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PORIWOTD,

This survey of infection of the new-born child by Staphy-
lococeus sureus wes earried out over o period of four yesrs and wes
conduoted in a fairly closed community of 95,000 inhabitants.

The control of Staphylococeal diseese in the new-born was
developed over three main periods end these cre discussed in separete
sections of the thesis. A further section concerns varicus other
aspects studied over the complete period. This arrengesent
necessarily entails some slight repetition but it is considered that
this wethod of presentetion sids more eritical assecsement of the
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I. INTRODUCTICN.

"The Staphylococcus sureus is the commonest cause
of neonatal infection in maternity hospitals, and
it causes a great variety of lesions,"”
J.L. Henderson, Honyman Lecture, EDINBURGH (1943).

The subject matter of this thesis is taken from a four year
survey of staphylococcal infection and staphylococcal disease in new-
born infants. The study was prompted in 1956 by the high incidence
of skin lesions, conjunctivitis and other minor cases of staphylocoeecal
disease occurring asmong the babies born in a modern mmlti-storied
maternity hospital.

Geelong & District Hospital is a 438 bed general hospital
serving & rural industrial eity of 95,000 inhabitants and approximately
60 genernl practitioners, There are in addition two small private
hospitals which undertake some surgery but no obstetries. All
public =nd private midwifery in Geelong and the surrounding districts
for a radius of spproximately 25 miles (Figure 1), is performed in
Baxter House (Figure 2), which is the maternity wing of the Geelong &
Distriet Hospital (Figure 3).

Baxter House has 95 maternity beds in single rooms, two and
four bed wards and one eight bed ward. There is a well equipped
delivery suite containing eight separate labour rooms and a modern
operating theatre. Only obstetrical surgery is performed in the
latter. There is a general nursery on each floor and a central pre-
rvature nursery on the first floor. The general nurseries are similar
on all floors and vary from 342 square feet to 432 square feet in area
and have in addition a chenging and food preparation room attaeched to
each (Figure 4). Infectious eases are nursed on the ground floor in
en isolation unit which has its own delivery suite and nursery.
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This maternity hospital performs an average of 2,400
deliveries per year of which slightly less than 20f are private
patients, The study covered all infants in the first ten days
of life in hospital with no distinetion between private and publie
patients, The average period of stay in hospital of eaech infant
vas eight days.

This study includes more than 95% of all babies born in the
Geelong area during the period July 1st, 1956 - September 30th, 1960,
The following two factors were largely responsible for making this
completeness possible.

1. The whole hearted support and assistance given by every
medieal practitioner in Geelong and the surrounding distriet in
supplying informstion about private patients and giving access to
these records,

2. The relatively closed and centralized medical services
present in Geelong and its surrounding district,

This survey has been responsible in Geelong and Distriets for
a better understanding and sensible handling of the problem of staphy-
locoecal infection in the new-born child, It has also formed the
basis of methods leading to the control and virtual elimination of
staphylococcal disease in the maternity wing of the Geelong & Distriet
Hospital and is thus direetly responsible for the marked decrease in
both the morbidity and mortality of infants., I am of the opinion that
these facts and the completeness of the survey and its follow up make
the study a definite contribution to the furtherance of medical
knowledge,



II. Historical,

"During the last year a disease has prevailed, to a
conaiderable extent, among the children born in the
hospitel, which is otherwise a rare occurence, viz,
the pemphigus infantilis.®

Edward Rigby, Genersl Lying-in Hospitsl, LOVDON (1836).

Much has been written in the past decade abcut the problem of
staphylococcal infection in babies in maternity hospitels in most parts
of the world (Barber, Hayhoe & Whitcheed 1949, Colbeck 1949, Melin &
Wallmerk 1949, Rountree & Barbour 1950, Douglas & Knights 1956, Wysham,
Mulhern, Navarre, La Veck, Kemmen & Giedt 19572). Reports have also
come from most stetes of Australia - 1.S.W. (Rountree & Barbour 1950) -
South Australia (MeCartney & Yates 1956) - Western Australie (Mathew &
Menessis 1956) and Vietoria (Plueckhahm & Banks 1958).

The public elso have been interested ond "the staph" is as
much a talking polnt between nursing mothers as it is between nursing
sisters. The dailly newspepers also periodiecally fen interest in the
"golden staph" and the generel public being leetingly as corcerned
about the staphylococcus as they are about muclear warfare. All these
things have increased the belief that the problem of the staphylocoecus
end the new-born has worsened or only arisen in recent years.

Early writing about the staphylococcus and the new-born child
mainly conecerns the skin menifestations of staphylococcal disease in
babies in the form of pemphigus neonatorum or impetigo neonatorum.
Many early reports of skin conditions likely to be staphylococeal in
origin are frequently confused by the prevelence of other diseases
caused by micro-orgeniems such as Treponema pallidum and the haemolytic
streptococcus. In like marmer the part played by the staphylococcus
in neo-nstal diseases of the eye is zlso largely clouded by the
gonococcus and silver nitrate solution,
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The earliest deseription of pemphigus neonatorum was by
Ochene in France in 1773 (Benians & Jomes 1929). The first English
report of staphylococ¢eal skin disease in the new-born came from the
Genersl Lying-in Hospitel, London in 1834 and was recorded as follows
by Edward Rigby in the London Medieal Gazette of 1836, "During the
laat year a disease hes prevailed, to a considerable extent, among the
children born in the hospital, which is otherwise of rather rare
occurrence, viz. the pemphigus infantilis, appearing on different parts
of the body, perticularly the extremities and neck, in minute vesicles,
which gradually ineresse in bullse, and which burst, leaving a raw
discharging surface: the ichorous fluid whiséh is seereted innoculates
the surrounding parts and this keeps up the disease for some time,
Generally speaking, the children have recovered from it, but in two or
three it has spread to a great extent ama preduecd such comstitutional
irritation as proved fatsl,” Dr. Rigby asked Mr, D, Dalrymple to draw
up a report on "Mrs. Marty®'s child" who was a particularly severe and
fatal ezee and whose mother suffered severely from inflamed nipples.
The report by Mr. Delrymple was concluded as follows, "This disease was
not confined to the children only, btut some of the mothers had many
spots, VMrs, Martyn in particular, and in a few deys after the post-
morter examination, during which I pricked myself, seversl spots made
their appearance on my face and chest, which were some days before they
healed and to the pain and irritation which they excited I can testify."

There were scattered reports in the French and German literai-
ure between the years 1850 and 1880, Lasegue & Trousseeux (1850)
deseribe an epidemic of "Variecelle Pemphigoid" which Broeq (1902)
considered was without question, an epidemic of pemphigus neonatorum.
Voldenhauer (1874) reported 94 cases of pemphigus neonetorum oeccurring
in an outbreak at the Leipsie Obstetridal Clinic in 1872-1873,

A very complete description of epidemics of a skin disease
occurring in a foundling hospital in Prague, between the years 1868 and
1878 was given by Ritter von Rittershain in 1878. In this year there
were 297 cases affeecting babies in the first or second week of life,



The condition was characterised by a redness commencing around the
mouth and rapidly spreading over the entire body or portions of it,
With the redness was oedema of the skin and exfoliation of the
superficial epidermal layer leaving a dark red dry or moist surface
beneath, There were in addition vesicles, bullae and pustules of the
intact skin, The condition lasted seven to ten days and was fatal
in 48% of the cases and was named dermatitis exfoliativa neonatorum by
Ritter, Many similar epidemics have been described and reported
since and some dermatologists still consider the condition as a distinct
entity, I am convinced by a study of the literature that the condition
is a special variety of pemphigus necnatorum and like Richter (1901),
Cole & Ruh (1914) and Allen (1954), consider Ritter!'s disease as one of
the manifestations of staphylococcal disease in the new-born.

Impetigo contagiosa was carefully studied by Tilbury Fox
(1864a & b) in England and he described pustules and vesicles of
typical staphylococcal skin disease in various reports of the condition.
Tilbury Fox extensively studied the condition but did not mention lying-
in hospitals although he did say that the eruption was first character-
ised by ".... its occurence chiefly in the child."

Demme (1886) first reported the isolation of an organism
from the lesions of pemphigus neonatorum when he grew a non-chromo-
genic diplococcus. Five year later Almquist (1891) studied an
epidemic of pemphigus neonatorum in the Maternity Hospital at Gottenborg
where 13/ of 216 children born were affected and of these four died.
Efforts made to isolate those babies affected and to disinfect the
hospital were of no avail and the outbresk lasted six months, Almquist
regularly isolated a diplococcus which he named Mierococcus pemphigi
neonatorum from the fluid in vesicles on affected babies and although
this organism closely resembled Staphylococcus aursus on culture, he
considered it to be different as it produced on human inoculation
experiments, & more superficial lesion than those resulting from
organisms isolated from a carbuncle,



The mediecal litersture just before and after the turnm of the
century contains much discussion about Perphigus neonatorur and
Impetigo contagiosa and showed a slow evolution of opinion considering
the camse as similar or the same, Faber (18900) considered the two
conditions identieal and that the varying clinieal picture wes due to
the differerce in age groups. Matzenauver (1900) studied both conditions
and considered therm identical end wes also of the opinion that the
organisms responsible were indistinguisheble from Stephylococcus
pyogenes sureus. This épinior was not uniformly held and others such
as Alnguist (1291) thought that the ceusative organiems showed slight
differeaces vhen carefully studied,

Clegg & Wherry (1906) reported that in 1904 almest every
child born in the waternity ward of the Civil Hospitel at Mamila in the
Fhillipine Iclands, contracted pemphigus neonatorum during the period
of convalescence of the mother. Thesc authors by careful baetericlog-
ieal sludy of five cases, isolated an organism identical to that deserib-
od by Alrquist end which they considered distinctive from Staphylococcus
pyogenes aureus on culiure, despile its eimilarity., GClegg & Wherry
also solaled an organism idenlical to that isoleted from the bebies in
& case of pemphigus contagiosus in an adult and they considered both
conditions identicel and named bhe causative organisms, Mierococcus
perphigl eontagiosial

Foerster (1909) described a benign and malignant form of
phemigus neonatorum and of the forwer said that few lesions developed,
constitutional symptoms were entirely absent, and repid hezling
cecurred, Even at this peried the setiology of pemphigus neonatorum
was 8bill confused and Foerster stated thal il could "be produced by _
elther the ecommon sitaphylococci or streptococci-wost often by the former."

Four of the six dermatologists taking part in a discussion on
Foeraster's paper were more convinced that the streptocoecus was the
usual eause of pemphigus neonatorum end iwpetigo contagiosa. VMest of
these opinions were largely influenced by and based on the investige-
tions end statements of Saboursud (1900) some nine years previously.
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Cole & Ruh (1914) deseribed an outbresk of nine csses of
pemphigus neonatorum in Cleveland emd from each case isolated a pure
growth of Stavhyleococcus aureus on eulture and also found numerous
groups of agglutinated Gram positive coeci in the veins of the lungs
end liver of one fatal case. Despite this evidence they stated
"Only very careful observations and extensive eultursl examinations’
will enable us to strietly rule out the possible existance of a pem-
phigus neonatorum due to the streptococcus,

Falls (1917) dispelled any lingering doublts coneerning the aet-
iology of pemphisus neonatorum by every eomplete bacteriological
investigation of an epideric of 69 ceses with two deaths which occurr-
ed in Chieego in 1915 and 1916, He showed conmelusively that the
disease was eaused by Staphylocoeceus aureus which under certsin condit-
ione of growth sppecred as the diploeoccus deseribed by earlier writ-
ers, Falls in sunmary said - "Perphigus neonatorum is & peculiar type
of staphylocoecie dermatitis oecurring in the new-born, but ecapable of
transmission to edults. The camsative crganisw iz a strain of Staphy-
lococeus aursus, indlstinguishable eulturally and biologically from
some other straing of staphyloecosccus but differing under certain eir-
cungtances worphologically, and showing different pathogenic tendencies."

With the duvelomﬁnt of bacleriology as a more exact seience,
other ways in which Staphylococcus aureus plsyed a part in the mortality
end morbidity of new-born infents beesme apperent., BErowne (1922)
found at the Royel VMaternity Hoepital, Fdimburgh, that pneumonia wes
responsible for 21 of 80 deaths in infants during the first week after
birth and stated that "Acute heemorrhagic pneumonia of infants forme a
distinet clinieal and pathological entity which gives rise to sudden
death in children who mey be spparently previously healthy, either full-
time or premature.” Browne isolated Staphyloccccus aureus from one of
the three eases in which cultures were made. It was in Edinburgh some
twenty years later thet Agnes MeGregor (1943) ngain esphesized the
importence of primary pneuronia in neonatal deaths and stressed the part
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played by the staphyloecoecus. She said "Ome fact about infection in
the new-born needs to be stressed, Newly born infents are highly
susceptible to infeetion by common organisms, even by some that are not
usually regerded as highly pathogeniec., As a first example may be eited
the cese of staphylococcal infections, Staphylococcus aureus always
has the potentialities of = dangerous pathogen, but is not familiar as
the sole cause of a form of primary pneumonia, When it plays a part
in the case of pneunonia in an older person it is usually as a concomi-
nant or complicating factor in an infection that is primarily due to
another cause, for example, influenze. In infancy, and especially in
the neonztal period, primary staphylococcal pneumonia, without emy
accompanying or antecedent infection, is far from uncommon.” This state-
ment was followed by a classieal deseription of primary staphylocoecal
pneumonia, Henderson (1943) quoted a 100% wortality of the 11 cases
of primery pneumonia oeccurring in 8075 infents. From then on numerous
reports occurred in the literature (De Pape &¥eEwan 1951, Kanof,
Epstein, Kramer & Mauss 1954, Teft 1955, Beaven & Burry 1956, Briggs
1957).

In Edinburgh in 1943, Henderson gave the first complete
picture of the ubiquity of the staphylococcus in Maternity Hospitals
end its wide association with infeetion in the mew-born. His acecount
is almost identieal with the numerous recent reports from maternity
hospitals all over the world., Henderson in clarifying the position of
the causes of infective conjunetivitis in 1140 infants said, "The most
striking points in the table are the overwhelming predominance of
Staphylococcus sureus conjunctivitis over all other types." The com-
plete review showed that there were 1185 cases of staphylococcal
disease during the stey in hospital of the 8075 infants born in the three
year period 1940 - 42. The cases included 624 of conjunctivitis, 550
of staphylocoeccal skin infection and 11 of primary staphylococcal
pneumonia, This last group was the only one in which deaths occurred.

The endemic nature of the staphylococeal diseszse in the new-
born was fully appreciated by Benisns (1943) who followed an outbreak



of "bullous impetige nmeonatorun" in the North Middlesex County
Hmitalmdnaidthatinthefollwingﬂmthsamﬂdpapulertm
of infection continued to oceur in five to fifteen per cent of all in-
fants born. Benions stressed that the presence of Staphylococcus
aureus in babies was not synonymous with staphylococeal disease snd
found the "earrier condition" widespread, especially in the winter
wonths when 30% of the women admitted to labour end nearly 100% of
babies ten days old in the nurseries were carriers of Staphylocoeccus
aureus,

Benians (1943) also cultured the milk of nine mothers and
found Staphylococcus sureus in seven. The only infant of the nine
mothers to develop impetigo was from one of the two mothers whose milk
remained negative throughout the investigation, At about the samwe
time Dunean & Welker (1942) showed that staphylococei eould readily be
transmitted from the throats of infected infants through spparently
normal nipples to the milk in the lactiferous ducts of their mothers,
The significance of this tremsmission from child to mother hss been
studied in later work coneerning the setiology of puerperal mastitis
(Colbeck 1949, Wysham, Mulhern, Naevarre, La Veck, Lennan & Giedt 1957b,
end Monre & Markhen 1958).

The first report of Staphylocoecus aureus occurring harrless-
ly in the nose of the new-born was by Bloomfield (1922) who said,
"These organisms were found in a few cultures."” He does however re-
port "white staphylococel were present in over helf of the cultures
but were not a consistent finding; they veried in mumber in verious
cultures from a few to innumerable colonies. Many types, both haemo-
lytiec and non-haemolytic were encountered." The "earrier state" in
the nose is now known to be much more frequent with reports of S.
aureus being recovered from the nose of up to 507 of babies less than
two days old and from almwost 1007 by the first week of life (Eneeland
1930, Elliot 1942, Cuneliffe 1949, Pleuckhahn & Banks 1958). Swabbings
of bables from various sites on the second dey of life by Gillespie, Sim-
psen ond Toser (1958) showed Staphylococcus asureus present as follows:-
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unbilicus 59% of cases, groin 55%, nose 44%,and neek 27%.of cases.

Fairehild (1958) in 2479 eord cultures showed that 80% of
umbilical stumps earried Staphylococcus aureus by the fourth day of
life, Despite the frequency of umbiliecal ecarriage of staphylococci,
prinary staphylococecal peritonitis is rare. Ryen (1953) reported
ohly one case occurring at the Edinburgh Royal Infirmary between the
years of 1929 and 1953, Beaven (1958) reported five ceses in Christ-
church, N.Z,, between the years 1950 and 1955, It is diffieult to say
whether this later report means an inerease in incidence or more avare-
ness of the condition - even if there is an inerease in incidence,
primary staphylococecal peritonitis is still a rare oecurrence,

Many early asuthors and some present writers consider that
neonatal outbreaks of staphylococcal diseanse are due to specisl strains
of staphylococel and that in faet an "impetigococcus” may exist
(Almquist 1891, Clegg & Wherry 1906, Falls 1917, Simpson 1941,and Flek
1959). Serological typing by Andersen (1943) in Norvay gave hopeful
evidence of a distinet type of staphylococcus easusing pemphigus neo-
natorum, Although Andersen said she ecould demonstrate the earriers of
the pemphigus staphylococcus among hospital personnel, subsegquent work-
ers were not as successful.

Serological typing fell into disuse with the introduction of
 phage typing which appeared to be an answer in investigating the epid-
emiology of staphylococeal disesse in the new-born (Spittlehouse 1955,
Gillespie, Fope & Simpson 1957;and Monro & Varkham 1958), Strains
with epparent marked ability to cause skin lesions were observed in
Austrelis by Isbister, Durie, Rountree & Freemen (195,)., In the foll-
owing yeer Rountree & Freeman (1955) reported on the isolation of the
new phage type 80 which was the esusative organism in 19 of the 24 out-
breaks of neonatal staphylocoeceal infection studied by them in hospitals
throughout Australis, Sinee this report, phage type 80 or its closely
allied variants has been deseribed as the common epidemic strain in
maternity units from all parts of the world - in New Zealand (Douglas &
Enights 1956), in the United States of America (Ravenholt, Wright &
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Mulhern 1957) and in England (Timbury, Wilsen, Hutehison & Govan 1958),
Other workers showed that Fhage type 80 is not peculiar to the new-
born and is just as common in general staphylocoecal infections end in
outbreaks in surgical units (Hennessey & Miles 1958, Williams 1959,
Williems, Talbot & Maughan 1959, Nationel Health arnd Medieal Research
Council Speeial Report 1960).

In the past twenty years much investigation has centred about
methods of econtrolling the spread of staphylocoecal disease in mater-
nity hospitals, The community nursery has fallen into some disrepute
and opinion has slowly evolved that it is probably better to nurse the
mother and baby together as a single unit in the same room or ward
(Henderson 1943, Medieal Research Couneil Memorendum No. 11, 1951,
and Barber, Wilson, Rippon & Williams 1953), The part played by the
staff, particularly as nasal carriers, has been extensively studied
(Parker & lennedy 1949, Miller 1950, Rountree & Barbour 1951, and
Rountree, Heseltine, Rheuben, and Shearman 1956), The infant and its
surroundings such as the hospital blankets, scales, napkinz and dust of
the nursery and ward also have been investigated (Medical Research
Couneil 1951, Marsh & Rodway 1954, Edmunds, Flias-Jones, Forfar & Balf
1955, National Health and Medieal Research Council 1956, and Timbury,
Wilson, Hutehison & Govan 1958),

Other workers have focussed their attention on the baby itself
in attempts to lower its carrier rate of the staphylococcus and in turn
the ineidence of staphylococcal disease., The three main sites concerned
in these attempts have been the umbilical cord (Jellard 1957), the nose
(Coventry & Isbister 1951), and the skin of the baby (Hardyment 1954).

The use of antibacterial substances such as hexachlorophene or
chlorhexidine has yielded very encouraging results in reducing the ineid-
ence of staphylocoecal skin disease in the baby (Gillespie, Simpson and
Tozer 1958, Hill, Butler and Laver 1959, Simpson, Tozer and Gillespie 1960).

The frequency, with relatively low mortality, of staphylocoeccal
infections in the new-born is now firmly established, There still
remains the problem of the complete ubiquitousness of the staphylococcus
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and there are many questions which still have to be answered about
its methods of transmission and means of attack in humans, The
work of Ridley (1959) on the perinezl carriage of Staphylococeus
aureus opens up another avenue of investigation with the possibility
of "Pemphigus infantilis" eventually being considered a gastro-
intestinal disease.
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ITI. BACTERIOLOGICAL METHODS,

Any reference to the stephylococcus in this thesis, refers
to a coagulase positive Staphylococcus sureus unless otherwise stated.
1. lMethod of Swabbing.

All swabbings were taken with cotton wool swabs moistened in

peptone watler,

(&) Nasal samples were teken through both nostrils.

(b) Skin samples were taken by rubbing a swab over the back of
esch hand and then into several inter-digital spaces.,

(e¢) Umbilical semples were obtained by rubbing the swabs in and
around the urbilieal stump.

(d) A separate conjunctival sweb wes taken from each eye.

(e) Rectal and vaginal swabs were teken with suitable aseptie
teehnique.

(f) Sanples from seales, door handles and other inert arees were
taken by vigorous rubbing of these aress with a moist swab,

2.  Cultures.

() 1956 - 1959.

All swebs taken werec plated on horse blood agar and read
after overnight inecubation at 37°C. If the staphylococcus
was isolated, the amount of growth was recorded as follows:-
The number of colonles if less than 10 eolonies;

+ (one plus) if 10-50 colonies;

++ (two plus) if 50-150 eolonies;

+++ (three plus) if heavy growth of separate colonies over the

whole plate;

++++ (four plus) if a confluent growth,

In addition every swab waz innoculated into nutrient
broth which after ineubation for 2, hours, was plated on to
blood ager. Since January 1959, "salty broth" (mutrient
broth with added 6% (W/V) Na Cl) has been used instead of
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3.

simple nutrient broth., All swabs which yielded a coagulase

positive Staphylococeus aureus were eounted as positive,

Ineluded were those swabs yielding small numbers of staphylo-

cocei revealed by the muirient broth or "salty" broth culture.
(v) 1960.

Following the introduction of hexachlorophene emulsion
all swebs were in addition plated on to a mutrient agar plate
containing 1% (¥/V) polysorbate 80. (Smylie, Webster &
Bruce 1959).

Coagulage Activity.

All Gram positive cocel isolated, other than streptococei,
were examined for coagulase reaction firstly by the slide techni-
que using humen plasma (Cadness-Graves, Williams, Harper & Miles
1943). If this was negative the strain was further tested by the
tube technique using 1:10 human plasma.

Anti-biotic Sensitivity.

All strains of stephylococeil isolated were tested for anti-
biotic sensitivity by using Evans "sentest" discs. The following
is a list of the strength and substances used;-

Penieillin 0.5 1.U,

Streptoryein 20 mierograms
Chloramphenicol 40 microgranms
Tetracyeline 10 mierograms
Erythromyein 1 mierogram

In 1958, 1959 and 1960 some staphylococel were in addition tested
againsts
Novobioecin Na 2 micrograms
Sulphafurazole 0.1 milligramme
In the 1956 and 1957 surveys many staphylococei were also tested
against:
Oxytetracyeline HC1 10 wierograms
Chlor-tétiracyeline 10 mierogranms



5. FPHAGE TYPING.

Many of the staphylococei isclated were phage-typed by the
method of Williams and Rippon (1952) with the addition of phages 71,
80 and 81, The stock phages were tested in 1959 against a set
of staphylocoecel from the Jtaphylocoecus Reference Laboratory,
Colindale, London and no significant departures from the expected
typing results of these strains were found. The majority of the
phage typing was performed by Dr, Hildred Butler of the Royal
Women's Hospital, Melbourne.

6. RECORDING OF INCIDEHCE OF S/APHYLOCOCCAL DISEASE IN BABIES.

All babies were examined daily over a period of 10 days in
October and November 1956, and Mereh and April 1957. As from April
1957 all babies were examined deily by the respective floor sisters
or a selected member of my staff, A swab was taken from any area
showing the slightest evidence of elinical infection - this included
reddened umbilical stumps, slightly "sticky" eyes and minor rashes.

Any infant with a lesion from which a staphylococcus was isolated
was recorded as having staphylococcal disease,

. This system was uniformly used throughout the entire survey
and probably resulted in a higher recording of staphylococecal disecase
than was actually the case, as the presence of the staphylocoecus in
some lesions may well bhave been incidental and not the csuse, Never-
theless it was considered that any method of selection was not justified
and in fact was impossible, for minor lesions ylelded confluent growths
of staphylocoeei and a severely inflamed eye or extensive pustular
lesion occasionally gave a negative culture,

. ™



. 1956 AND 1957,

"Practically every child born in the meternity ward
of the hospital contracts the disease during the
period of the mother's convelescence,"”

Clegg & Wherry, MANILA (1906).

A1l babies born were examined deily over a perlod of 10 days
in Oetober and November 1956, and again in March and April 1957.
Swabs were taken from any lesion found on the 380 babies under the
ege of 10 doys examined, 182 different lesions from 156 babies
grev a coegulase positive Staphylococcus sureus, that is 41,07 of
the babies born during this period showed clinical evidence of
staphylocoecal infectlon in the first 10 days of life.

The sltes and types of lesions growing staphylococei and the
incidence per cent of all bebies examined showing the particuler
lesior nre us followsi-

Sticky eyes 54 (14e2%)
Infected umbilicus 58 (15.3%)
Skin lesions 46 (12,11)
lesal infeetion 11 ( 2,9%)
Faronyehie 13 ( 3.4%)

PCARRIER RATE" OF STAPHYLOCOCCUS.

(a) Bables,

On two days in Mey and September 1957, swabs were taken from
both eyes, the nose and the umbilicus of ell normal babies up to
10 days old, 460 swabs were taken from the 115 babies and a
coagulase positive Staphylocoeccus aureus was lsolated on eulture
from 251 of these swebs,

99 babies ylelded staphylocoeci from at least ome site,

21 bables ylelded staphylocoeci from all four sites,
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The ages of the 115 babies examined are compared with the
presence or otheruvise of Staphylococeus sureus in Table I,
The infant "earrier rate" is shoun graphically in Figure 5.

TABLE . THFANT "CARRIER RATE® 1957,

AGE OF EUW“BER S. AUREUS SITE OF POSITIVE SWABS
BABY oF GROMWR
BABIES EYES | BBILICUS KOSE
0-12 hrs 3 0 0 0 0
12=24 hre 3 1 0 1 1
2days| 13 -3 4 6 5
3- 4 doys| 22 19 1 17 12
5« 6 days| 38 3 28 28 »
7-10 doys| 36 3 2 25 26
TOTAL 115 9 65 s ™

(b) LOINERS AND STAFF.
Coneurrently with the above survey the hands and noses
of 130 wembers of the nursing staff were swabbed,
S. sureus was isolated from the nose of 88 (687)
8. cureus wes isolated fyon the hands of 36 (287)
70 of the sbove group had throet swebs taken as well, Of
these ouly three yielded staphylocoeei,
118 nothers had swabe token fyom their hands and noses.
8. sureus was isclated from the mose of 62 (537)
5. oureus was isclated from the hands of 14 (127)
(e) ENVIRONERIS.
Miscellancous arees on all floors and the basement of
Baxter House were swabbed in Hoveuber 1956, and agein in
Vay 1957 by vhen certair reforms in nursing technique hed
taken plsce and there were fewer positive cultures, Despite
this the results of both menths heve been grouped together in
Table II, as the areas concerned vere Just es varied,
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IABLE II. VISCELLANEQUS AREAS GROWING STAPHYLOCOCCT 1956 & 1957,

o . : 3. AUREDS
SITE OF CULTURE SHABS TAKENW GROW
Belivery llogns
Infant "suckers" 5 2
Cord ties 4 1
Wash basin ledge 5 2
Floor 3 -
lursexics
Door handles 19 ?
Empty cots 3
Floor 16 "
Changing Doong
Changing bemch 2, 9
Baths " 5
Seales 8 4
Pen for recording weight 3 3
Cotton wool bin 7 1
Yarious "epirit" end oil bottles 24, 9
Various oiulvent tubes 10 2
Door handles 7 2
Window ledge FA 2
Floor 7 5
Lothexs
Breest pups 3 -
Lavatories - Door handles 12 2
Sheets 6 2
Bedroor floor 6 4
lurses
Touels 10 5
Wesh besin levers 15 2
Lavetories - Door handles 12 -
Telephone 1 1
Jaundry _
Bulk leundry-*Clean" 8 -
TOTAL 256 85 (33%)




3. SRARY.
*Outside show is a poor substitute for immer werth®,

M(m&c-)
The life of the bables was very busy in 1956 snd involved
repeated handling by various staff, At each bottle the beby was

handled by several people and then weighed on sceles from 507 of
wvhich, staphylococel could be grown, In addition, the infant
wvas covpletely undressed once a day and fully bathed in baths
frou vhich profuse growths of staphylocoeei could be growm in
five of the eleven swebbed (Table II), It was routine prectice
for most eyes to be wiped with voist swebs at intervals and then
to have one of a variety of antiblotiec or antiseptic drops or
ointvents instilled, Detween these procedures the babies slept
in attrctively painted commumity nurseries in which the air was
kept moving by the coming and going of rursing end nedicel staff,
by eribe being made, babies being changed and "dirty" linen sorted,
In nany cases wash-basins were separeted from the murseries by
doore which required opening by handles, All these things greatly
ineressed the case of transmission of the staphylocoecus.

An aspessvent of the amount of movesent by staff was obtlained
by giving mothers autosatic counters on which to record ench visit
by a vevber of the hospital staff, This included staff bringing
the baby in and out of the room, bed pans, dressings, neal trays,
flovers, letters end the other mmwerous interruptions often com-
plained of by "tired" mothers (Table III). The third column
represents the average mmber of visite per day for each individual
rother, Personal visitors of the patiemt are not included.
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IABIE III. MOVEMENT BY HOSFITAL STAPP

DAYS APTER oF AVERAGE VISITS
DELIVERY | VOTEERS FER DAY
First [ 139
Seeond [ 15
Third 2 il
Fourth 3 61
Fifth 3 56
Sixth L 2 51

The following three prineipe] facts were shown by the surveyf.

(a) he ubiquitousness of the staphylococeus,
(1) 100% "earrier rate” on babies by 5th dey of life,
(11) mwmmmmﬁmmmw

locoeei in their noses,
(113) 337 of the 256 nom-living erticles tested harboured the
staphylococeus.

(b) The constant handling of the new~born baby by mumerous differ-
ent staff,

(e) The gross amount of staff traffiec in a large meternity hespital,

The above facts lead to the following deductions concerning the cone

duet of Baxter House, |

(2) The observation of the mursing staff of firet prineiples in
handling potentially infected material end the understanding
of cross-infection waa very poor,

(b) Deily bathing and oiling of babies was a potential source of
eross infection,

(e) Frequent weighing of tebies did not sppear to serve any useful
purpose and wes a further vesns of trenssission of the staphy-
lococcus,
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(@)

(e)

(£)

Direct contact between staff, bebies and wothers appeared

to play the major role in the spread of the staphylococcus.

Droplet infection from staff did not appear to be & potent

source as only 47 carried the organiss in their throat.

Hoye & Thomas (1956) agree that egress from the wouth is an

unisportant factor in the dissemination of Staphylococcus

aureus,

Transfer of iInfeetion by the hands of staff was sceentuated

bys

(1) Poor positioning of wash besing - rany vere separated
frov area of use by doors,

(11) Use of commumity towels,

The wovenent and conteninotion of air was increased by the

changing of bed ¢lothes end sorting of dirty linen in

murseries.

Fach of the sbove could aid and accentuate eross-infection and wes
thus a potential source of staphylocoeecal disease in the new-born
(Pigure 6).

In view of the fects supplied by these surveys the following general
changes in the conduct of Baxter House were recoumended.

(a)

(v)

(e)

(a)

A1l mursing staff to heve regular and well prepared lectures
and demonstrutions comcerning first prineiples of aseptic
teclnique and the eontrol of cross-infection,

Daily bathing of bebies to stop. To be replaced by a bath
in sterile water 3-8 hours after birth, A further devonstrate
ion bath on day of discharge could be given to bables of
priviparas., Eyes only to be wiped if ordered by the wedieal
officer in charge.

Welghing of bables to cease unless medieally indicated, Bables
to be weighed on sterile peper on seale pan, This peper could
be newspaper and must be discarded immediately after use,

Any wevber of the steff with eclinical staphylocoecal infection
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to be excluded frow the maternity wing until he or she was
bactericlogically clear of the infection,

(e) Hand weshing facilities to be reviewed and the following
changes recormmended, ;

(1) Ree-positioning of wesh besins wherve irdicated.

(1) Hexnechlorophere antiseptic soep to be used for hand
washing,

(ii1) Commnity towels to be replaced by peper towels or
individual disposable towels,

(4v) "Hibitane” hand erean to be used on handa after drying,

(v) Doors to be removed where possible.

(f) Standerdiszation end eontrol in handling of "dirty” end elean
linen, Fo linen to be sorted in murseries or wards,

(g) The adoption of "Roowing In", That is the mursing of the
baby in & speecially comstructed self-contained cot (Figure 7)
next to the bed of its mother (Figure 8). 411 hendling of
the baby to be done by the mother,

The hospital suthorities agreed to immediately implenent all

recormendations other then (g) which was delayed pending the purchese

of suitable cols and education of the rursing staff and vothers in

the prineiples of "Rooming In",
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Vo 1957, 1958 & 1959,

"It is therefore incumbent on all who are respemsible

for the velfare of the bebles to realize that the price

of freedom from neonatel infection is eternal wvigilance®.
Agnes VieGregor, IDINBURGH (1943).

Jamuary 1957, and were ecmplete but for "rooming in" by May
1957, The incidence of recorded staphylococcal disease slowly
fell with the implementation of the changes ond by June 1958
ves half that of the previcus year, (Table IV). The lesions

also appeared to be less severe,

Special "reoning in" cots (Figure 7) were purchased in

June 1958, and following this the babies were removed fron the
central murseries after the firat 24 hours of life and entirely |
cared for by their mothers (Figure 8). Exceptions were mede ‘
for sedlcal recsons either in the mother or baby and this occurred |
in epproximately 50 of all deliveries. The adoption of "rooning
in® wes followed by a further drop in the nuwber of cases of
staphylocoecal disease and this irprovevent was maintained until
April 1959, vwhen the incidence of minor staphylococcal disease
rose rapidly (Pigure 9). This rise was precipitated at the end
of Mareh 1959, when the mursing staff were instrueted to move the
bables and cots back to the nurseries during visiting pericds and
ot night - in other words the begimning of the breakdown of
"rooming in". This change was the result of isolated eoxplaints
to hospital committee members that sowe bebies were being handled
by visitors, Full "rooning in" wes reinstituted agein in July
1959, and was follcwed by another decrease in the inecidence of
staphylococesl disease in the new-born (Figure 9).



IABIE IV.  INCIDENCE OF RECORDED STAPHYLOCOCCAL DISEASE IN NEW-BORN,
(The table gives the average per cent of babies showing staphylocoeeal

disease in each three menth period).

L.

TDVE BABIES BORN INFECTED BABIES

1937
April - June 557 34.TE
July - Septenber 616 33.62
October - Decerber 654 33,00

Jos8
January - Mareh 609 25,67
April - June 508 17.1%
July - September 591 1477
Cetober - December 615 7.9%

1232
January - March 59% 9.1%
April - June 559 17.9%
July - September 607 12,45
Cetober - Decenber 633 10,6%
TOTAL 6543 19.7%

2e -cm RATE® OF STAPEYLOCOCCUS AUREUS - 1959,

"The chief diffieulty concerning the miecrococei is, that
they ere often found in a form that does not readily

cause inflammation”, .
Sir Alexander Ogston, ABERDEEN (1882),

{(a) BABIES.

On two days in Moy and October 1959, swabs were taken
frov both eyes, the nose and usbilicus of norval bebies up

ﬁa‘*



to 10 days old, A limited but not selected mmber of these
bebies were followed to their homes and swabbed during the
first, second, third and fourth weeks after discharge from
hospital (Table V),

IABIE Y. INPART “CARRIER RATE® - 1959,

AGE OF | w®BER | S. AUREUS SITE OF POCSTTIVE SWABS
BABY or GROMN
BABTES EYES | WBILICUS |  ReSE
S I |
At birth 20 3 2 1 2
124 hre 21 1 i 10 2
2 days 25 22 9 16 4
3-4dsys| 50 45 22 3% 23
S5 6days| 50 47 28 32 26
7-10 doys | 55 51 26 36 35
1% aays | 18 15 10 12 %
2days| 19 1% 12 7 10
28 days | 18 13 13 8 i1
Baays | 19 13 11 10 10

(b) FOTHERS, NURSING STAFF AMD NORFAL WOMEI™,
At the seme tine as the bebles were swabbed, nasal and

band swabs were teken fron the mothers ond mursing staff,
Similar swebs were taken from one hundred consecutive
anbulant women attending the Pathology Depertment for tests
other than bacteriological tests. Fone of these women were
in-petients or out-patients of the Geelong & District Hespital,



ZABLE YI. PCARRIER RATE® OF MOTHERS, NURSTHG STAFF
AND PHORFAL WOMER® - 1959,

— -
. S. AUREUS
HUBER S, AUREUS | S. AUREUS | Deooorte

SWABBED FRO® BOSE FROM BANDS RES ISTANT

lothers 70 T 6% % 85%
Staff 70 /A LT 84%
"Norual

- 100 345 211 224

L

(e) MOTHERS IN LABOUR.
Vaginal, vectal and nesal swabs were taken in October 1959
from 100 eonsecutive mothers on commeneing labour,

TABLE VII. "CARRIER RATE® OF MOTHERS IN LABOUR

S. AUREUS TSOLATED
FUVBER SWABBED
HOSE VACTINA RECTIM
100 52 1 A
(d) EWVIRCH ENTS.
(1) “ROGMDNG IN® COTS.

In July, 1959 a surprise "spot check" wns done on the
technique of "rooming in", This check revealed seversl
pinor flavs in teclmique end one serious source of eross-
infection, The cots contain stainless steel bouls for
cotton wool end sterile water (Figure 7). These are used
by the nothers for any necessary tollet to the baly, which,
despite instructions to the contrary often included wiping
the eyes of the baby, At the time of the check the water
bowl was yefilled four hourly from & boiling kettle of water
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end emptied by a nurse after use into & bucket by hend,
One afternoon in May 1959, all cotton wool bowls and water
bowls fron four werds on cne floor were swabbed and the
swabs cultured,
The following are the results of the cultures,

Room 209

Water bowl (1)
Swab bowl (1)
Water bowl (2)
Swab bowl (2)
Water bowl (3)
Suab bowl (3)

Weter bowl
Swab bowl

vater bowl (1)
Sweb bowl (1)
Water bowl (2)
Swab bowl (2)
Hater bowl (3)

Suab bowl (3)
Water bowl (4)
Sweb boul (4)

Water bowl
Swab bowl

(11) DELIVERY ROMMS.

Eight colonies of 5, aureus,

lo growth,

8, albus +

One colony of 5, aureus,

S. albus +

Se albus +, and Grar negative beecilli,

One colony of S5, albus,
Se 8lbus +

Proteus ++, and 5, albus +
Proteus ++, and S, albus ¢+
&3 albus +

20 colonies of S, aureus,

10 eclonies of &, aureus and 15 colonies
of Baet, coli,

Three eolonies of &, aureus.
10 colonies of S, aureus,
One colony of S, albus.

Se albus +
Se 8lbus +

In July 1959, e sinilar "spot check™ of the"sterile
delivery trolleys" in the eight labour wards wes perforred,
These trolleys were made up following each delivery and any-
thing fron one hour to two deys could elapse before next use,

ﬂm-
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It was routine to include & swall steinless steel bowl eontaining
"sterile" water and cotton wool swabe on the trolleys and these were
generally used for wiping the eyee of the beby at birth, The "spot
check” resulted in & growth of five eolonies of S, sureus from &
swab from one bowl, The trolleys are now mede up daily if used or
not.

SUMMARY .

With the implementation of the gereral recommendations the ineid-
ence of staphylocoeeal disense slowly fell in the bebies (Figure 9).

"Hooming in" appeared to be a very real fector in the mnintenance
of this improvement and & breekdown in its practice during April, May
end June 1959, wes reflected by an increased incidence of staphylococesl
disease in the new-born (Figure 9).

The "carrier rate” of the staphylococcus on the hande of mothers
rose from 12,07 in 1957 to 74.0% in 1959, The organisms isclated
showed a different semsitivity to penieillin from those isolated from
the hands of "normal" women, The ineressed handling of the babies
by their mothers with "rooming in" was apperently responsible for this
merked rise in hand "cerrier mate” of mothers (Table VI).

The marked decrease in the incidence of staphylocoecal disease
and the lessening of severity of the lesions in the new-born in 1959
was rot accompanied by a corresponding fall in the infent "earrier
rate" of staphylococel when compared with that of 1957 (Figure 10),

The necessity for sdequate bactericlogieal investigations and
the need for constant vigllance in checking mursing teehnique was
shown by "epot checks" carried oul in the wards and in the delivery
suite in July 1959, These checks were a further demonstretion of
the complote ubiguity of the staphylocoeeus and elso & practieal
method of maintaining the interest and co-operation of the mursing
staff,




VI. 1960 - CHEMICAL SUBSTANCES APPLIED 70 SKIN OF BABY.

"La foree de resistance aux antiseptiques en
géneérel, ainsi que la faculté d’accormodation
que nous venons de wentiommer, sont diffeérentes

dans les divers micrcvorganisves,”
M.G. Eossiskof, PARIS (1887).

1. INTRODUCTION.

Many hospitals have approached the problem of the staphylococcus
and the new~born child by concentreting on lowering the nasal “"earrier
rate” in both the baby and mursing staff., The results have been
heartening and there is undoubtedly justification for the use of an
antibiotie eream in the nose when conbating temporary outbreaks of
severer and more prevalent staphylococcsl discese, It is possible,
perticulerly in the beby, that the removal of one organise sey well
nake the way clear for colonization of the nose by another more
troublesone orgeniss and the constant use of these substances in the
nose has been questioned (Rountree & Barbour 1951, Monro & Markhaw
1958).

Other vworkers have concentrated on investignting the application
of substances such ss hexachlorophene and chlorhexidine to the skin
of the baby in attempts to kill amy staphylococcus lodging there,
(Gillespie, Simpson & Tozer 1958, Eill, Butler & Laver 1959, impson,Tozer
& Gillesple 1960). Hill and cowworkers at the Royal Wormen's Hospital,
Velbourne, by "dry washing” babies with hexaehlorophene erulsion,
reported & reduction in staphylococcel disease in six months from
152 to 1,37 of the babies bomn,

The resulis are eonvineing but I comsidered that there nmay be
other factors playing as large & pert as the chenical substence itself,
For instance, the use of specisl methods keeps the probles constantly
before all people handling the bebies and will result in edded care
and vigilsnce and better observation of the first prineiples of asepsis,
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The very best that can be said of antisepsis is that it is but a part
answer in the control of any infectious diseese (Kossiakoff 1887).
The coating of the skin with e proteetive layer (ef. vernix caseosa)
eay in itself, without antiseptie substences, protect the skin frow
uinor treuna and sc lower the ineidence of staphylocoececal skin
lesions in the new-born,

In Jamuary 1960, e substance almost identical im eppearence and
consistency lo the cormercially ramufsctured hexachlorophene enulsion
(phisohex) was prepered in the phormacy of the Geelong & Distriet
Hospital,

(=) Ehisohgx. (Winthrop Laboratories)

An entibecterial sudsing detergent in the form of a creauny
erulsion and eontaining -

Entsufon (a detergent)

Lanolin cholesterols

Pareffin

3% (¥/W) Hexachlorophene

(b) Geelong Hospitel Erulsicn.

Of almost the sare appearance ard consisteney as phisohex
but leaving a slightly greesy covering on the skin after
application ard conteining no hexachlorophere. The
forrule is as followsi-

Arachis 011 50 vl
ideps Lance 2 g
Lanette Wex N, 67 g
Glycerin 67 ul,
Alkethos "Lissapol” (detergent) 20 nl,
011 of Neroll (perfume) 1.2 nl,
Distilled Hater 70 vl,

Commeneing in Jamuary 1960, all bebies born in Bexter House
were treated with one or other of the esulsions in & sammer sinilar
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to that used by Hill et al (1959) in the application of
hexachlorophene erulsion to babies at the Royal Women's Hospital,
Melbourne.

The mursing staff of Baxter House were issued with the
following instiructions eoncerning the application of the emulsions
to babies.

Babies will be treated as followst-

2 CeC.8. of euulsion will be delivered on to & cotton wool sweb
fron the dispenser supplied (each depression of the plunger will
dispense 1 ¢.0.)e The sister will them swab the entire body sur-
face of the baby with the esulsion paying particular attention to
the sealp, the skin cresses of the neck, axillse, groins and matal
clefts. A sweb poistened in wars tap vater is them taken and
again the bohy is thoroughly swabbed., 4 lsther will be obtained
by this procedure. The lather is them wiped off by cotten wool and
the baby dried. 1 c.e, of the emulsion is now taken on another
swob and wiped over the whole skin surfece, sgnin taking perticular
care to cover the skin cresses, This 1s allowed to dry on the baby,
The baby is then dressed in the usual wanner,

If there are exceasive avounts of vemix or meconium, the
initial 2 e.c.8. of emulsion vy need to be inercased. The sister
perforning the treatment will wear sterile gloves,

Lopl-iialal Jxesiuent

(e) loxual babigs willi be treated on alternate days following
birth, Whenever possible the rother will carry out treat-
vent under the supervision of the mursing staffl,

(b) Sick sud lureery belies will be dealt with by the sisters
end pothercraft nurses &8s in opening instruetions,

(e) Cassaresn Section babigs will be dealt with Initially by
the sisters soon after the arrivel from theatre and therve-
after by the mother vhen she is fii to handle ber own baly,
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(@) Erepstupe bobigg will be treated s in the opening instruete
fons and this will comence when the beby's condition ellows

and thereafter at eseh weighing or vhen the opportunity
offers,

loutdne Oillug of Bableg
This will eease following the introduetion of this proecedure,
Water only is to be used for clesnsing the buttocks ete, This

also applies to premature babies,

Slive Ol or Olntuente
These are not to be used unless they are speeially ordered by

the beby's own dector,

dxeqtpent of ihe Cord will be 28 Tollowss
The baby will arrive frou the delivery suite with e sterile

dressing and binder on the cond, After the baby hes been treated
with the emulsion, re~tie the cord if necessary and apply o sterile
dreseing and the binder,

12 hours after the birth or later the coxd is re-tied and
peinted with 1,25¢ (WA) iodine in eleohol. This must be done
with a sunb stick and core taken to see that the beby's skin about
the unbilicus is not burnt with the lodine, The cord is then left
without a dressing and binder and painted omce daily until the econd
bas separaied. In the "rooming in" technique the wother is to be
instructed to hold the cord up while the sister paints it, Vhen
the nursing staff hendle the cord they sust scrub as for a sterile
procedure,”

"Dry weshing” the bmbies commenced on January 18t.1960, The
Ground ond Second Floors were issued with phischex, The FPirst and
Third Floors vere issued with the Geelong Hospital Exulsion,

The redical profession and pursing staff were told that both
esulsions vere identical end that the only difference lay in the
Geelong Hospitel Evulsion being prepared in the hospitel phervacy
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and consequently much cheaper. It was expleined that the purpose
of the experiment was to test the relative merits of the two
preperations and all concermed were of the impression that both
preperations eontained hexachlorophene,

On April 1st. 1960, all dispensers and stock bottles were
cleaned out and phisohex was issued to the First and Third Floors,
and the Geelong Hospital Emulsion issued to the Ground and Second
Floors.

2, BACTERIOLOGICAL METHCDS. THE USE OF FOLYSCHRBATE 80,

Polysorbate 80 ("Tween 80"), is e complex mixture of poly=
oxyethylene ethers of mixed partial oleie esters of sorbital
anhydrides, "In vitro)) it possesses an inhibiting aetion on the
beeteriostatic power of hexschlorophene (Lawrenece and Erlandsen 1953,
Erlendson and Lewrence 1953, Smylie, Webster and Bruce 1959).

It vas considered that the introduetion of phischex and the
Geelong liospital Emulsion might invelidate the resulis of cultures
taken by leaving minute residual amounts of the emulsions adhering
to swnbs teken from skin lesions. In view of this the following
. tests were designed to assess and eliminate any sueh possibility,

(e) Culture plates eontaining 1% polysorbate 80 in nutrient
agar were flooded with serial dilutions of phischex,
The excess fluid wes pipetted off ard the plates then
dried in au incubator at 37° G,

(b) Similar pletes were flooded with seriel dilutions of
the Ceelong Hospital Emulsion and the excess pipetted
off and the plates dried.

(e) A1l platee were inoculeted with cne drop of 2 six hour
broth eulture of & local stephyloeoceus (S, esureus,
strain LOWTHIAN, phage type 80/81) spread on the plates
with a vire loop.

The growth resulting from these eultures is shown in Table VIII,

-



TABLE YIII. BACTERTOCIDAL EFFECT OF POLYSORBATE 80 ON
S. AUREUS IN PRESENCE OF PHISOHEX A'D
GEELONG HOSPITAL EMULSTON

DIHchﬂI PHISCHEX GEELORG HOSPITAL EMULSION
BULSION | GONTROL FLATE| FOLYSOBATE | GovmeL | roizsammim |

PLATE PLATE PLATE
125 Ho growth e 4+ e
1210 o growth e 4 it
1350 No growth g e prse.
12100 lo growth A e et
1 2 500 lio growth et b P
1% 1000 | No growth e e vt

e

A similar test of dilutions of the two emulsions
was done to ascess the effeect of the emulsions on the
growth of organisme other than Staphylosoecus sureus
(Teble IX),



ZABLE 1X.

ACTIOR CF PHISOHEX, GEELONG HOSPITAL ENULSION
AND FOLYSORBATE 80 O VARIOUS ORGANISHS

CRGANI o BLOCD |IUTRIENT sﬁlﬁm BLOWD | wurRrER? | PORL
BULSI0N AGAR AGAR AGAR AGAR AGAR AGAR

1210 HeGe | WG + pRwes - e

STREP,

e 1 & 100 + B.G. | H.C. ot ek ¥.C.
- 1 s 500 ++44 | NG, H.G.  aad e HeGe
1: 10 et | 4 et R FEs R

BACT, 1 & 100 bt Py b e g ER
COLI 1 2 500 444 bbb R ER S s PR
1210 s+ | NG PR PR PR g

FROTEUS 13 100 *red | s ++44 R, 44 rite
VALGARTS 1 3 500 ot R d Tkt b b et

ﬂ

12 10 444 | +44d L RS e et e

Fo. 1: 100 bt | e Py P 444 .

¢ 500 $e4d | +ees se0e ‘| seee - P

MONILIA $ 20 444 | 4eee . e ] ERey B
ALBICAES ¢ 400 +ée | sere bt ey +444 ER Y
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Consideration of Tebles VIII and IX shows the following,

(a) Polysorbate 80 is an efficient imnctivator of phisohex
in vitro,"

(b) Polysorbate 0 hes no becterioeidal effeet on the
organisms tested, other than Streptococcus viridans,

(e) The Geelong Hospital Emulsion hes slight if eny
bacteriocidal effect.

(d) Phisohex has but very slight bacteriocidal effect on
any orgeniss other than the staphylococcus and
streptococeus,

As a result of these findings all swabs taken from Baxter
House in 1960 were immediately plated on a mutrient agar plate
containing 12 (V/V) polysorbate 80 in eddition to horse bloed
agar and "salty broth"” as previously,

Teble X shows the ineidence of staphylococeal disease in the
new-born following the introduction of "dry washing” the bebies
with phisohex and the Geelong Hospital Emulsion om Jamuary 1st
1960, The incidence is recorded in three month periods,

IABLE X. RECORDED INCIDENCE OF STAPEYLOCOCGAL DISEASE TN NEW-BORN,
JANUARY = SEPTEMBER 1960,

2960 papms | STAPHYLOCOCCAL DISEASE

. ALL LESIONS|SKIN LESIORS
Jamuary<‘areh 629 3.75 0,645
April - June 628 6,57 2,7%
July - Septesber 67 5e20 2.8%




Phisohex was used on the Ground and Second Floors during the
first and third three month period and the Geelong Hospital
Emulsion during the peried April - June 1960 (Table XI).

IABLE XI, RECORDED INCIDENCE OF STAPHYLOCOCCAL DISEASE ON
GROUND AND SECOND FLOORS, JANUARY - SEPTEVBER 1960,

STAPHYLOCOCCAL DISEASE
1960 BABIES BORN
ALL LESTONS | SKIN LESIONS
Januery - March 325 5¢5% 0.9%
(PHISOHEX )
April - June
(Geelong Hospitel 337 8,6% 3.6%
Emulsion)
July - September i 1
(PHISOREX) 352 4e5% WA 4

The Geelong Hospital Emulsion was used on the First and Third Floors
during the first and third three month period and phisohex was used
during the period April - June 1960 (Table XII).

TABLE XTI, RECORDED INCIDENCE OF STAPHYLOCOCCAL DISEASE ON
FIRST AND THIRD FLOORS., JANUARY - SEPTEMBER 1960,

STAPHYLOCOCCAL DISEASE

1960 BABIES BORN
ALL LESIORS | SKIN LESIONS

January - Mareh
(Geelong Hospital 304 1.6% 0.3%
Enulsion)

April - June
(PHISOHEX)

2N 4o1% 1.7%

July - September
(Geelong Hospital 319 6,0% bel
(Emulsion)




4o SCARIER DATE® OF OTAPMYLOCCOOUD AUREUC DURTIHG "DRY WASHIG®.

Sunbe wvere teken et delivery from both qyes, the nooe, and
whilicus of ton consecutive bobics born during Peteunry, Vareh,
April, Yoy ond Juve 1960. There wns no selsotion of these bobies
regerding the day in the sonth Lint coch series wos comenced or
the probtable floor to which the infmnt would be sent, The vothers
of tiese bebice were swebbed fyoe both postrils, on edoission in
labour end on the day of discherge fror bospital,

The bubles wore agnin swebbed from ell sites withidn 48 hours of
dalivery, egein on the thisd or fourth daye, them on the Fifth or
sixth doy end fieally fn the hospital on the seventh, edghth, ninth
or tenth day. This suebblog wos repeated ot hoce during the thind
ond sixth week after birth,

(o) DFANT "CURTR BATE® 3960,

ZSBLE XII3. TSPANT PCABRIER RATE® IN BOGPITAL MED AT HOVE,

AGE OF WOBER o, chowmg | STTE OF FSITIVE s
BADTES SERID | S, AURRUS
At Dirth 50 S 2 - 3
1« 24 hoe, 27 7 3 4 3
2 anys 23 8 3 5 2
3 or 4 doyo 50 29 9 15 12
5 or 6 doye 50 <l 15 0 15
74897 or 10
deye 32 20 1% 9 17
3 weeis 38 3 10 1 17
6 vesls 36 25 13 1% 2
‘_____J- - - -—L—L———J—_




Table XIV and XV ghow respectively the "earrier mte" of these
infants "dry weshed" with phischex and those with the Geelong Hospital
Erulsion.

JABLE XI¥. “CARRIER RATE® OF INFANTS 'DRY WASHED® WITH PHISOEEX

ACGE OF rmmm S. AURFDS SI1E OF POSITIVE SUWABS
Sp——" i — EYES WBIme{ lICSE TOTAL
At birth 2 2 2 % N 2
1= 24 hre 14 2 - 2 = 2
2 days 10 2 1 1 < 2
384 days| 24 10 6 6 5 17
Shbbpe XN 8 4 6 7 17
7 = 9 days 2 6 4 4 5 13
3 weeks 19 9 3 7 a 18
6 wecks 19 10 6 5 8 19

JABLE XV, "CARRIER BATE® OF INVANTS “DEY WASHED' WITH GEELONG HOSPTTAL

EMULSTON.
aGE oF | memER | s, avemvs pern & JoTrEE ey
BAPLER T - rYES tmmmrﬂ BOSE | TomAL
At birth 26 3 - - 3 3
1<«2 brs| 13 5 2 1 3 6
2 deys 13 6 2 4 2 8
3 & 4 days 26 19 13 2 7 29
5& 6 days| 20 16 1 12 8 31
7 = 9 days 20 14 12 5 1= 29
3 weeks 19 % 8 4 9 21
6 wecks 19 15 9 9 1% 32
d " . *— ——




(b) LMOTHERS.

The mothers of the babies in Teble XITI were swabbed
frou both nostrils on advission in labour and again en
dlscharge howe with their bables., The time of discharge
from hospital varied from six to ten days after admission,
Hore mothers were nesal cerriers on discharge from hospital
then on sdmission to hospital (Table XVT),

Ho mothers or babies were treated with antibiotic nasal
ointuents, The staphylocoecus was an ever changing inhabitant
of the mother's nose, e.g. five sothers who were nasal carriers
of staphylococei on advission gave negetive nasal cultures on

disclarge from hospital,

ZABLE XYJ. UASAL "CARRIER RATE® OF MOTHERS ON ADMISSION AND

ON DISCHARGE VROM HOSPITAL, JANUATY « JUNE 1960,

-y

Ol AIMISSTON OF DISCEARGE
MMBER FOSITIVE | NUMBER msxm_l
PR S
INFANT "DRY WASHED® 2 " 23 1

WITH PHISOHEX

INFAKNT "DRY WASHED™
HOSFITAL BMULSION

Se

TOTAL 50 19 48 24
k. SR N ——
SUMMARY.

The introduction of a method of "dry washing” the babies vas

followed by a marked decrease in the recorded ineidence of staphy-
lococcal disease in the new-borm (Teble X), This decrease applied
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to those floors using the Geelong Hospital Fmulsion as well
as those using phischex (Tebles XI & XII),

The rpcord low incidence of staphylococcal disease showed
& slight inerease in the second three vonth period but fell
agein in July 1960, At no time was the ineldence greater
than the lowest level attained prior to "dry washing” (Table X).
Those floors using phischex vaintained e lover incidere: af
staphylococeal disease than the floors using the Geelong
Hospital Emulsion (Tables XI & XII),

The overall "earrier rate” of the babies was still high
but shoved & definite decreese over that of 1959 whon 907 of
babies were carriers by the 4th day of life. In 1960 only 587
of babies carried the staplylococcus by the 4Ath day of life
(Tables V & XTIX).

The presence of hexachlowophene in the emulsion used for
“dry washing” bables was o grester semns of lovering the infemnt
“earrier rete” then "dry washing” without sdded hexachlorophene
(Tables XIV & XV), TRecen be ssen thet by the 4th day of 1life
41% of the babies washed with phischex and 737 of the bubies weshed
vith the Geelong Hospital Erulsion carried the staphylococcus,

The mumber of mothers and their variance in nasal "cerrier
rate” was not grest enough to be significent but the irpression
was gathered that the nasal "carrier rate” wes lowered in sothers
vhen their infants were "dry washed® with an esmlsion containing

hexnchlorophene (Table XVI),

odl w
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VIIi. OTHER ASFECTS OF SURVEY, 1956 - 1960,

"The mention of the orgonisms that exist on the
surfeces of the lnman body naturelly suggests
the inquiry, ere they imnocent or noxious?"

Sir Alexander Ogston, ABERDEERN (1882).

ANTIBIOTIC SENSITIVITY CF STAPHYLOCOCCI ISULATED.

It is not the purpose of this thesis to discuss the
problers associcted with the use or misuse of antibloties and
the erergence of antibiotiec resistant stephylocoecel, All tlat
will Ve attempted is to use the semsitivity of the staphylococcus
to ponicillin and tetrecyline as a suppleventary aid in studying
the epiderdology of staplylococcal disecse in the nowe-bommn,

Table XVII couperes the antiblotle pattern of the staphy-
lococel isoleted in the weternity wing with that of the struins
isolated from the gemerel wamis of the Geelong & Distriet Hospitel
and fron the genoral commamity outside the hospital, It will be
secn froom this table thet the antiblotic pettern of the stroins
isolated from Bexter House is sinilar to theat of the staphy-
lococel found in the general population and unlike the overall
sensitivity patiern of the stapiylococei cultured frow nedical
and surgienl conditions present in the general wards of the
Geelong & Distriet Hospital,



TABLE XVIJ.  ANTIBIOTIC PATTERN,

JULY 1956 - JUNE 1960,

L

GENERAL WARDS, MATERNITY WING, GENERAL FOPULATION.
" AETIBIOTIC GENERAL | MATERNITY GENERAL

TEAR PATTERN WARDS WING roFuLATION | TOTAL
lo, of Strains 90 507 60 657

1956 Pen, Resist, (%) 85.5 99.4 85,0 96,2
lo. of Strains 380 1066 243 1689

1957 Pﬁ. Resist. (ﬁ) 87.6 72.9 6504 75\»2
Tet. Resist. (%) 33,7 8.3 6.5 13.8

Fo. of Strains 333 455 167 955

1958 Pen, Resist, (%) 81.7 57.1 52,7 64,8
Tet. Resist, (%) 42,6 11.4 9.5 22,0

No, of Streins 329 1406 216 1951

1959 Pen, Resist.(?) 80,9 68.4 59,7 69.5
Tet., Resist.(Z) 3443 10,5 12,0 147

No. of Styeins 153 302 146 €01

1960 Pen. Resist.(?) 83.0 57.0 60,3 6l
Tet, Resist.(?) 38,6 11.6 07 18,0

1956 Vo, of Straine 1285 3736 832 5853
to Pen, Reoist, (%) 83.7 71.9 61.9 72,9
1960 | 7et, Resist.(Z) | 36.4 10,5 9l 163




The 3736 strains isolated from the matermity wing include
2025 staphylococel from bables with staphylocoecel disease,
The latter eve compored with lesions frow the gemeral wards of
the Geelong & District Hospital in Table XVIII. This table
shows that the antibioiic pattern found in the staphylococei
isclated froc lesions in the generel wards is different from
the overall sensitivity pattemm of the staphylocoeei ceusing
disease in the new-borm,

ZABLE JELITANTIBIOTIC PATTERN OF STAPHYLOCOCCI ISOLATED FROM LESIONS IN

TEE NEVW-BORN AND IN THE GEVERAL WARDS,

1956 -« 1960,

STAPHYLOCOCCAL
DICEASE OF
NEW=-BORN MEDICAL _ SURGICAL CHILDREN
Strains 2025 433 593 259
| Penieillin
Te

1711 of the 3736 streins of stephylocoeci isolated in Baxter
House were from variocus "carrier reate” surveys and of theée sone
203 vere from either the hands or nose of mursing staff, The
antibiotic patterm of the latter is covpered with that of staphy-
lococel isolated from staphylococcsl lesions of the new-born and
fron "carrier rale™ survey of the mothers, bables end erviremrent

h'rﬂhllm.




ZABIE XIX. ANTIBIOTIC PATTERN OF STAPHYLOCOCCI ISOLATED

I BAXTER HOUSE, 1956 - 1960,
11'.‘?"II.I‘!I!.'!.‘.t?!.’:m(:M. MOTHER, BABY NURSIRG ' TOTAL
DISEASE OF & ALL
WEW-BORE T.L!7[»2"6’].'l‘ll:ﬂ'EEl'.l' STAFF CATECORIES
Humber of
Stred 2025 1508 203 3736
Penieillin ;
Tetracycline
e e 12.5% 8.0% 15.2% 10,5%

The mursing staff of the raternity wing is quite separate from
that of the gemeral wards of the Geelong & Distriet Hospital but for
sharing & common dining room and Nurses' Hove,

A study of Tebles XVII, XVIIT & XIX showed the following trends
in the antibiotie pattermn of staphylococei isolated.

(a) The pattern of the strains isolated from lesions of the new-
born tended to follow that of the staphylocoeci isolated in
"earrier rate” surveys of Bexter House and from the general
conrumity,

The overall patiern of strains isclated from lesions of the
new-born was different from that of mediecal and surgieal
infections in the feneral wards of the Geelong & Distriet
lospital,

The antibiotic pattern of the staphylococel carried on the
hands and nose of mursing staff in thé matermity wing does
not closely follow the pattern of etreins frow medical and
surgical infections or that of staphylocoecal disease in the
new-born,

A study of the antibiotic pattern of staphylococei isolated gives
the iwpression that there was not a particular “"Hospital Steph,” respons-
ible for the high inecidence of staphylococeal disease among the new-born
in Geelong,

(®)

(e)



2, BACTERIOFHAGE TYFES OF STAFEYLOCOCCY IECLATED,

The relation of the various phage groups of staphylocoeci
isolated to disease in the new=born will be rore fully discussed
in Part VIIT of this thesis, The present section rainly considers
the phage patterns frov an epidenmiclogicel point of view,

230 staplylocoeci isolated frov lesions of the new-born were
phege typed in 1957 and in 1959 = 1960 (Table XX). At no period
dﬂmmmmﬁm:ﬂmﬂmnﬂﬂﬂﬁgbﬂn@
pattern 80/81 was alveys prosinent, it wes never strongly so as in
vany reports from naternity hospitals in Austmelia end elsewhere
in the world (Rountyee and Freevan 1955, Gillespie and Alder 1957,
¥unro end Markham 1958, Timbury, Wilson, Hutchison ard Goven 1958,
villiams 1959, Hexdyment, Wilson, Cockeroft and Johnson 1960),

ZABLE XX. PHAGE GROUP DISTRIBUTION OF STAFHYLOCOCCY ISCLATED FROM LESTONS

OF MEW-BORN,
FHAGE GROUP STAPHYLOCOCCAL DISEASE OF KEW-BORN
1957 1959 - 60 TOTAL
Sxoup I
80/81 13.2% 7.8% 8,78
Others 18,42 2,6% 5428
Sxoup TII LA TE 15.1% 20,0%
Viscellaneous 2,62 3.1% : 3.0%
lion -Typable 15,81 64,15 56415
TOTAL STRAINS 38 192 230
———

The term phage pattern 80/81 hes been used for convenience to

include the streins typing as 52/80/81, 52/52./80/81, 80/81 and 81,
as all these have been found to be closely related (Asheshov &
Rippon 1959, and Rountree 1959).

.



Timbury et al (1958) reported thet the introduction of
type 80 to the Royal Maternity Hospital, Glasgow wes closely
followed by a sudden and drematic incresse in the severity of
infections among the bables and like other workers regarded
the strain es wusually virulent, They were also of the
opinion that type 80 did not have great powers of colonisation
and showed no tendency to persist unduly in the nose of infected
infents and staff, It wes impossible to come to any sinmilar
deduction from the phage groups of staphylocoeei isolated in the
verious surveys of Baxter louse, These did not appear to demon-
strete features in staphylococei of phage pattern 80/81 whieh
were different from those found in staphylococei of other phage
groups, The distribution of streins in both the "earrier state"
and in pathological lesions wes siwvilar, in fact phage pattern
80/81 was vore frequent in the "earrier state” on norral babiles
than in lesions (Table XXI).

PHAGE GROUF DISTRIBUTION OF STAPHYLOCOCCI ISOLATED
FRO“ LESTONS AND "CARRIER RATE® SURVEYS IN BAXTER HOUSE,

STAPHYLOCOCCAL SCARRIER RATE™
PHAGE GROUP DISEASE CF SURVEYS
NEW=-BORN
Croup I
80/81 8.7% 13.5%
Others 5628 4e9%
Group IX 7.0% 7.0%
SGxoup 111 20,0% 15.7%
Miseellaneous 3.0% 2,78
lon-typable 56,1% 56425
TOTAL STRAINS 230 370

-~



A conparison is made in Table XXII of the phage groups of
those stephylococel isclated in the "earrier rate" surveys con=-
ducted among bebies, wothers and nursing steff in 1957 and in
It can be seen that the mursing staff carried a
greater percentage of staphylococei of phage pattern 80/51 than
either the mothers or babies,.

1959 - 60,

ZABLE XXII. PHAGE GROUP DISTRIBUTION OF STAPHYLOCOCCT ISOLATED

DURING "CARRIER RATE® SURVEYS IN BAXTER HOUSE.

i T BABIES _W_m [ NURSING STAFF |
GROUP - g
E— 1959-60 1959-60 1957 1959=60 195760
I T =
Group I
8o/81 9.9% 9.4% 23,58 19.7% 21.3%
Others 2. 15 3.“ 159” 5-“ 9.“
Group II 6.3% 4.87 13.7% 7.0% 9.8%
Visecelleneous 3.58 0.9% 795 - 3.4%
lion-Typable 66,21 58,5% 25,55 53.6% 41.8%
TOTAL STRAINS 142 106 5 T 122

A comparison is wade in Table XXIII of the phage group distrib-
ution of staphylococel isclated in Baxter House during the years
1959 to 1960. This shows that the distribution of phage groups in
babies wvas similar in both the"carrier state” and in strains from

lesions, These in turn were similar to the staphylococei carried by
the nothers and in the overall comparisen less like those earried by
the nursing staff, This same feature in the distribution of phage

groupe wes shown in Table XXTI, These findings are the reverse of

those of Hardyrent et al (1960) who fourd "more similarity” between
the phage types of organisms frow the bebles and nurses than between
the babies and vothers.



TABIE XXIII. PHAGE GROUP DISTRIBUTION OF STAPHYLOCOCCI ISOLATED

IN BAXTER BCUSE. 1959 « 1960,
“CARRIER RATE" SURVEYS
b BABIES 0 NURSING mégas CA ~—
S TAFF WEK-HCRN
Sxoup I

80/81 9.9% 9.47% 19.7% 7.8% 10.4%
Sxoup 1T 6.3% 4.8% 7.0% 7.3% 651
Group III 12,08 | 22,6% 1413 15.1% 15.6%
V" iscellanecus 3.5% 0.9% - 3.1% 2.4%
Non -Typable 66,27 58,5% 53.6% 64,12 L 62,07

TOTAL STRAINS 142 106 m 192 511

A striking feature of Teble XXIIT is the very high percentage of
non-typable staphylococel (62,07). This wes considered at first to be
a possible error in technique but thorough re-checking end typing of
these strains by Dr, Hildred Butler of the Royal Women's Hospital,
FMelbourne reproduced the save result end has shown these strains to be
non-typable,

A similer high ineidence of non-typable strains was found in the
staphyloeocei isolated from pathological conditions in the Geelong &
Distriet Hospital in 1960 (Teble XXIV). These staphylococei were
isclated frow medical end surgical wards and autopsy and ceme from
verying conditions including staphylococcel septicaenia and pneumonia,
osteonyelitis, bocterial endocarditis, breast abscess, wound infection,
otitis wedia, urinery infeetion, iupetigo contagiose, psronychie end a
variety of other conditions, A similar high percentage (69.5%) of none
typable strains wes found in the "carrier state" in the mon-hospital
populetion of Geelong in the period 1959 - 60 (Table XXIV).

kB =




TABLE XXV PHAGE GRCUF DISTRIBUTION OF STRAINS FROM
. THE GENERAL WARDS AND NORMAL POFULATION,

GENERAL WARDS NORMAL
FHAGE GROUP PATHOLOGICAL LESIONS TOTAL POPULATION
195759 1960 1957=60 1959-60
Sxeup I y
80/81 664275 10,07 26,0% 2.4%
Others 1.8% 2,9% 2,68 1.3%
Group II 5e3% 422 Le65 . 12.2%
Group III 10,7% 9.2% 9.7% 14.6%
Miseellaneous 5e35 1478 2,6% -
TOTAL STRAINS 56 140 196 8z

The National Health & Medicel Research Couneil (N.H.M.R.C. Speeial
Report 1960) conducted a survey between May and December 1958, of staphy-
lococcal infeetions of the skin and subcutancous tissues in genmeral pract-
ice in all states of Austrelia, other than Northern Territory., Only 9.4%
of 161, strains from lesions were nom-typable, and 17,55 of 726 strains
from nasal carriers were non-typable. Barker and Burston (1955) recond
only 6.9% non-typable streins among 145 staphylocoecel isolated frem nurses,
vothers and babies in a meternity unit in London . These reports agree
with the findings of Hardyment et al (1960) in Vancouver and differ com-
pletely from the percentage of non-typable strains found in Geelong in
1959 and 1960, The 882 strains phage typed in Geelong are grouped together
in Table XXV,
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PHAGE GROUP DISTRIBUTION OF STAPHYLOCOCCI ISOLATED

LiRIE Xy IN GEELONG. 1957 - 1960,
FHAGE BAXTER GENERAL MISCELLANEOUS —
GROUP HOUSE WARDS SOURCES
Group I

80/81 1,75 26,07 478 14.2%

Others 5.2% 2,65 3.55 435
Sroup 11 7.0% 465 11.6% 7.08
Group III 17.3% 9. 7% 15.1% 15.4%
¥iscellaneous 2.8% 2,65 - 2,5%
Fon -Typable 56,0% 54 5% 65,15 56,65 JL
TOTAL STRAINS 600 196 56 882

-

The question of the high retio of non-typeble strains in Geelong
is confusing and no explanation ss yet ean be given,
that it is definitely not due to a fault in the technique of phage
typing as streins from other areas which vere bacteriophage typed in
the same batech of tests did not yield a similar high percentage of
non-typable streins., CSeveral loeal phages have been isolated but have
been lost on attempts at propogetion, A few of the non-typeble strains
have lysed with a Melbourne phage (Phage "A") isolated in 1960 by
Dr. Hildred Butler. The percentage of non-typable stmins also appears
to be increasing in both the pathologicel and "ecarrier state" and is the
subjeet of further investigation,

It ie considered



3. SEVERE STAPHYLOCUCCAL DISEASE IN THE FIRST SIX MONTHS OF LIFE,

A very complete follow up of all bables born in Geelong end
the surrounding distriets wes possible for the following reasons,

(a) Baxter House provides all the maternity beds for a

fairly compact community.

(b) The Geelong & Distriet Hospital provides more them 90%

of the publiec and private hospital beds available to the
population of Geelong and its surrounding districts,

(e) There was complote co-operation during the survey by all

vedical practitioners end consequently it was possible
to include both publie and private patients in the surveys,

(@) The Geelemg & District Hospital maintaine & 985 autopsy

rate on public patients and provides the facilities for the
conduet of all post wortems on deaths coming under the
Juriedietion of the coroner,

Due to the sbove factors the statistics are considered virtually
complete. They were derived from public and private hospital records
and corenial autopsies and were further supplemented and cross-checked
by pro-formas eireulated to all local medical prectitioners at reguler
intervals, These forws were simple and only required the nares of
any mother developing & bLreast abscess in the first six months after
delivery, and the names of infants adumitted to hospital or dying as a
result of staphylococcal disease in the first six months of life, (P+97).
The names received were back checked end correlated with the inform-
ation coupiled from public and private hospital records and coronial
autopsies.

The nurber of infants requiring hospitalisation or dying es a
result of staphylococcal disesse in the first six nonths of life is
shoun in Teble XXVI.



IBIE XXVI. IEFANTS DEVELOPING SEVERE STAPHYLOCOCCAL DISEASE
JULY 1956 = SEFTEVBER 1960,

IN PIRST OIX MOETHE OF LIFE,

1956 1957 1958 1959 1960 TOTAL
(6 nonthe) (9 months)

Infents Porn In
Sextar Sams 1298 2419 2323 2433 1928 10,401
Iumber Requiring
Hospitelization
Ag Nesult Of 6 1 7 7 - n
staphylocoeceal
Disease
Deaths In
First Six Yonths 1 rA 2 1 - a*
Cf 1Life
« EIGHT DEATHS DUE T0 FOLILOWINC -

Pneumonia Six enses.

Septicneria Une ense.

Peritonitis One case,

Table XXVI shows thet very few infants (0,30%) were re-cdwitted to
hospital as a result of staphylococcal disesse and less than 0,17 of the
infants born died from staphylococcal disease in the first six ponths of life.
Even such & low morbidity end mortelity showed o definite inerease when the
incidence of staphylococeal disease in the mew-born was high ss oceurred in
1956 end 1957, Conversely in the first nine months of 1960 when the incidence
of staphylocoecel disease in the nev-born was very low, there were no deaths
nor vere any infants re-adritted to hospital as a result of severe staphylocoeecsal

Approximately 90% of wothers were followed for six months after delivery
in order to elicit the incidence of breast abscess (Table XXVII), In order to
give an absolute eriterion only those breast ebscesses which required either
treatment in hospital, ineisiom in the surgery or at home, or those which
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suppurated were ineluded in this teble, Dreast infections which eespletely
resclved under chomothorspy were not included,

mm IECIDENCE (F BREAST ABSCESS IN MCTHERS.
JULY 1956 - SEPTE'BER 1960,

1956 | 1957 | 1958 | 1959 | 1960

l(s nonthe) (9 moutas) | T
Wusber of Vothers| 1091 | 2000 | 2024 | 220 | 18 9291
Hunber of m
Months Following 2 Ll - had 2 108
Delivery
% of Hothers

245% 1.5% 1.0% 0,78% 0,60% 1.148

Breast sheeses

It con be seen that the ineidence of breast abscess remained relatively
lov even when staphylocoseal disesse of the pew-born was prevelent in Daxter

House as in 1956 and 1957.

in 1957, developed breast sbecess,

Enight and Nolan (1959) estivated from a review
of hospital records thet between 3 - 4% of all women delivered in Edinburgh

Table XXVII slso demonstrated a definite

lowering in the incidence of breast abscess in mothers in 1958 and 1959 when
staphylocoeesl disease in Lhe new-born wes less, There was a further decresse
to 0,607 in 1960 wilh the intreduction of "dry-washing’,
ion wes noted by Corner, Crowther end Eades (1960) who recorded a drep in

incidence of breast abscess in pothers frem 2,4% to 0,67 following the use on

the babies of a dusting powder containing hexschlorophene,

A giniler reduct-



VIIL GENERAL DISCUSSION.

"let us try to analyze the plot of this story or drame
which repeats itself in such different contexts and in
such various forms,"

A.J. Toynbee, "The Study of History,” Part II.C,

This study of staphylocoecal disesse in the new-born was
convenced four years ago with the ainm of investigating an impression
that streins of staphylocoeel of enhanced pathogenicity for wan were
beconing increasingly prevalent throughout Geelong and its surrounding
distriet, and in particuler in the maternity wing of the Geelong &
Distriet Hospital,

In 1955, Ravenholt and Ia Veck (1956) wrote to 26 hospitals in
Seattle - King County asking them sbout their experience of staphy-
lococeal disease and from the replies received said, "Staphylococcal
disease is 2 major proble: in the better hospitals - the cnes that have
pathologists and good laboratories and a hospital infection record-
keeping system, Administrators of hospitals without such resources
usually stated thet they hed no staphylococcal disease problem,”

The above statement is again exemplified by looking further
into the past, J, L, lenderson, st the Royal Infirsary, Edinburgh,
in August 1943, wede the following statement in a Honymwan Gillespie
Leeture, "The Staphylococcus aureus is the commonest casuse of neomatal
infection in maternity hospitals, and it ceuses a great variety of
lesiona,” Table XXVIII is from this lecture and gives the incidence
of the various types of lesions in the 424 eases of staphylococeal
disease of the new-born seen in the Sispson VMaternity Hospital,

Edinburgh, in 1942.
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ZABLE XXVIIJ. TAKEN FROM HONYMAN LECTURE BY J. L. HENDERSON (1943).
®79E INCIDENCE OF THE VARTOUS TYPES OF STAPHYLOCOCCAL
INFECTION (BASED ON THE TYFE OF THE INITIAL LESION)
IN 424 INPANTS IN THE YEAR 1942,°

TYFE OF LESION NO, COF CASES INCIDENCE %
Conjunctivitis 212+ 50,0
Pustules 115 27.1
Paronychia 53 12.5
Bullous inpetigo 26 6.1
Boils 10 2o,
Cellulitis eand abescesses 5 1.2
Pneumonia 3 0.7

+ Equivelent to 106 in six months of seccurate recording,”

The 424 cases of staphylococeal disesse of the new-born referred
to in Table XIVIII oceurred in approximately 2,800 deliveries, It
is not possible to meke an exaet comparison but this ineidence of
staphylococeal infection in the Simpson Maternity Hospital in 1942 is
very similar to thet which occurred in Baxter House between the years
1957 and 1959 There were 2,917 deliveries in Baxter House between
Januery 18t 1958 and Varch 318t 1959, 420 of these babies developed
staphylocoseal disesse in the first tem days of 1ife and an attempt is
rade in Table XXIX to eclassify the various types of lesions in the same
vay as Henderson did in Teble XXVIII,



IABLE XXIX, THE IRCIDENCE OF THE VARIOUS TYFES OF STAFUYLOCOGCAL
INFECTION (BASED ON THE TYPE OF THE INITIAL LESION)
IN 420 INFARTS IN THE YEARS 1958 - 59,

TYFPE OF LESTON KO, OF CASES INCIDENCE %
Conjunctivitis 186 bhe3
Pustules 212 5045
Paronychia 16 3.8
Bullous impetigo 1 0.2
Bom.‘coumm and 3 0.7
Pneunonia 2 0.5

It can be seen that there is a striking similarity between the
incidence g and number of lesions seen in 1942 and those in 1958 - 59,
A comparison of Tebles XAVIII and XXIX must make one agree with the
following statement of Walsh MeDermott (1956), "We have no convineing
evidence, or indeed any particularly well founded suspicion, that the
erude equilibrium between the publie at large end the ubiquitous
staphylococcus is shifting for the worse,” Despite the truth of
this statement, the probles in maternity unite has not lessened and
staphylococeal lesions are now the most troublesome and disturbing
infection with which epidemiologists and obstetricians have to eontend,

The present study attempts to assesgcertain espects of staphy-
lococecal infection as it applies to the new-born in large maternity
units. One of the most complex factors in this probler is the com-
plete ubiquitousness of the staphylocoecus and its pultiple methods of
transmission to the new-born (Figure 6).



Certain avenues of trensmission may be temporarily controlled
by entibioties and entisepeis, but these are only ancillery methods
of control even in infections where the method of transmission of the
responsible organise is simple and well understood,

Asepsis properly understood and conscientiously cerried out by
all rust be the first and wain line of attack in any problem of
cross-infeetion, The present investigation has shown that attent-
ion to the first prinelples of aseptic techmique in itself markedly
lowered the incidence of staphylococeal disease in the new-born in
1957 and 1958 (Figure 9). The possible and probable wethods of
transmission of the staphylococcus are so numerous in maternity units
that some eross-infection is probebly not preventible (Figure 6 and
Table II) and so constant vigilance and education of every member of
the staff is all the more imperative and the statement "Huwan nature
forgets unseen foes" by Sir Alexender Ogsten (1883) all the more apt,
"Spot checks" demonstrating breakdowns or possible breakdowns in
tecimique (pp. 27 & 28) were a reverding practieal way of showing
the staff the need for constant vigilance and alweys resulted in
keen interest and utmost co-operantion from the nursing staff with
a resultant improvement in nursing teckmique on all floors,

JCEITAL DISICH.

The relative importance of the various means of trensmission of
the staphylococcus is affected in part by both the method of conduct
of the hospital and its econstruetion. It is rational to consider
that the modern trend of building large hospitals with commmal
nurseries will inerease the possible avenues of eross-infection,
Henderson (1943) was awong the first to point out the possible dangers
of building waternity hospitals with large nurseries and stressed that
dispersal of babies ray lessen some possible avermes of cross-infection,
"Barrier” nursing of bebies for example is neither practical nor poss-
ible in large nurseriec where the were waking of a bed ean bea dangerous
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procedure (Miles, Sehwebacher, Cunliffe, Ross, Spooner, Filecher

& Wright 1940). Frazer (1948) studied the effect of nursery
design on eross-infection at the Jubilee Vatemity Hospital,
Belfast, This vorker is one of the few who considered that
dispersal of babies was rore potential danger than use in reducing
the incidence of staphylococcal disease in infants., I am convinced
that the trend in the pact 15 years of grouping infants together in
large saternity units bas exposed the new-born child to an increased
possibility of developing staphylocoecal disease.

In 1945 there were 100 midwifery beds in Geelong and these were
contained in 11 separate small hospitals of bed states varying from
5«25 beds, In 1955 thore were 95 midwifery beds in Geelong and
all were in Baxter House.

I am couvinced that dispersal of infants is en importsnt factor
in eontrolling the spreed of staphylocoecal disesse in the new-born,
There are two possible wethods of dispersal,

e Collective dispersel. This is echieved by multiple self-

contained swall veternity hospitals or wings,

2, Individuel dispersal, This ean be achieved by hone del-

ivery or in a large maternity hespital by mursing the mother
end beby as en individual wnit (Pigure 8).

~BOCUING TH.T

Whatever the habits of the staphylococcus there are four obwvious
links in the chain of production of stephylocoecal disesse in the new-
bormn - the maternity hospital itself, its staff, the mother and the
baby - all must play a greater or lesser part in eross-infection and
trensrission of the staphylococcus, It stands to reason that if the
wother and infent are cared for as o single unit then many avemues of
possible eross-infection will be elindnated, although a fifth pessible
averue in the form of visitors may be introduced. The procedure may
also expose the infant to an added pessibility of eross-infection from
its mother,
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Despite the latter risks, "rooming in" wes without doubt a
nost irportant funderental procedure in deereasing staphylococcal
disease in Baxter House (Figure 9)., "Rooming in" adds even e
greater responsibility on the nursing staff to observe strictly the
first prineiples of aseptic tecimique whenever they intrude into the
fanily unit,

The enforeement of striet "roowing in" unfortunately does suffer
certain undersining frow both the wothers and mursing steff, Vany
of the former, particularly those with a fanily, regard their respite
in hospital as a holiday, or at least as an escape fron the eaves of
rumning & household and the eries of older children, On the other
hend, the obstetric purse is often sttracted to that career by a
love of handling new-born babies and once this is linited or reroved
much of her interest in maternity mursing goes.

There is thus an ever present need for syrpethetic and constant
education to both these groups to overcome this problem,

Swebe were taken In 1959 and 1960 from 70 bables at birth and
egain from 48 of these within 24 hours of delivery (Tebles V and XITI).
These figures are combined in Table XXX which again highlights the
ubiquity of the staphylococcus and the high resistance to elinical
infeetion exhibited by van as his entire environsent from the labour
werd to death bed is apperently strewn with staphylocoecedi.

TABLE XXX. INPANT "CARRIER RATE® WITHIN 24 HOURS OF BIRTH

NUMBER VU‘BER SITE OF POSITIVE SWABS
AGE AT GROWIRG
RISK S. AUREUS EYES |merLIcus| mOSE
At Birth 70 8 (11.4%) 4 - 5
1 = 24 hours 48 18 (37.5%) & % 5
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It cen be seen from Table XXX that 11,47 of bebies were
carriers of the staphylococcus yithin mimutes of birth, The
possible source of these staphylocoeei must be the mother's vegina
or the labour ward and its staff,

VAGINAL STAPHYLOCOCCI.

Bret and Coupe (1959) are of the opinion that in 12,57 of con-
finenents the infanti 'is infected with staphylocoecl from its mother's
vagine and found that 157 of 300 consecutive mothers investigated by
then were carriers of pathogenie staphylocoeci in their wvagine at
confinement. They elaim that 827 of these wothers infected their
beby during labour, '

I an of the opinion that the vagina plays but a minor part in
infecting the baby with staphylococei at birth as a staphylocoecus
was grown fros only one of 100 consecutive nothers swabbed froo the
vagina on comvencing the fimal stages of labour (Table VII), These
findings are in agreement with Wysham et al (1957a) who grew no co-
agulase positive staphylocoecel from vaginal cultures taken frow 99
mothers just after delivery. It appears that searching for, and
treating veginitis in pregnant women as suggested by Bret end Coupe
(1959) would play 1little if any part in the prophylaxis of staphy-
loccccal disease in the new-bomn,

Table XXXI wes compiled from vaginal cultures taken in the
maternity unit during the years 1958 and 1959, The swabs were teken
fron eny woman with an abnormal discharge or wvaginitis during pregnency
or with offensive lochia during the puerperium, The table alsc includes
sinilar vaginal cultures taken from patients in the general hospital
following an ineomplete abortion in the early months of pregnancy, It
ean be seen that Staphylococcus sureus was the eausative organise in
only 2,1% of cases of vaginel infection in 186 pregnant or puerperal
women, Of interest is the prevalence of Monilia albiesns in eultures
taken from abnormel discharges or vaginitis in pregnant women, This



organism, which wvas rarely seen in infection of the new-born,
was present on culture in 32% of the 125 swabs taken (Table)XXI).

IABIE XXXI.  CULTURES OF VAGINAL SWABS IN 1958 and 1959,

- - ————

SUABS ¥ | 5,aUREvS | wowpiya | Be COLT @

TAKEN | GROWTH GROWN | ALBYCANS | . OTHER
Ante natal | 125 55 3 40 27
Puerperal 61 27 1 32
o, i 100 51 7 3 39

The foregoing study of vaginal infection has lead we to the con-
clusion that the mother's vagina plays a very smwall part, if any, in
the trenssission of staphylococei in maternity hospitals and therefore
staphylococei ocourring in the "earrier stete” on bebies at birth and
wvithin the first 24 hours of life (Table XXXI) must be introduced from
the environment of the meternity hospital or from its staff. Some of
these staphylococei are undoubtedly airborne but others are most certainly
introduced by direct contact from procedures carried out at birth (Teble
II). Many of the procedures such as tying the ecord and removing mucous
fron the pharynx are unavoidable but others sueh es wiping the eyes are
probebly not only umnecessery butl also dangerous,

EXE _TOILET.

I an of the opinion that no form of ge tollet is justified,
least of all the much beloved "one guick wipe” of the eyes with a molet
"sterile" swab at birth, This custom has developed in Geelong over
many years end has been extremely diffieult to stop, particularly ameng
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the older gemeral prectitioners and mursing sisters, The "spot
check” carried out on the "sterile delivery trolleys" in the
labour wards in July 1959 (p. 27) elearly showed the possibility
of introdueing staphylocoecel by wiping eyes even under "sterile"
conditions,

It vas the proctice of the mursing staff end medical prectit-
ioners to earry out routine eye toilets in the early days of a beby's
life. [Ixperience showed that such eye tollets served no useful
purpose in preventing "sticky eyes" but could emount to unnecessary
and dangercus interference by produeing minor treums to the conjunctiva
and eyelids and so possibly be the means of loeslizing staphylococei in
the eye. TableXXXII shows the incidemce of stephylococenl disease of
the eyes occurring in infants on the individusl floors of Baxter louse
during surveys carried out in October and lNovember 1956 and Vareh and
April 1957.

TABLE XXXII. COMPARISON OF STAPHYLOCOCCAL DISEASE OF THE EYES
ON INDIVIDUAL FLOCRS OF BAXTER HOUSE.

FLOOR T INPANTS AT RISK STICKY EYES
Ground 85 12.4%
First n 12,75
Second 83 13.28%
Third 2 4e9%
TOTAL 310 10,75

The Third floor of Baxter House, during the period of the above
surveys was in charge of an overpowering but extremely competent and
dogmatic elderly sister who insisted that all eyes must be left alone
unless "definitely infected." On all other floors routine eye tollets
vere carried out whether the eyes were "sticky" or mot. Table XXXII



adds weight to a policy of avoiding procedures which are carried out
on the beby as a routine rether than a necessity. Many of these way
incresse cross-infection in addition to adding a risk of minor trauma
to epithelial surfaces and thereby providing a portal of entry or an
area suitable for the localization of any staphylococei lodging in
the eyes,

A poliey of preventing routine eye toilets end stopping the
instillation of prophylsctic antibacterial drops or ointments inte
the eyes was started in the public petients in 1957 and has been
almost universally accepted by the private practitioners, This
measure was followed by a steady fall in the mmber of "sticky eyes"
due to the staphyloecoceus (Table XXXIII), There has been no corres—
ponding increese in the few “sticky eyes" caused by other organisme,
The eyes in 1958, 1959 end 1960 were not touched unless for definite
elinical reasons and then only on the order of a medical officer,

IABLE XXXIII. INCIDENCE OF ®STICKY EYES® DUE 70 STAPHYLOCOCCAL
INFECTION. 1956 - 1960,

STAFHYLOCOCCAL EYE DISEASE

- INFANTS AT RISK PERCENTAGE INFECTED
1956 (Three Months) 1298 12.4%
1957 2419 9.9%
1958 2323 6487
1959 2433 5.8%
1960 (Nine Months) 1928 2487




Herdyment, Wilson, Cockeroft snd Johnson (1960) adwit to
chemieal irritation by silver nitrate prophylaxis but consider
there is insufficient evidence to justify the discontinusition or
replacement of silver nitrate solution for prophylaxis against
conjunctivitis, Their grounds for advising this measure is because
they consider that after combating "elinieal conjunetivitis" due to
the staphylococcus their rermaining probler was chiefly the prophylaxis
of gonorrheal ophthalmia. These workers found two cases in 1724
babies who bad no treatment to their eyes. There hus been one case
of gonorrheal ophthalmia in the past four years in Geelong and the
gonococcus does not appear to be 2 real problem, If gonorrheal
ophthalnia does occur it is easily combated end stands little chance
of spreading to other babies when "rooning in" is prectised.

I believe there is no fundemental difference between staphylococcal
skin disease in the new-born and wound infection due to the staphyloeoecus
in a surgiecal ward, The important predisposing facter is an Injured
epithelinl surface and the initiating cause is the ubiquitous staphylo-
coccus,

_ The ability of an organism to cause disease in a certain animsl
is its pathogenieity, which Rowley (1960) equates as being = virulence X
(invasiveness end commumicability) of the particular organism, The term
"invesiveness and communicability" is used to include all those 1ll-
defined cheracteristies of bacteria which are involved before the orgen-
ism becowes established in the tissues and blood streem, In the case
of the staphyloeoecus, very little is known of those charaeteristies
and as it is most wnlikely that the new-born ean avoid contact with the
staphylococeus (Tables II, IV and VI, Figure 6), it becomes doubly
important not to develop a breach in the surfuce defenses of the host
and so aid the factor of "invasiveness and communieability” of the



organism., Once the staphyleccccus has wade its primary lodgement

in or on the tissue, the ocuteore -~ whether suppression or establish-
pent into an established infection - depends on many poorly understood
properties of both the host and paresite (Miles, Miles and Burke 1957).

A breach in any epithelisl surface is an aid to the orgenism in
its primary lodgement and there are many routine mursing procedures in
a paternity hospital which may produce mimute trewma and eo 2 breach
in the epithelium of the new~bom, Such procedures are routine eye-
tollets, regular weighing and frequent changing end bathing of the
beby.

The above procedures are often habit and umecessary for the
welfare of the mew-born, They are in addition usually potentially
dengerous (Tables II and XXXII) and a reduction in their frequency
is an easy and fundamental step in reducing the possibility of eross-
infection by the staphylococeus.

The initial wetheds used for the control of staphylocoecal disease
in the new-bern must be those whieh will reduce the possibilities of
erces-infection by the staphylococeus, the importance of these would
appear to be sz follows,

1. The application of aseptic methods which entails the educatiom
of all staff in metleulous and eareful teclnique together with
understanding of the reasons for methods adopted ard for teche
niques discarded, With understanding there comes full co-
operation of all staff,

Dispersion of bebies,

4 review of routive mursing procedures to the baby and the

avoidance of any handling proven to be wmecessary,

e Constant vigilance by all staff in detecting eny signs of
staphylococcal disease in babies, mothers or other staff,

A corollary to this requirement is e conplete system of

48 o
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recording the occurrence of staphylococcal disease and
with it adequate baetericlogical control,
5« The following ave supplementary aids to the above fund-
anmental neasures -
(a) Antibiotic control of staphylococeal infection.
(b) Antiseptic wethods of control of staphylocoecal
infeetion,

ANTIBIOTIC CONTROL OF THE STAFHYLOCOCGUS.

Sene hospitals have approeched the problem of minor staphy-
lococeal disease in new-born by ettempting to lower the nmsal
"earrier rate" in staff and bebies by the routine applieation of &n
antiblotie nasal eream, An argument can be rade for the use of anti-
biotie erean in the nose of infants and staff when combating temporary
outbreaks of severer and rore prevalent staphylococcal disease, It is
possible, particularly in the baby, that the removal of one organism
may well neke the way elear for colonization of the nese by e wore
troublesome organism and the advisabllity of the constent use of
these substances has been questioned (Rountree and Barbour 1951,
Munro and Markhom 1958), I am convineed that the use of antibiotics
in the control of minor staphylocoecal disease in the mew-born is not
warranted other than for e limited period during temporary outbreaks
of more severe staphylococesl disesse, No such ocutbreak occurred in
Baxter House despite the prevalence of minor staphylocoecal lesions,

It is well known that the indiseriminate removal of organisms
from a bost may have an adverse effect on the normal host - perasite
balanee and this ray equally apply in the long renge picture 1f there
is poorly considered temporary removel of the staphylocoecus in the new-
born, There is a great difference between staphylococcal infection
and staphylococeal diseese (VeDermott 1956), ard it is particulerly
incurbent on us to view any present action or trend in the chadow of
its effect on the future, This is constantly shown in the indiscrim-
inate use of antibioties,
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The present position concerning the use of emtibioties is
sumparized in the report on "Staphylococcal Infections in Hospitals"
by the Sub-Comnittee of the Central Heelth Services Council Standing
Vedical Advisory Committee (1959). "Experience has shown that the
continued use of any antibiotie in a hospital community is accompanied
by the emergence of staphylococcal strains egeinst which the drug in
question is powerless to 2et...... Drug resistance would be serious
enough if it resulted only in failure to suppress staphylococeal
disease, There is evidence, however, that morbidity from staphy-
lococeal infection way even be enhenced by the use of antibioties."

ANTISEFSIS AMD THE NEW-BORD.

The use of antiseptic substances epplied to the skin of the
baby bhas beer used in many centres 2s an ancillary aid to asepsis in
the ecntrel of staphylocoecal disease in the new-born, The subetances
which have received most altention are hexnehlorophene and chlorbexidine,
used either in solution or emulsion (Hardyrent 1954, Wyshenm et al 1957,
Hill et 21 1959) or in a dusting powder (Gillespie et al 1958, Green
1959, Corner, Crowther and Eades 1960),

Eossiakoff (1887) was well svare of "the properties which microbes
possess to adapt themselves to antiseptic enviromwents" and the use of
entiseptie substances In the control of staphylococenl disease in the
new-born must alvays be stressed as an encillary aid in the overall
problem ard not even & pert answer by itself, If staff hendling new-
born babies do mot appreciste this limitetion in regard to entiseptie
substances, the first prineiples regarding aseptic technique will be
as readily clouded in a "protective antiseptic umbrells" as they were
in a "protective antiblotic cover,”

In 1960 2 method of "dry washing” bebies (Hill et al 1959) was
introduced into the routine of Paxter House, Two different emulsions
were used and the use of both resulted in a definite reduction in the
overall incidence of minor staphylococeal disesse, A slight rise frem
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this low incidence occurred in the winter months (Table X and FPigure
11). The lowered ineidence of minor staphylocoeccal disesse in the
nev-born with "dry vashing” is further emphasized when the incidence
of skin lesions occurring in 1960 is compared with that of the pre-
eeding three years (Figure 12), It was considered that possibly
the lanolin and wax in the Geelong Hospital Fmmlsion wes as an effect-
ive defensive barrier to the lodgement of bacteria se the antiseptie
layer of hexachloropheme in phisohex, This latter berrier is con-
sldered by some workers as illusory and readily destroyed by organic
matter such as serum or blood (Gdpel, Riicker end Schiitz 1958, Kinsella
1959). Other workers disagree with this view and consider that a film
of hexachlorophene emulsion, partieularly if repeatedly applied to the
skin, is a useful and effective antiseptic barrier (Boheimer 1959,
Smylie, Webster and Bruee 1959).

It vas declded to use both emilsions on unselected bebies in
Baxter House in 1960 in an attempt to evaluate the relative effective-
ness of an antiseptie barrier on the skin compared with a coating of a
protective fatty layer (cf. vernix caseosa). I was of the opinion
that the latter might prove as effective as the antiseptic barrier,

A comperison of the relative effectiveness of the two emulsions
is shoun in Figures 11 ard 13, These figures show that the hexachloro-
phene was important to the technique of "dry washing” in its effective-
ness in decreasing staphylococcal disease, and in particuler, staphy-
lococeal skin lesions,

The value of hexachlorophene was further exemplified when cone
sidering the effectiveness of "dry washing” on the infant "carrier rates"
of the staphyloecoecus and Figure 1, compayes those of 1959 with that of
1960, It shows the following infant "earrier rates” by the 4th day of
life,

1959 (No full bathing of bebies). 90% of bables.
1960 (Geelong Hospital Emulsion). 735 of babies.
1960 (Phischex). 417 of babies.
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A sirilar lowered "earrier rate" among the bables "dry washed”
with phischex when in hospital was also shown to be vaintained for
at least four to five weeks after discharge from hospital (Figure 15
end Tsbles XIV and XV),

I belleve the use of an "antiseptic umbrells" to lower the
infont "earrier rate" is @ useful complementary aid in the preventien
of staphylococeal diseese in the new-born when asepsis is good and
under normal conditions (Tables XI and XII) and could be wost importe
ant in preventing or aborting outbreaks of severe staphylocoeeal
disease in murseries during tewporary breskdowns in aseptic technique
or when organiscs of ineressed virulence eppear, Iven in these con-
ditions it still rust be stressed as compleventary to the first
principles of asepsis,

S8 AL, O AND THE

Tables V, XIV and XV include 57 infants swabbed at home from
the eyes, nose and umbilicus for periods up to five and six weeks
after birth, This "carrier rate” 1s compered in Table XXXIV in
three categories depending on the mursing wethods used, It can be
seen that the infants "dry weshed” with phisohex raintained the
lovest "carrier rate’,

TABLE XXXTV. INFENT "CARRIER RATE® POLLOWING DISCHARGE FROM
HOSFITAL. 19 INFANTS IN EACH CATEGORY,

PERCENTAGE OF FOSTTIVE SWABS J
YEAR AGE OF
BABY EYES, BBILIOUS |  poow oy
Or NOSE | -
1959 3 vks B.T8 52,6%
5 wks 68,41 52,65
1960 (Phischex) | 2 ¥ g aRyes
6 vks 52,6% 42,18
1960 (Geelongz 3 wks .78 4T7.4%




The maintenance of a low "eerrier rate" in the first few months
of 1life is considered desireble by many workers as a feature of the
epideniclogy of many mursery ocutbreaks hes been the mmber of infants
vwho develop the first signs of staphylococeal diseese following thelr
discharge from hespital (Colbeeck 1949, Shaffer, Sylvester, Baldwin
end Rheins 1957, The National Conference on Hospital-Aequired Staphy-
lococeal Disease 1958, Wentworth, Miller and Wentworth 1958a), It
is thought that newly bomn infents carrying the staphylococcus home
from naternity hospitals mey set as a focus for an incrense in the
level of community sequired staphylococeanl disease (Wentworth et al
1958b, Hurst end Grossman 1960),

The 57 babies swabbed &t home were examined also for signs of
staphylocoecal disease (Table XXXy,) and these exarinations showed
that the morbidity frem staphylococcal disease in infants after dis-
charge from hospital appeared to bear a relationship to the "ecarrier

rate”,

IABLE XXXV. PERCEWTAGE OF IBPANTS UP T0 6 WERKS OF AGE DEVELOPTNG
STAPHYLOGOCCAL LESIONS AT HOWE.

“CARRIER RATE® PERCENTAGE
YEAR AT OF INFAETS COMENTS
SIX WEEKS WITH LESIONS
The mother of another|
1959 68.4% 10,55 infent hed a Lyeast
abscess,
1960 One child with
the buttecks, ,{
1960 One family with
Geelong multiple = lococ-|
Hospital 78.9% 264354 oal skin lesicns in
Erulsion three other ehildren,




Despite the occurrence of further minor outbreaks of staphy-
lococcal disemse in infents vhen discharged from hospital, the sube
sequent oscurrence of severe staphylococeal disease has never been
comnon (Tuble XAVI) and enly 0,307 of 10,401 infants delivered vere
re-adritted to hespital as a result of staphylocoeeal disesse in the
firet six wonths of life, A eomperisen »f Table XXVI with Figure 11
shows that even this low incidence significantly varied snd bore &
direet relationship to the prewalence of stephylocoscal disesse in the
new=born, It can be seen in this comparison thet 0,467 of bebies
vere re-adnitted In 1956 - 57, whereas in 1958 - 59 only 0,297 were
re-aduitted. In the first nine monthe of 1960 no infhut was re-
adritted to hospitel as a result of staphylococeal infeetion.

The mumber of deaths due to stuphylococcaldisesse in the first
six nenthe of life sivilsrly varied with the prevalence of staphy~
lococeal disease in the mew-borm, (Figure 11 and Table XIVI),

There is no doubt that when staphylococei wese prevalent in
Paxter louse, the subsequent progress of infents on discharge howe
was adversely affected, leasures {sken to reduce staphylocoecal
disease in hospital were only fully refleeted in the reduced morbidity
due to the staphylococeus after the Infunt hed been disclarged home.

There are severnl answers to wost elinieal problers end it would
appear thet dusting the beby with & powder containing hexmchlorcphene
or chlorhexidine (Corner, Crowther arnd Bades 1960) would reduce the
worbidity dve to the staphylococcus as effectively as "dry weshing”
with phischex, It is possible that decreasing the length of stay in
hospital of the baby would be sinilarly effective,

The Bradford Experivent (Theobeld 1959), in which normal prege
nancies vere sent home on the second day, wmay well be as nseful
in preventing "the baby becoming & culture nediur for the stephyloecoccus"
as the experiment was in improving antenatal eare and elvost elirinsting
gevere preguancy toxemia,



THE STAPHYLOCOCCUS TTOELF.

A review of the accumulated knowledge concerning "The Staphy-
lococei Pathogenic for Man" wes rade by Professor J.W, Bigger in 1937
and he expressed the opinion that it was possible that the circumstences
of the infection such as loecal treuma, pressure or frietion to a part
pight pley the dominant role in the establislment of staphylococcal
diseape in man and the factore: directly related to the staphylococcus
itself right take the lesser role. The relative importance of the
factors directly related to the host and to the peresite is still in
doubt and "in spite of the vast efforts to probe into the pathogenesis
of staphyloececal infections we are 2till igmorant of vany of the
basic facta” (Elek 1959).

Not enly is there no known method of effectively protecting
humans against staphylocoecal disease, but also no satisfactory way
of correctly assessing the relative pethogenieity to man of the
numgrous streine of staphylococei, In the majority of cases staphy-
locoecal disease does not follow staphylocoecal infection and this is
so even wher we are dealing with a strain isclated from a severe or
fatal lesion and so of proven polential pathogenicity to man, I am
convinced from the results of the surveys in Baxter House, that in
Geelong at least, the circumstances of the infection played a such
more important part in the production of staphylocoeccal disease in the
new-born then any factor directly related to the ubiquitous staphy-
lococcus itself (Flueckhahn and Banks 1958).

Reverting to the organism itself - the factor of virulence is
not absolute and may refer to a variety of attributes for different
organisms and eonditioms, I consider the virulence of & particular
 strain of staphylocoecus for a newly born child is the ability of
that orgemnisr to establish infeetion and multiply in the infant,
There is no lsboratory test whereby this can be adequately assessed
and although aniral pathogenicity tests as deseribed by Selbile and
Simen (1952) do give some indication of -C haerolysin, fibrinolysin
.and eoagulase production of 2 perticuler orgenism, there is alwaye
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that "elusive something else® vhen an attenpt is made to relate
the tests to man (Parish and Carmon 1960), The "in vitro" test
for coagulase production is the generally accepted criterion of
staphylococel as to their potential pathogenieity. At the o5t
it is only a very rough guide and does not distinguish the more
virulent from the less virulent orgenisms if these exist avong the
eoagulase positive staphylococel,

Elek (1956), and Elek end Conen (1957) showed by hunen experi=
ment that there appears to be no gross differences in virulence to
huren beinge between the variocus cosgulase positive strains of
Staphylococcus sureus, This opinion appears to be confirved by the
resulte of the present survey of staphylocoeeal disease as seen among
the new-born in Geelong,

The results of phage typing of cosgulase positive staphylococei
isolated from lesions in infants in Baxter louse show o seatter of
the staphylococeil over all phage groupe (Table XX), There is a
similar scatter when the phage pettemns of the staphylocoeel present
in the "harnless” carrier stateare sompared with those esusing lesions
(Table XXI), These findings ere centrary to the experience of
ReEs0, Williams (1959),mho a8 & result of a veview of the published
records of 32 epideries of staphyloecoeeal infection in maternity
hospitals and 15 in surgiesl wands stated "The phepe typing results
show elearly that differences between staphylocoeei do exist®, Other
vorkers (Barber end Burston 1955, Gillespie, Siupson end Tozer 1958,
and Barber 1960) agree vwith Williars and consider there is a "striking"
difference in the distribution of stranins isolated in raternity units
end surgleel wards. These authors all found thet Imown strains of
phage group I were predeminani in maternity umits, whereas recognized
strains of phege group III were rore commen in surgical units,

The present study of staphylococeal disesse in Geelong differs
from the above findings in that of 230 streins of staphylococei



from lesions in the new-born in Baxter House, 13,97 were of phage
group I and 20,0f were of phege group III (Table XXI)., Similarly
in the general wards the reverse also applied and 28,6% of 196
strains were phage group I and only 9.7% were phage group III
(Table XXV),

Meny workers in Austrelia end overseas have credited staphy-
lococel of phage pattern 80/81 with a higher degree of virulence
for the new-born than staphylococei in general (Rountree and
Freeman 1955, Cillespie and Alder 1957, Monre and Markham 1958,
Williams 1959, and Barber 1960). This was notappevent in Baxter
House in 1959 and 1960 when staphylococel of phage pattern 80/81
did not predominate in cases of staphylococeal disense of the new-
born (Table XXTII), and in addition showed no speeial predilection
to establish speeifie types of lesions in the mew-born (Table XXXVI),

IABLE ZXIVI. PHAGE PATTERE AND TYPE OF STAPHYLOCOCCAL LESTORS
SEEN IN THE NEW-BORN IN 1959 AND 1560,

PHAGE PATTERN
TYFE OF LESION
80/81 |CTHER GROUPS | BON~TYPABLE
Fustules & Paronychise 5 14 50
"Sticky Eyes" 8 40 63
Infected Umbilicus 2 2 8 ....l
TOTAL 15 56 121

The high proportion of non-typeble streins lessens the value of
phage typing wher used in studying the transmission of the stephy-
loeoccus in Geelong., This does not apply when asseseing the relative
importance or virulence of phage pattern 50/81 in csusing disease in
the new-born, If this phage pattern did possess greater virulence
than other staphylocoeei for the new-born one would expect it to oceur
more frequently in lesions than in the “earrier state”, A study of
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Teble XXI shows this wes not so in Geelong where staphylococei of
phage pettern 80/81 were found in 13,57 of the staphylocoeci
isolated in infant “earrier rate” surveys and in only 8,7% of the
staphylococei iscleted from lesioms, It would also appear in
Geelong that staphylococei of phege pattern 80/81 have a greater
vimlence for adults than for the new-born as 26,0° of 196 strains
isolated in the general wards of the Geelong and District Hospital
vere of phage pattern 80/81 (Toble XXV)., Also the staphylocoeeal
lesions due to phage pattern 80/81 occeurring in the general wards
appeared lo have a greater tendency for localization and pus form=
ation then those found in the new<born (Tebles XXXVI end XXXVII),
This is further evidexce of the epparently dominent role played by
the host in staphylococeal disease in the new-born,

IABLE TOWII. RELATION OF PHAGE PATTERN 80/81 TO TYPES OF LESIONS
SEEN IN ADULTS AMD INPANTS, 1959 - 1960,

PHAGE PATTERE
TYFE OF LESION
80/81 OTHER GROUPS | NON-TYPABLE

o s w s
Boils & paronychise

(General VWards) 7 1 9
%m Wards) 12 1 1
Yound Infection
(General Wawrds) 6 2 4
(General Wards) 10 2 8
Breast Abscess

(Hﬂﬂ!l'l) | 1 3




In this study it has not been possible to implicate & portie-
ular phege type of staphylecoccus with the prevalence of staphy-
locoeceal diseese in the new-born in Geelong and the high incidence
of infant staphylococeal disease appears to be more intimately assoc-
iated with factors wnrelated to the virulence of the strains of
staphylocoeel isolated,

Other prineipel factors direetly related to the organism in
its ability to establish disease in a host may be any or all of
the following.

(a) Size of beeterial invasiom,

(b) Portal of entry.

(e) Synmergiow ard antogonism existing amongst certain

becterinl species.

The eritieal number of staphylocoeel necessary to produce
disesse in the normal newly burn infent appears to be large but the
factors of "invansiveness end commmicability" does inerease when
staphylocoeei are numerous (Figures 11, 12 and 14). It can be seenm
that the decresse in the incidence of staphylocoeeal disesse in 1960
was accompenied by a lower infent "earrier rate”. The correct state-
ment is probebly that a lowering of the infant “earrier rate® resulted
in e decreased incidence of staphylocoecal disense in the new-bomrn,
Manfield, Shooter end Lidwell (1960) found that staphylocoeeal sepsis
occurred three times more often in babies found to be earriers then
in thope who were not,

I believe that the prevelence and thus the number of available
viable staphylocoeei exerts on important influenece on propertics of
"invasiveness and commmicability” es seen in the staphylocoeccus.
The inerease in mumber of staphylocoeel does not neeessarily need
to be 2 general increase related to abundant means of tranemission
(Figure 6) but also moy be due to @ loeal ineresse on the host itself
as a result of & favourable portal of entry esused by any breach in
the eontinuity of an epithelial surface suchas a chaffed skin, woist
umbilicus or scrateched conjunctiva, These areas are not only a
better soil than en intact epithelizl surface for the mltiplication
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of any staphylococel present, but also aid localization of the orgenism,

In speaking of wound infeetion, Williems (1959) said "If small
numbers of cocel can infeet, why does infection not happen more oftem,
gince small numbers of staphylococei must fall into the wounds at
operation? luch, perheps most of the explanation must lie in the
resistance of tissues", I an convinced that the latter is true in
the new-born and depends largely on non-specilic cellular and humoral
fectors of which virtually nothing is known,

The factor of bacterial entagonism and synergism plays a promin-
ant part in certain bacterisl and fungal disceses, The suppression
of one species by another is well known end it was considered at one
stage that the methods used to control staphylococeal disease in the
new-born in Baxter House mey be accompanied by an increase due to other
orgenisms such as Bacterium coli, Proteus vulgaris, Pseudomonas pyocyan-
eus snd others, This was not so and the ineidence of disease due to
such organisms has remained fairly econstant over the past four years
(Table XXXVIII).

TABLE XXOXVIIJ. INCIDESCE IN NEWBORN OF BACTERIAL DISEASE OTHER
THAN STAPHEYLOCOCCAL, 1956 - 1960,

BACTERIAL DISEASE
YEAR INFANTS AT RISK OTHER THAN
STAFHYLOCOCCAL
1236
October - December 640 3.0%
1237
Jamary - June 1149 4.8%
July - December 1270 LeTHh
anuaTy #
Ji - Juns 1117 3.3
July - December 1206 1.9%
1239
Jarery - June 153 3.7%
July - Decenber 1240 2,6%
Jogo
Jemuary - June 1257 2,74

> 98 =



The handling of the problem of the staphylocoeccus and the
new-born mast be eonsidered in the light or shadow of its effect
on the future and little is known concerning the immmologieal
pattern and responses of men to infection by the staphylocoeecus,
which organism will remain abundantly present in the commmnity
even if eliminated from cur maternity hospitals, It does appear
that there are methods available which will greatly reduce if not
eliminate the mumber of viable staphylococei on the surfaces of
the new-born, The use of these methods must be assessed with the
posaibility of a temporary eliminetion of the staphylococcus from
the surfeces of the new-born delaying the development of immmolog-
ical responses to this organism and resulting in the exposure of the
infant to the ubiquitous staphylococcus in later life as 2 new
hagard and possibly & wore dangerous agent than in the first few
weeks of life,

Firally, I am convinced that factors related to the host are
more important than those directly related to the organism and the
mere presence of a moderate number of viable staphylococel on the
normal newly born infant is not harmful end mey even be desirable,
(f greater immediate need for maternity hospitals is not the temporary
eliminntion of the stephylococcus from the surfaces of the new-born
but a better understanding of its means of attack end a wore intimate
and accurate kmowledge of the methods of its transfer to the surfeces
of the new-born,



IX. SUMMARY.

"The reported epidemies of staphylocoecal infeetion
are the simpler ones, and there is great need for
detailed amalysis of the more complex situations,
which seem also Lo be the commoner,

ReF.0u Williams, LOEDOE (1959).

This thesis is & bacteriologienl and cliniesl survey of
infection due to Staphylococcus aureus as seen in a 95 bed maternity
hospital and concerns 10,401 infants born between July 1st, 1956 and
September 30th, 1960,

The survey was directly responsible for the introduction of
various changes in the conduet of the hospital during the survey
with & resultant reduction in the overall incidence of miner
staphylococcal disease in the new-born from 41,00 tc j,1%, Staphy-
lococeal skin disease was similarly reduced from 30,8% to 2,17, and
staphylococeal eye disease from 12,47 to 2,87,

The three prineipal changes vesponsible for this reduetion in
incidence of minor staphylococcal disease in the new-born were
restriction of routine nursing procedures shown to be umnecessary for
the baby, the introduction of "rooming in", and & method of "dry
vaghing” infents with hexsehlorophene emmlsion, All changes in the
conduct of the meternity wing were introduced in stages which were
scecompanied by striet bacteriological eontrol, This was followed by
an ascessment of the effect of the changes on the incidence of minor
staphyloeoceal disease in the mew-born, end on the "earrier retes" of
infants, mothers and staff,

All infants were followed for six months after birth,  0,30%
were readmitted to hospital es = direet result of staphylococcal
disease. 0,077% died from staphylocoecel disease, Both this
morbidity end mortality is showm to bear a direet relationship to the
rmorMahWMMhmM-bm



The incidence of breast abscess in 9,291 mothers was 1.16%,
This incidence was also related to the frequency of minor staphy-
lococcal disease in the newborn axd was reduced from 2,5% in 1956
to 0,60% in 1960,

Antibiotie sensitivity ard phage patterns of staphylococel
isolated sre used in the survey in studying the epidemiclogy of
staphylococcal disease in the new=born,

Phage pattern 80/81 and the pert it plays in staphylocoecal
infeetion in the new<born is discussed. CStaphylocoeei of this
phage patiern did not play a dominent role in staphylococesl infect-
ion in Bexter louse - this is contrary to reports from elseuhere in
Australia and oversess.

The virulence of the staphylococeus itself is shown to be less
important than the eircumstances of the infection,

Eexachlorophene emulesion is shown to play e definite part in
the reduction of staphylococcal diseape and infeetion in infants
both in the maternity wing end in the first four weeks at home,

The complete survey emphasizes the great gaps in our knouledge
of the setual modes of transmission of the staphylocoecus, its means
of attack and factors effecting the reactions of the host in defence.
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