour B, Chakrakarti

S, Moss B, Wong-Staal F and Engelman EG. (1886) Induction of CD4-

dependent cell fusion by the HTLV-IIVLAV envelope glycoprotein. Nature

323: p.725-728.

Lifson JI), Reyes GR, McGrath MS, Sttein BS and Engleman EG. (1986)

AIDS retrovirus indu-ced cytopathology: giant cell formation and involvement

of CD4 antigen. Science 232: p. 1123-1127 .

Lipshultz SE, Fox CH, Perez Atayde AR, Sanders SP, Colan SD,

Mclntosh K and Winter HS. (1990) Identification of human

immunodeficiency virus-l RNA and DNA in the heart of a child with

cardiovascular abnormalities and congenital acquired immune deficiency

syndlome. Am J Cardiol 66: p.246-250.

Loche M and Mach B. (1988) Identification of HlV-infected seronegative

individuals by a direct diagnostic test based on hybridisation to amplified

viral DNA. Lancet 2: p. 418-421.

Lord CF, Gebhardt MC, Tomford \{W and Mankin HJ. (1988) Infection

in bone allografts. Incidence, nature, and treatment. J Bone Joint Surg 70: p.

369-376.

Loty B, Courpied JP, Tomeno B, Postel M, X'orest M and Abelanet R.

(1990) Bone allografts sterilised by irradiation. Biological properties,

procurement and results of 150 massive allografts. International

Orthopaedics 14: p. 237 -242.

183



Maniatis T, Frisch EF and Sambrook J. Molecular cloning: a laboratory

manual. Cold Spring Harbor: Cold Spring Harbour University Press, (1982)

Mankin HJ, Doppelt S and Tomford WW. (1983) Clinical experience with

allograft implantation. The first ten yeafs. J Bone Joint Surg 174: p.69-86.

Mankin HJ. Complications of allograft surgury. In: Friedlander GE, Mankin

HJ, Sell KW, eds. osteochondral allografts. Biologt, banking, and clinical

applications. Boston/Toronto, Litle, Brown and Co. (1983) p.259.274'

Marie PJ, Sabbagh A, de Vernejoul MC and Lomri A. (1989) Osteocalcin

and deoxyribonucleic acid synthesis in vitro and histomorphometric indices of

bone formation in postmenopausal osteoporosis. J Clin Endocrinol Metab 69:

p.272-279.

Maroudas A. Physicochemical properties of articular cartilage. In: Freeman

MAR, ed. Adult articular cartilage. Kent, U.K. Pitman medical, (1979) p.

2rs.290.

Martin LS, McDougal JS and Loskoski SL. (1985) Disinfection and

inactivation of the human T lymphotropic virus type IlVlymphadenopatþ-

associated virus. J Infect Dis 152:. p. 400-403.

Masters CL, Harris JO, Gajdusek DC, Gibbs cJ, Bernoulli c and Asher

D. (197S) Creutzfeldt-Jakob disease: patterns of worldwide ocurrence and the

significance of familial and sporadic clustering. Ann Neurol5: p. 177-188.

Masur H, Michelis MA, Greene JB, Onorato I, Stouwe RA, Holzman RS,

Wormser G, Brettman L, Lange M, MurraY HW, et al. (1981) An

184



outbreak of community-acquired Pneumocystis carinii pneumonia: initial

manifestation of cellular immune dysfunction. N Engl J Med 305: p. r43r-

1438.

Mathijs JM, Hing M, Grierson J, Dwyer DE, Goldschmidt C, Cooper DA

and cunningham AL. (1988) HIV infection of rectal mucosa. Lancet r: p.

1111.

McCarth¡' RE, Peek RD and Morrissy RT. (1986) Allograft bone in spinal

fusion for paralytic scoliosis. J Bone Joint Surg 684: p. 370-375.

McDomgal JS, Cort SP, Kennedy MS, Cabridilla CD, X'eorino PM,

Francis DP, Hicks D, Kalyanaraman VS and Martin LS. (1985a)

Immunoassay for the detection and quantitation of infectious human

letlovirus, lymphadenopatþ-associated virus (LAV). J Immunol Methods 76:

p. 171-183.

McDougal JS, Martin LS, Cort SP, Mozen M, Heldebrant CM and Evatt

BL. (1985b) Thermal inactivation of the acquired immunodeficiency

syndrome virus, human T lymphotropic virus-Ill/lymphadenopatþ-associated

virus, with special reference to antihemophilic factor. J Clin Invest 76: p.875-

877.

McGlynn ML and Sharpe DT. (1981) Cialit preserved cartilage in nasal

augmentation: a long term review. Br J Plast Surg34: p.53-57.

Mellert W, Kleinschmidt A, Schmidt J, Festl H, Emler S, Roth \ilK and

Erfle V. (1990) Infection of human fibroblasts and osteoblast-like cells with

HIV-I . AIDS 4: p.527-535.

185



N{erz H, Rytik G, Muller WE and Roder W. (1991) [Determination of HIV

infection in human bones] Bestimmung einer HlV-Infektion im menschlichen

Knochen. Unfallchirurg 94: p. 47-49.

Merz H, Muller WE, Muller H and Roder \il. (1992) [HIV detection in the

bone transplant with polymerase chain reaction]. Unfallchirurg 95 p. 485-

487.

Michaels J, Sharer LR and Epstein LG. (1988) Human immunodeficiency

virus type 1 (HIV-l) infection of the nervous system: a review. Immunodefic

Rev l: p.7I-104.

Mikhailov MI, Samoilenko Il,Zairov GK and Anan'ev VA. (f987) [Effect

of gamma radiation on the components of hepatitis B virus and the delta

antigenl. Vopr Virusol32: p. 68-71.

Montefiori DC, Robinson WEJ, Modliszewski A and Mitchell WM.

(1990) Effective inactivation of human immunodeficiency virus with

chlorhexidine antiseptics containing detergents and alcohol. J Hosp Infect 15:

p.279-282.

Moyer MP, Huot RI, Ramirez AJ, Joe S, Meltzer MS and Gendelman

HE. (1990) Infection of human gastrointestinal cells by HIV-I. AIDS Res

Hum Retroviruses 6: p.1409-1415.

Munting E, Wilmart JF, Wijne A, Hennebert P and Delloye C. (1988)

Effect of sterilization on osteoinduction. Comparison of five methods in

demineralizedrat bone. Acta Orthop Scand 59: p. 34-38.

186



Murchadha MT, Wolf BC and Neiman RS. (1987) The histologic features

of hyperplastic lymphadenopathy in AlDS-related complex are nonspecific.

Am J Surg Path lI: p.94-

Murphey Corb M, Martin LN, Rangan SR, Baskin GB, Gormus BJ,

\Molf RH, Andes WA, West M and Montelaro RC. (1986) Isolation of an

HTLV-III-related retrovirus from macaques with simian AIDS and its

possible origin in asymptomatic mangabeys. Nature 32I: p.435-437.

Murphey-Corb M, Martin LN, Davison-X'airburn B, Montelaro RC,

Miller M, West M, Ohkawa S, Baskin GB, Zhang J, Putney SD, et al.

(1989) A Formalin-Inactivated Whole SIV Vaccine Confers Protection in

Macaques. Science 246: p. 1293-1297.

Murray DW, Carr AJ and Bulstrode CJK. (1995) Pharmacological

thromboprophlaxis and total hip replacement. J Bone Joint Surg Br 77: p. 3-5.

Musclow EC. Bone and Tissue Banking. In: Czitrom AA, Gross AE, eds.

Allografts in Orthopaedic Practice.Baltimore, Williams and V/ilkins, (1992)

p.27.45.

National Blood Centre TR. (1990) Annual report 84: p. 104-106

National Centre in HIV Epidemiology and Clinical Research. (1994)

Number of new diagnoses of HIV infection by sex and age group, cumulative

to 30 June 1993. Australian HIV Surveillance Report l0: p.6-27.

Nelson JA, Wiley CA, Reynolds Kohler C, Reese CE, Margaretten W

and Levy JA. (1988) Human immunodeficiency virus detected in bowel

r87



epithelium from patients with gastrointestinal symptoms. Lancet l: p.259-

262.

Nemzek JA, Arnoczky SP and Swenson CL. (1994) Retroviral transmission

by the transplantation of connective-tissue allografts. An experimental study.

J Bone Joint Surg Am 76: p. 1036-1041.

Neumayer HH, Fassbinder W, Kresse S and Wagner K. (1937) Human T-

lymphotropic virus III antibody screening in kidney transplant recipients and

patients receiving maintenance hemodialysis. Transplant Proc 19 p. 2169-

2171.

Nolan PC. An investigation into the healing of a segmental bone defect by a

composite of demineralized bone and cultured osteoblasts. (1995) (UnPub)

Numazaki K, Bai XQ, Goldman H, Wong I, Spira B and Wainberg MA.

(1989) Infection of cultured human thymic epithelial cells by human

immunodeficiency virus. Clin Immunol Immunopathol5l: p. 185-195.

Nyberg M, Suni J and Haltia M. (1990) Isolation of human

immunodeficiency virus (HIV) at autopsy one to six days postmortem. Am J

Clin Pathol 94: p. 422-425.

Oakeshott RI), Morgan DAF, Zukor DJ, Rudan JF, Brookes PJ and

Gross AE. (1987) Revision Total Hip Arthroplasty with Osseous Allograft

Reconstruction - A Clinical and Roentgenographic Analysis. CIin Orthop

225: p.37-60.

188



Ohgushi H, Goldberg VM and Caplan AI. (1989) Heterotopic osteogenesis

in porous ceramics induced by marrow cells. -/ Orthop Res 7'. p. 568-578.

Ou CY, Kwok S, Mitchell SW, Mack DH, Sninsky JJ' Krebs JW, Feorino

P, Warfield D and Schochetman G. (1988) DNA amplification for direct

detection of HIV-I in DNA of peripheral blood mononuclear cells. Science

239: p.295-297.

Pan LZ, Werner A and Levy JA. (1993) Detection of plasma viremia in

human immunodeficiency virus-infected individuals at all clinical stages. -I

Clin Microbiol3l: p. 283-288.

Pang S, Koyanagi Y, Miles S, Wiley C, VINTERS HV and Chen IS.

(1990a) High levels of unintegrated HIV-I DNA in brain tissue of AIDS

dementia patients. Nature 343: p.85-89.

Pang S, Koyanagi Y, Miles S, Wiley C, VINTERS HV and Chen ISY.

(1990b) High levels of unintegrated HIV-I DNA in Brain tissue of AIDS

dementia patients. Nature 343: p. supplementary dafa-

Pantaleo G, Graziosi c, ButiniL,Ptzzo PA, Schnittman sM, Kotler DP

and X'auci AS. (1991) Lymphoid organs function as major reservoirs for

human immunodeficiency virus. Proc Natl Acad Sci U S A 88: p' 9838-9842.

Pantaleo G, Graziosi C, Demarest JF, Butini L, Montroni M, Fox CH'

Orenstein JM, Kotler DP and Fauci AS. (1993) HIV infection is active and

progressive in lymphoid tissue during the clinically latent stage of disease'

Nature 362: p.355-358.

189



Patterson S and Knight SC. (1937) Susceptibility of human peripheral

blood dendritic cells to infection by human immunodeficiency virus' J Gen

Virol 68: p.ll77-ll8l.

Pearce Pratt R and Phillips DM. (1993) Studies of adhesion of lymphocytic

cells: implications for sexual transmission of human immunodeficiency virus.

Biol Reprod 48 P.431-445.

Pedersen NC, Ho EW, Brown ML and Yamamoto JK. (1987) Isolation of

a T-lymphotropic virus from domestic cats with an immunodef,rciency-like

syndrome. Science 235: P. 790-7 93'

Pelker RR, Friedlaender GE and Markham TC. (19S3) Biomechanical

properties of bone allografts. Clin Orthop 174 p. 54-57 '

Pelker RR and Friedlaender GE. (1937) Biomechanical aspects of bone

autografts and allografts. Orthopaedic Clinics of North America 18: p' 235-

239.

pelker RR, McKay JJ, Troiano N, Panjabi MM and Friedlaender GE.

(1989) Allograft incorporation: a biomechanical evaluation in a rat model. J

Orthop Res 7: P. 585-589.

Pellet S, Strong DM, Temesi A and Matthews JG. Effects of Inadiation on

Frozen Corticocancellous Bone Allograft Incorporation and Immunogenicity.

In: Friedlander GE, Mankin HJ, Sell KW, eds. Osteochondral Allografts'

Boston, Little Brown and Co. (1983) p. 353.361.

190



Pepose JS, MacRae S, Quinn TC and Ward JW. (1987) Serologic markers

after the transplantation of comeas from donors infected with human

immunodeficiency virus. Am.I Ophthalmol103: p. 798-801.

Pereira BJ, Milford EL, Kirkman RL and Levey AS. (1991) Transmission

of hepatitis C virus by organ transplantation. N Engl J Med 325: p. 454-460.

Pezzella M, Rossi P, Lombardi V, Gemelli V, Mariani Costantini R,

Mirolo M, X'undaro C, Nloschese V and Wigzell H. (1989) HIV viral

sequences in seronegative people at risk detected by in situ hybridisation and

polymerase chain reaction. B MJ 298: p. 7 13 -7 16.

Piche JE, Carnes DL and Graves DL. (1989) Initial characterisation of cells

derived from human peridontia. J Dent i?es 68: p.761-767 .

Fiot P, Plummer FA, Mhalu X'S, Lamboray JL, Chin J and Mann JM.

(1988) AIDS: an intemational perspective. Science 239: p. 573-579.

Price R\il, Brew B, Sidtis J, Rosenblum M, Scheck AC and Cleary P.

(1988) The brain in AIDS: central nervous system HIV-I infection and AIDS

dementia complex. Scíence 239: p.586-592.

Prince AM, Horowitz B, Horowitz MS and Zang E. (1987) The

development of virus-free labile blood derivatives--a review. Eur J Epidemiol

3: p. 103-118.

Prolo and Rodrigo JJ. (1985) Contempory bone graft physiology and

surgery. Clin Orthop 200: p. 322-342.

191



Psatlidopoulos MC, Schnittman SM, Thompson LM, Baseler M, Fauci

AS, Lane HC and Salzman NP. (1989) Integrated proviral human

immunodeficiency virus type 1 is present in CD4+ peripheral blood

lymphocytes in healtþ seropositive individuals. J virol 63: p.4626-4631.

Purcell RH. (1994) Proc Natl Acad Sci U S A 91: p. 2401-2406.

Quarto M, Germinario C, Fontana A and Barbuti S. (1989) HIV

transmission through kidney transplantation from a living related donor. N

Engl J Med 320: p. 1754.

Quinnan GV, Wells MA, Wittek AE, Phelan MA, Mayner RE, Einstone

s, Purcell R. and Epstein JS. (1936) Inactivation of Human T-cell

Lymphotropic virus, Type III by Heat, chemicals, and Irradiation.

Tr ansfus ion 26: p. 48 1 -48 3.

Quinnan GVJ, \ilells MA, Wittek AE, Phelan MA, Mayner RE,

Feinstone S, Purcell R. and Epstein JS. (1936) Inactivation of human T-cell

lymphotropic virus, type III by heat, chemicals, and inadiatíon. Transfusion

26: p.481-483.

Rainbow AJ and Mak s. (1972) DNA strand breakage and biological

functions of human adenovirus after gamma inadiation. Radiat Res 50: p.

319-333.

Ranki A, Valle SL, Krohn M, Antonen J, Allain JP, Leuther M,

Franchini G and Krohn K. (1937) Long latency precedes overt

t92



seroconversion in sexually transmitted human-immunodeficiency-virus

infection. Lancet 2: p. 589-593.

Rappersberger K, Gartner S, Schenk P, Stingl G, Groh V, Tschachler E,

Mann DL, Wolff K, Konrad K and Popovic M. (1988) Langerhans' cells

are an actual site of HIV-I replication. Intervirology 29: p. 185-194.

Ratner L, Haseltine 'W, Patarca R, Livak KJ, Starcich B, Josephs SF,

Doran ER, Rafalski JA, Whitehorn EA, Baumeister K, et al. (1985)

Complete nucleotide sequence of the AIDS virus, HTLV-il. Nature 313: p.

277-284.

Reddi AH, Wientroub S and Muthukumaran N. (1987) Biologic principals

of bone induction. Orthopaedic Clinics of North America l8: p. 207-2I2.

Redfield RR. and Burke DS. (1988) HIV infection: the clinical picture. Scl

Am259: p.90-98.

Regel G, Sudkamp NP, Illgner Ä, Buchenau A and Tscherne H. (1992)

[15 years allogeneic bone transplantation. Indications, treatment and results].

Unfallchirurg 95 : p. 1 -8.

Resnick L, Veren K, Salahuddin SZ, Tondreau S and Markham PD.

(1986) Stability and inactivation of HTLV-I/LAV under clinical and

laboratory environme nts. JA MA 25 5 : p. 1 8 I 7- 1 8 9 I .

Ripamonti U. (1991) Bone induction in nonhuman primates.

experimental study on the baboon. Clin Orthop p.284-294.

193

An



Robey PG and Termine JD. (1985a) Human bone cells in vitro. Calcif

Tissue Int 37: p. 453-460.

Robey PG and Tiermine JD. (1985b) Human bone tissues in vitro. J Dent

Res 37: p.453-460.

Roder 'W, Muller H, Muller WEG and Merz H. (1992) HIV Infection in

Human Bone. J Bone Joint Surg74-B: p. 179-180.

Rubin RH, Jenkins RL, Shaw BW, Jr., Shaffer D, Pearl RH, Erb S,

Monaco AP and van Thiel DH. (1987) The acquired immunodeficiency

syndrome and transplantation. Transplantation 44 p. l-4.

Rubin RH and Tolkoff Rubin NE. (1988) The problem of human

immunodeficiency virus (HIV) infection and transplantation. Transpl Int l: p.

36-42.

Rutherford GW, Lifson AR, Hessol NA, Darrow WW, O'Malley PM,

Buchbinder SP, Barnhart JL, Bodecker TW, Cannon L, Doll LS, et al.

(1990) Course of HIV-I infection in a cohort of homosexual and bisexual

men: an 11 year follow up study. BMJ30l: p. 1183-1188.

Saag MS, Hahn BH, Gibbons J, Li Y, Parks ES, Parks WP and Shaw

GM. (f988) Extensive variation of human immunodeficiency virus type-1 in

vivo. Nature 334: p.440-444.

Saies AD and Davidson DC. (1990) Femoral Head Allograft Bone Banking.

Aust N Z J Surg 60: p. 267 -270.

194



Saiki RK, Scharf S and Faloona F. (1985) Enzymatic amplification of B-

globin sequences and restriction site aanalysis for diagnosis of sickle cell

anaemia. Science 230 p. 1350-1354.

Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT, Mullis

KB and Erlich IIA. (1988) Primer-directed enzymatic amplification of DNA

with a thermostable DNA polymerase. Science 239: p. 487-49I.

Sakaguchi M, Sato T and Groopman JE. (1991) Human immunodeficiency

virus infection of megakaryocytic cells. BloodTT: p.481-485.

Salama R. (1983) Xenogeneic bone grafting in humans. Clin Orthop 174: p

tt3-t21.

Salzman NP, Psallidopoulos M, Prewett AB and O'Leary R. (1993)

Detection of HIV in bone allografts prepared from AIDS autopsy tissue. Clin

Orthop 292: p.384-390.

Sambrook J, Fritsch EF and Maniatis T. Molecular cloning: a laboratory

manual.2nd: Cold Springs Harbour,N.Y. Cold Spring Harbour Laboratory

Press, (1989)

Sampath TK and Reddi AH. (1983) Homology of bone-inductive proteins

from human, monkey, bovine, and rat extracellular matrix. Proc Natl Acad

Sci U S A 80: p. 6591-6595.

Sanzen L, Fredin HO, Johnsson K and Nosslin B. (1988) Fate of bone

grafts in acetabular roof reconstructions assessed by roentgenography and

scintigraphy. Clin Orthop 231: p. 103-109.

l9s



Sattar SA and Springthorpe VS. (1991) Survival and disinfectant

inactivation of the human immunodeficiency virus: a critical review. Rev

Infect Dis 13 p.430-447.

Schmidtmayerova H, Bolmont C, Baghdiguian S, Hirsch I and

Chermann JC. (1992) Distinctive pattern of infection and replication of

HIV1 strains in blood-derived macrophages. Virologt 190: p. 124-133.

Schnittman SM, Psallidopoulos MC, Lane HC, Thompson L, Baseler M,

Massari X', Fox CH, Salzman NP and Fauci AS. (1989) The reservoir for

HIV-I in human peripheral blood is a T cell that maintains expression of

CD4. Science 245; p. 305-308.

Schubach'WH, Hackman R, Neiman PE, Miller G and Thomas ED.

(1982) A monoclonal immunoblastic sarcoma in donor cells bearing Epstein-

Barr virus genomes following allogenic marrow grafting for acute

lymphoblastic leukemia. Blood 60: p. 180-187.

Schwarz A, Hoffmann X', L'age Stehr J, Tegzess AM and Offermann G.

(1987) Human immunodeficiency virus transmission by organ donation.

Outcome in cornea and kidney recipients. Transplantation 44: p.2l-24.

Schwarz N, Redl H, Schiesser A, Schlag G, Thurnher M, Lintner F and

Dinges HP. (1988) Inadiation-sterilization of rat bone matrix gelatin. Acta

Orthop Scand 59: p. 165-167 .

196



Schwarz N, Schlag G, Thurnher M, Eschberger J, Dinges HP and Redl

H. (1991) Fresh autogeneic, frozen allogeneic, and decalcified allogeneic

bone grafts in dogs. J Bone Joint Surg Br 73: p.787-790.

Shaw GM, Hahn BH, Arya SK, Groopman JE, Gallo RC and Wong

Staal F. (1934) Molecular characterization of human T-cell leukemia

(lymphotropic) virus type III in the acquired immune deficiency syndrome.

Science 226: p. 1165-117I.

Sheppard HW, Ascher MS, Busch MP, Sohmer PR, Stanley M, Luce

MC, Chimera JA, Madej R, Rodgers GC, Lynch C, et al. (1991) A

multicenter proficiency trial of gene amplification (PCR) for the detection of

HIV-I . J Acqtür Immune Dertc Syndr 4: p.277-283.

Shibata R, Sakai H, Kiyomasu T, Ishimoto A, Hayami M and Adachi A.

(1990) Generation and characteúzationof infectious chimeric clones between

human immunodeficiency virus type 1 and simian immunodeficiency virus

from an African green monkey. J Virol 64: p.5861-5868.

Shimozaki E, Tomita K, Matsumoto T, Itokawa H, Kitaoka K and

Kobayashi T. Reconstruction using Frozen or Autoclaved Massive Allografts

for Extensive Bone Defects. Asia-Pacific Association of Surgical Tisssue

Banking (1992) Fourth Meeting: p. 17.(Abstract)

Shutkin NM. (1954) Homologous-serum hepatitis following the use of

refrigerated bone-bank bone: report of a case. J Bone Joint Surg 36A: p. 160-

162.

197



Siegal FP, Lopez C, Hammer GS, Brown AE, Kornfeld SJ' Gold J'

Hassett J, Hirschman SZ, Cunningham Rundles C, Adelsberg BR, et al.

(1981) Severe acquired immunodeficiency in male homosexuals, manifested

by chronic perianal ulcerative herpes simplex lesions. N Engl J Med 305: p.

r439-1444.

Simmonds P, Balfe P, Peutherer JF, Ludlam CA' Bishop JO and Brown

AJ. (1990) Human immunodeficiency virus-infected individuals contain

provirus in small numbers of peripheral mononuclear cells and at low copy

numbers. J Virol 64 p.864-872.

Simonds RJ, Homlberg SD, Hurwitz RL, Castro KG, Dahan BA, Schable

CA, Rayfield MA and Rogers MF. (1992) Transmission of Human

Immunodeficiency Virus Type 1 from a seronegative organ and tissue donor.

New England J Med 326: p.726-732.

Sloof TJJH, Huiskes R, Van Horn J and Lemmens AJ. (1982) Bone

acetabular grafting in total hip replacement for acetabular protrusion. Acta

Orthop Scand 55: p. 593-596.

Slovic P, Fischof B and Lichtenstein S. (1979) Rating the risks

Environment 2I: p. 14-39.

Sodroski J, Goh \ilC, Rosen C, Campbell K and Haseltine WA. (1986)

Role of the HTLV-IVLAV envelope in syncytium formation and

cytopathicity. Nature 322: p. 47 0-47 4.

198



Spire B, Dormont B, Barre-Sinoussi F, Montagnier L and Chermann JC.

(1985) Inactivation of Lymphadenopatþ - Associated Virus by Heat, Gamma

Rays, and Ultraviolet Light. The Lancet 1: p. 188-189.

Springfïeld DS. (1987) Massive autogenous bone grafts. Orthop Clin North

Am 18: p.249-256.

Starr CTN and Browning HL. The rate loss concept in safety engineering.

New York: Dekker, (1980)

Staudte HW and Breicl¡mann B. (1991) fThermal processing of

homologous bone transplants for the bone bank as additional safety measure

in AIDS prophylaxisl. Z Orthop 129: p.108-110.

Stingl G, Rappersberger K, Tschachler E, Gartner S, Groh V, Mann DL,

Wolff K and Popovic M. (1990) Langerhans cells in HIV-I infectíon. J Am

Acad Dermatol22: p. 1210-1217.

Stramer SL, Heller JS, Coombs RW, Parry JV, Ho DD and Allain JP.

(1989) Markers of HIV infection prior to IgG antibody seropositivity. JAMA

262: p.64-69.

Sullivan R, Fassolitis AC, Larkin EP, Read RB and Peeler JT. (1971)

Inactivation of Thirty Viruses by Gamma Irradiation. App Miuobiologt 22: p.

6t-6s.

Sun NC, Shapshak P, Lachant NA, Hsu MY, Sieger L, Schmid P, Beall G

and Imagawa DT. (1989) Bone marrow examination in patients with AIDS

t99



and AlDs-related complex (ARC). Morphologic and in situ hybridization

studies. Am J Clin Pathol92: p.589-594'

Takahashi S, Sugimoto M, Kotoura Y, Oka M, Sasai K, Abe M and

yamamuro T. (1992) Long-lasting tolerance of articular cartilage after

experimental intraoperative radiation in rabbits. Clin Orthop p. 300-305'

Tateno M, Gonzalez-scarcano sF and Levy JA. (1989) Human

immunodeficiency virus can infect CD4-negative fibroblastoid cells. Proc

NatI Acad Sci U S A 86: P. 4289-4290.

Taylor JM, Kuo JM and Detels R. (1991) Is the incubation period of AIDS

lengthening? J Acquir Immune Defic Syndr 4: p. 69-75'

Tersmette M, de Goede RE, Over J, de Jonge E, Radema H, Lucas CJ,

Huisman HG and Miedema F. (1936) Thermal inactivation of human

immunodeficiency virus in lyophilised blood products evaluated by ID50

titrations. Vox Sang 51: p. 239-243.

Thadani v, Penar PL, Partington J, Kalb R, Janssen R, Schonberger LB,

Rabkin CS and Prichard JW. (19SS) Creutzfeldt-Jakob disease probably

acquired from a cadaveric dura mater graft. Case report [see comments]. -I

Neurosurg 69: p. 766-769.

Thein SL and 'Wallace RB. The use of synthetic oligonucleotides as specific

hybridization probes in the diagnosis of genetic disorders. In: Davis KE, ed.

Human genetic diseases: a practical approach. Herndon, Virginia, IRL Press,

(1986) p. 33.50.

200



Tindall B and Cooper DA. (1991) Primary HIV infection: host responses

and intervention strategies. AIDS 5: p. l-14.

Tindall BS, Barker s, Donovan B, Barnes T, Roberts J, Kronenberg c,

Gold J, penny R and Cooper D. (19SS) Characterization of the acute illness

associated with human immunodeficiency virus infection. Arch Intern Med

148: p. 945-949.

Tomford WW, Starlaveather RJ and Goldman MH. (1981) A study of the

clinical incidence of infection in the use of banked allograft bone. J Bone

Joint Surg 63(A): P.244-248'

Tomford w\il, Doppelt s, Mankin HJ and Friedlaender GE. (1983) 1983

bone bank procedures . Clin Orthop I74: p. I5-2I.

Tomford ww, Thongphasuk J, Mankin HJ and Ferraro MJ. (1990)

Frozen musculoskeletal allografts. A study of the clinical incidence and

causes of infection associated with their use. J Bone Joint Surg 72: p' lI37-

tt43.

Tranick TM, Stulberg BN and Wilde AH. (1986) Allograft reconstruction

of the acetabulum during revision total hip arthroplasty: Clinical,

radiographic, and scintigraphic assessment of the results. J Bone Joint Surg

68A: p. 527-533.

Triantafyllou N, sotiropoulos E and Triantaffllou JN. (1975) The

mechanical properties of the lyophylized and irradiated bone grafts' Acta

Orthop Belg 4l Suppl l: P.35-44.

201



Tschachler E, Groh V, Popovic M, Mann DL, Konrad K, Safai B, Eron

L, diMarzo Veronese F, Wolff K and Stingl G. (19S7) Epidermal

Langerhans cells--a target for HTLV-IVLAV infection. J Invest Dermatol SS

p.233-237.

Tuli sM, srivastava TP, sharma sv, Goel sc, Gupta D and Khanna s.

(1988) The bridging of large osteoperiosteal gaps using 'Decalbone'. Int

Orthop 12: p. ll9-124.

ueno Y. Sintered bone: a new type of bone graft. In: Aebi M, Regazzoni p,

eds. B one Tr anspl ant ation. Berhn, Springer-Verlag, ( I 9 8 S) p. 3 I 6.3 17 .

urist M. (1965) Bone: formation by autoinduction. science 150: p. 893-899

Urist MR, Mikulski A and Lietz A. (1979) Solubilized and insolubilized

bone morphogenic protein. Proc Natl Acad Sci U S A 76: p.1828-

urist MR. Bone transplants and implants. In: urist MR, ed. Fundamental

and clinical bone physiolog. Philadelphia, Lippincott, (1980) p. 331.368.

vallee H and carra H. (1904) sur I'anemie infectieuse du cheval. c R

Acad Sci 139: p.1239-1241.

van den Berg W, ten Cate JW, Breederryeld C and Goudsmit J. (1936)

Seroconversion to HTLV-il haemophiliac given heat-treated factor VIII

concentrate. Lancet 1: p. 803-804.

van winkle 'w, Jr., Borick PM and Fogarty M. Destruction of radiation-

resistant micro-organisms on surgical sutures by 60Co-irradiation under

202



manufacturing conditions. In: AnonymousRadiosterilization of Medical

Products. Proceedings of a symposium, Budapest,S-9 June 1967 and

recomended code of practice. Vienna, Intemational Atomic Energy Agency,

(1967) p. 169.180.

'Wain Hobson S, Alizon M and Montagnier L. (1985) Relationship of

AIDS to other retloviruses. Nature 313: p.743.

Ward JW, Holmberg SD, Allen JR, Cohn DL' Critchley SE' Kleinman

SH, Lenes BA, Ravenholt O, Davis JR, Quinn MG, et al. (1988a)

Transmission of human immunodeficiency virus (HIV) by blood transfusions

screened as negative for HIV antibody. N Engl J Med 318: p. 473-478.

Ward JW, Kleinman SH, Douglas DK, Grindon AJ and Holmberg SD.

(19SSb) Epidemiologio characteristics of blood donors with antibody to

lrum¿m immuno deficiency virus. Tr an sfu s i o n 28 : p. 29 I -3 0 I .

\ilard JlV, Bush TJ, Perkins HA, Lieb LE' Allen JR' Goldfinger D,

Samson SM, Pepkowitz SH, X'ernando LP, Holland PV, et al. (1989) The

natural history of transfusion-associated infection with human

immunodeficiency virus. Factors influencing the rate of progression to

disease. N Engl J Med 321: p.947-952.

\ilells MA, Wittek AE, Epstein JS, Marcus Sekura C, Daniel S,

Tankersley DL, Preston MS and Quinnan GVJ. (1936) Inactivation and

partition of human T-cell lymphotrophic virus, type III, during ethanol

fractionation of plasma. Transfusion 26: p.210-213.

203



'Wergedal JE and Baylink DJ. (1984) Characterization of cells isolated and

cultured from human bone. Proc Soc Exp Biol Med 176: p. 60-69.

West DC, Sattar A and Kumar S. (1985) A simplified in situ solubilization

procedure for the determination of DNA and cell number in tissue cultured

mammalian cells. An Biochem 147: p.289-295.

Whyte G. (1994) Safe transfusion: perspective from the blood supply agency

Transfus Sci 15: p.19-25.

\üilliams KA, \ilhite MA, Badenoch PR, Wedding TR, Alfrich SJ, Sawer

MA, Noach LM, Johnstone EW, Zilm G and Coster DJ. (1990) Donor

comea procurement: six-year review of the role of the eye bank in South

Australia. Aus t-N-Z-J-Opthalmolo gt 18: p. 7 7 -89.

Wilmes E, Gurtler L and Wolf H. (1987) Zur ubertragbarkeit von HIV-

infektionen durch allogene transplante . Laryngol Rhinol Otol 66: p.332-334.

Wirthington RII, Corner HP and Harris JRW. (1987) Isolation of human

immunodeficiency virus from synovial fluid of a patient with reactive

arthritis. BMJ 294: p. 484-

\ilithrington RH, Cornes P, Harris JR, Seifert MH, Berrie E, Taylor

Robinson D and Jeffries DJ. (1987) Isolation of human immunodeficiency

virus from synovial fluid of a patient with reactive arthritis. Br Med J Clin

Res 8d294: p.484,

Withrow SJ, Oulon SA, Suto TL, Wilkins RM, STRAW RC, ROSE BJ

and Gasper P\il. (1990) Evaluation of the Antiretroviral Effect of Various

204



Methods of Sterilizing/Preserving Corticocancellous Bone. Orthopaedic

Research Society p. 226.

\ilorld Health Organtzation. (1993) The current global situation of the

HIV/AIDS pandemic. Wkly Epidemiol Rec 68: p. 195-196.

Wylie BR. (1993) Transfusion transmitted infection: viral and exotic

diseases. Anaesth Intensive Care 2l: p.24-30.

Yoffey JM. (1990) Virus dissemination via the lymphomyeloid complex

Lymphologt 23: p. 60-63.

Zack JA, Haislip AM, Krogstad P and Chen ISY. (1992) Incompletely

reverse-transcribed human immunodeficiency virus type I genomes in

quiescent cells can function as intermediates in the retroviral life cycle. .r

Virol 66: p.1717-1725.

Zambruno G, Mori L, Marconi A, Mongiardo N, De Rienzo B,

Bertaz.zoni U and Giannetti A. (1991) Detection of HIV-I in epidermal

Langerhans cells of HlV-infected patients using the polymerase chain

reaction. J Invest Dermatol 96: p.979-982.

Zasackt W. (1991) The effrcacy of application of lyophilized, radiation-

sterilized bone graft in orthopedic surgery. Clin Orthop p.82-87.

Zucker Franklin D and Cao YZ. (1989) Megakaryocytes of human

immunodeficiency virus-infected individuals express viral RNA. Proc Natl

Acad Sci U S A 86: p. 5595-5599.

205



206




