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1. 

PREFACE. 

For about twelve years the writer has been 

engaged intermittently in field and laboratory 

studies on certain aspects of infection in infants 

especially the new -born. His interest in this 

subject was aroused in 1939 by Professor Charles 

McNeil who was anxious at the time that the mode 

of spread of thrush in maternity hospitals should 

be investigated. The work the writer carried 

out in this subject is described in Part III of 

this thesis and some of it has already been 

published jointly with Dr. (now Professor) J. L. 

Henderson (Ludlam & Henderson, 1942). It was 

inevitable that at the same time attention should 

be attracted by the high incidence of staphylococcal 

infections in infancy. Research on this was begun 

and involved much preliminary laboratory work which 

occupied most of the available time for several 

years. Later, after the writer had moved to 

Nottingham the work on staphococci was continued, 

mainly work on the nasal carriage of Stáah aureus 

in infancy. Some of this latter work will be 

published shortly (Ludlam, 1953). While in 

Nottingham the writer was asked to investigate the 

aetiology of an outbreak of neonatal pneumonia. 

The finding of pharyngeal inclusion bodies in the 

affected infants led to further investigations 
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which resulted in unexpected conclusions that dis- 

agreed with previous work on the subject. This 

research has already been published (Ludlam, 1951). 

The latter subjects, staphylococcal infection and 

pharyngeal inclusion bodies, comprise Parts II and 

IV of the thesis. 

At the request of a Sub- Committee of the 

Scientific Advisory Committee of the Department of 

Health for Scotland, set up to report on neonatal 

deaths due to infection, the writer prepared a 

review on the bacteriology and epidemiology of 

infancy. This was later published (Ludlam, 1947) 

and has now been modified and brought up to date to 

form an introduction to the thesis (Part I). 

Looking back over these various studies one 

naturally wonders how much of it was worth while, 

how much unprofitable labour. The work on thrush 

has stood the test of time. The epidemiological 

findings were a step forward and have been confirmed 

later by others. It is doubtful whether the time 

spent in preparing staphylococcal typing phages was 

worth while. This type of work is most satis- 

factorily done by a centralised laboratory with a 

whole -time staff for the subject and the existence 

of such a laboratory now makes unnecessary much of 

the work the writer carried out. By co- operation 

with the Staphylococcal Reference Laboratory a wide 

and profitable field in the realm of staphylococcal 
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epidemiology remains to be surveyed. The 

selective medium for stanh. aureus described in 

the thesis has been reported on favourably by 

several workers but it has certain deficiencies 

which should lead to its eventual replacement by 

another type of medium. Much of the work on it 

has already been published (Ludlam, 1949). The 

work on pharyngeal inclusionswas of some value, 

although of limited interest, since it proved that 

the inclusions were normal structures and, it is to 

be hoped, finally disposed of the suggestion of 

other writers that the inclusions were of viral 

origin and related to respiratory tract infections. 
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PART I 

BACTERIOLOGY AND EPIDEMIOLOGY OF COMMON INFECTIONS 
OF EARLY INFANCY. 

INTRODUCTION. 

A full consideration of the bacteriology and 

epidemiology of infections in early infancy would 

involve relating much of our knowledge of the 

broader aspects of bacteriology and epidemiology to 

this age -group. To limit this task it is proposed 

to deal mainly with the common infections of infancy 

and with those aspects of infection which are 

characteristic of infancy. The subject will be 

dealt with from the point of view of the bacteri- 

ologist and epidemiologist. The problems of 

diagnosis and treatment will therefore be avoided as 

far as possible. 

Infection in infancy is of particular importance 

because, although the infant mortality rate from 

infection has fallen steadily since the beginning of 

the century death from infection in the first year 

of life is still commoner than in any later year. 

According to Ministry of Health returns in 1950 7.6 

deaths per 1,000 live births occurred from infection 

in the first year of life (Ministry of Health,1950). 

This may be compared with a mortality rate from all 

causes in older children ranging from 2.29 in 

children of one year to 0.83 in children of 4 years. 
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This estimate of the number of deaths in infants 

from infection is well below the true figure, for 

Spence (1941) in a careful follow -up of 272 infant 

deaths found 100 due to infection, a proportion of 

36.8 %. Spence also discusses the difficulties of 

diagnosis in infancy and quotes many examples of 

cases of death due to infection wrongly certified 

as due to other causes. 

The incidence of death from infection in the 

neonatal period is particularly difficult to estimate 

since death may occur rapidly and unexpectedly and 

the symptoms are often indefinite. Where however 

routine autopsies are done on infants dying in 

maternity hospitals it is possible to get more 

accurate figures for the incidence of neonatal 

deaths from infection. The figures obtained in 

this way are much higher than those obtaining 

nationally from death certificates. For example 

the proportion of neonatal deaths due to infection 

in 1950 according to the Ministry of Health returns 

was 7.7 %. This is very low compared with figures 

obtained by post -mortem.examinations e.g. Chase(1935) 

!found an incidence of 26% neonatal deaths due to 

infection and Henderson (1943) an incidence of 22%. 

Figures for morbidity due to infection in the 

first year of life are practically non -existent after 

the first few weeks of life. Woods (1951) followed 
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264 infants through one year and recorded 868 upper 

respiratory tract infections and 92 attacks of bron- 

chitis. The statistics for incidence of infection 

in infants in maternity hospitals are also un- 

reliable unless special steps are taken to keep 

careful records, as many trivial conditions such as 

thrush or localised skin infections are liable to go 

unnoticed or unreported. Where careful investiga- 

tions have been made a high incidence of minor 

infections has been found. Corner (1946) reported 

an incidence of 25.3 %ar129.7% in 2 maternity units 

and Henderson (1943) in a similar group found 

conjunctivitis in 15.9% and staphylococcal skin 

lesions in 6.8 %. 

This high incidence of infection in the first 

year of life is due to special conditions in the 

infant and in its environment that do not apply in 

later life. From the time of conception the infant 

is growing very rapidly and its tissues are very 

immature. Moreover they are not accustomed to 

contact with infection and therefore have had no 

opportunity of developing active immunity, nor in 

any case is the body able to produce an efficient 

response to antigenic stimulation. On the other 

hand it receives some passive protection from such 

!antibodies as the mother may carry, but this only 

protects against a limited number of infections. 
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The mother by her close contact with the infant may 

infect him with her own organisms and the infant is 

also exposed to special risk of infection because of 

its helplessness. This results in considerable 

handling of the infant and its small size encourages 

overcrowding in institutions. The infant's liquid 

diet is also a good culture medium for bacteria and 

therefore also a special risk. 

In addition to the special conditions of infancy, 

leading to a high incidence of infection the mani- 

festations of infection also differ from those of 

older children due to the special susceptibility of 

the infant to certain organisms and to the different 

way in which the infant's tissues respond to 

infection. These special aspects of infection will 

be dealt with later. 

In this review it is proposed to deal with 

infection in the infant from the time of conception, 

showing how it may at times be affected by organisms 

even during pregnancy, and discussing some of the 

special risks of infection during the actual process 

of labour. The account will then show how the 

infant develops its characteristic bacterial flora 

when it emerges into the world and will discuss how 

it is equipped to deal with the onslaughts of patho- 

genic micro- organisms. From this it is a logical 

(step to describe the aetiology of some of the 

commoner infections of infancy, how they are trans- 
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mitted and what attempts may be made to prevent 

them. 

INFECTION IN INTRA -UTERINE LIFE. 

Before birth the foetus and its surroundings 

are normally entirely sterile. On rare occasions 

however infection may reach the foetus during preg- 

nancy via the placenta. Less rarely it may reach 

the foetus from the vagina during labour. 

Antenatal Infection. 

How often a foetus becomes infected and recovers, 

without permanent injury it is impossible to say. 

That recovery with little injury can occur is shown 

by the scars that have been found on infants whose 

mothers have had variola during pregnancy. Pre- 

sumably as a mother recovers from a general infec- 

tion her antibodies also reach the foetus and aid 

its recovery as well. The infant may also be 

helped by chemotherapy of the mother. Woltz & 

Wiley (1946) for instance showed that penicillin 

could reach the foetus as early as the 10th week. 

The work of Vahlquist and his colleagues (1950,1951) 

however suggests that the protective action of the 

mother's antibodies may be less effective early in 

pregnancy, for they found in the first half of 

pregnancy lower titres of antibody to staphylolysin 

and streptolysin in the foetus than the mother, 

whereas towards the end of pregnancy the titres 

tended to approximate. 
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That bacteria may readily reach the foetus is 

suggested by the work of Nakagawa (1936) who found 

that haemolytic streptococci or Staph.py,ogenes when 

injected intravenously to pregnant animals could be 

recovered from the foetal blood and amniotic fluid 

within a few hours. It appears to be unnecessary 

for the placenta to be diseased before bacteria can 

cross it, although this is of course found in 

congenital syphilis or in the rare cases of con- 

genital tuberculosis. 

Although it is impossible to estimate the 

frequency of foetal infection, infection observed 

at the time of birth gives some idea of its incidence 

at this time. In the past the commonest congenital 

infection has been syphilis, estimated by 

Cruickshank (1924) as 1% in the Glasgow hospital 

class. In a series of 800 autopsies on neonatal 

deaths he found syphilis in less than 1% (1930). 

Wattie (1944) from clinic returns found an incidence 

for infants under a year for Scotland falling from 

1.95 per 1,000 births in 1931 to 0.93 in 1942. 

Neither in Cruickshank's series of autopsies 

nor in Potters series of 2,000 (Potter, 1940) is 

there any reference to congenital infection apart 

from syphilis. It may therefore be assumed that 

obvious congenital infection is rare. 

It is of course well known that severe infec- 

tions in the mother may interrupt pregnancy and in 
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some of these infection of the foetus may have 

occurred. Bull (1945) for instance states that 

typhoid interrupts pregnancy in 60 -80ó of cases and 

that the foetus is infected in almost half. 

Possibly any organisms that can produce a blood 

infection may at times infect the foetus. The 

rarity of foetal infection shows that the placenta 

is a relatively effective barrier but that under 

certain circumstances this barrier can be crossed. 

Certain organisms as Brucella abortus or the 

virus of equine abortion appear to be able to 

establish themselves selectively. Foetal infection 

with staphylococci, streptococci, Sam. paatyphj B 

B._anthracis, V._cholerae, and C. diphtheri% and 

with the viruses of such diseases as measles, 

varicella and influenza have been described 

(Alpers and Patten, 1936; Duskes and Dodge, 1928). 

A few cases have been reported where the 

infant was found infected at birth although the 

mother showed no signs of infection. Brown & 

Kincaid (1926) described the isolation of a 

haemolytic streptococcus from the macerated seven 

months foetus of a healthy woman and De Lee (1916) 

refers to several cases in which organisms were 

isolated from the foetuses of women with little or 

no recent infection. Some of these cases may have 

been due to intra- partum infection. 

A special result of infection of the foetus 
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that has received much publicity in recent years 

is the production of foetal deformities. Gregg 

(1942). noted the occurrence of congenital mal- 

formations in the infants of mothers who had had 

rubella in pregnancy and Swan and his colleagues 

(1943, 1946) reported further series of cases. 

Since then a large literature on the subject has 

grown up and the original findings have been amply 

confirmed. It appears clear that the risk of mal- 

formations occurring is much greater when infection 

occurs in the first three months, but there are 

conflicting opinions on the degree of risk in 

carrying to term a pregnancy where the mother has 

had rubella early in pregnancy. For example 

Patrick (1948) estimated that 40% of children were 

affected when the mother was infected in the first 

three months; on the other hand GrBnvall & 

Selander (1948) found only one deformed child among 

26 mothers who had had rubella in the first four 

months. It appears that these deformities are a 

special example of tissue susceptibility at an 

early stage of development, certain organs of the 

body being attacked by the virus only at about the 

time of their formation. Rare cases of congenital 

abnormalities following other virus infections have 

been described e.g. Varicella (Laforet & Lynch,1947) 

measles (Packer,1950) mumps (Grassi, 1950) infectious 

mononucleosis (Leary, Welt, & Beckett, 1949). 
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Some of these associations may of course have only 

been coincidental. 

Intra -natal Infection. 

With the onset of labour, the risk of infec- 

tion to the infant increases markedly. Harris & 

Brown (1927) have shown by bacteriological examina- 

tion of the uterus during Caesarean section that 

the uterus may contain organisms within a few hours 

of the onset of labour and that this may occur 

before rupture of the membranes.. Penfold and 

Butler (1933, 1937) showed that infection of the 

placenta might follow the induction of labour with 

the rectal tube and that foetal death was more 

common in the presence of placental infection. 

Organisms isolated from these dead infants were 

usually found to be similar to those isolated from 

the placenta and by careful testing it was shown 

that the strains of Bact.coli from the placenta 

were usually identical with those isolated from the 

infant. These findings are supported by the find - 

ings of Brim (1939) who cultured the organs of 100 

still -born infants and early neonatal deaths and 

found organisms in 8 cases. Kobak (1930) obtained 

positive cord -blood cultures in 10 per cent of 377 

births. The positive blood cultures were associated 

with early rupture of the membranes. Cornelison 

and his colleagues (1946) found bacteria most 

commonly in the oronasal cavity at birth when the 



third stage of labour had been prolonged. 

Davis and Potter (1946) have shown that thoro- 

trast injected into the amniotic fluid readily 

passes to the lungs and alimentary tract. When 

asphyxia threatens, the normal respiratory movements 

(Snyder, 1940) become exaggerated and produce 

further aspiration of the fluid. Where this is 

contaminated with organisms infection of the lungs 

may follow. Excessive aspiration of fluid from 

asphyxia may also produce obstruction of the 

respiratory passages and depression of the respira- 

tory centre so that proper expansion and ventilation 

of the lungs does not occur. The stagnant secre- 

tions in the lungs produce a chemical irritation 

of the tissues and provide a favourable medium for 

the development of aspirated organisms which may 

result in a fatal pneumonia (MacGregor, 1939). 

Death from infection in the first few days of 

life through one of the methods already described is 

commoner than generally believed owing to the 

'indefiniteness of the symptoms and to failure to 

carry out bacteriological and histological examina- 

tion of the lungs. 
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ESTABLISHMENT OF THE BACTERIAL FLORA OF THE INFANT. 

During the later stages of birth and immediate- 

ly after birth the infant acquires a scanty 

bacterial flora which rapidly increases in 

abundance and variety. A study of this process 

provides information on the types of bacteria in 

the environment capable of establishing themselves 

in or on the infant and demonstrates the relative 

ability of different species of bacteria to main- 

tain themselves and multiply on the various body 

surfaces, i.e. the skin, upper respiratory passages 

and alimentary canal. 

Each of these areas has its own characteristic 

flora which differs from that of the other areas. 

A process of selection goes on in each area whereby 

certain organisms are eliminated, other flourish 

with some difficulty and form a relatively small 

proportion of the total flora; others again appear 

adapted to the area, multiply readily and become 

part of its basic flora; for example, non- haemo- 

lytic streptococci in the throat, Bact.coli in the 

faeces, or lactobacilli in the vagina. On this 

basic flora, which is common to the great majority 

of normal human beings, there may be superimposed 

a fluctuating flora of organisms, some non- patho- 

genic, others potentially pathogenic. Their 

presence is due to the particular state of general 

or local resistance of the patient and to chance 
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exposure to infection, and normally these organisms 

do not become permanent inhabitants. 

The process of selection whereby each region 

of the body develops its characteristic flora begins 

at the time of birth. The infant is exposed to a 

number of different organisms in the vagina during 

birth and to a further variety of organisms after 

birth which it acquires by contact with its 

surroundings. By a process of selection in a few 

days each region of the body which normally carries 

organisms has acquired its own characteristic flora. 

The Skin. 

The organisms to which the skin of the infant 

is first exposed are those of the vagina, and these 

must form the initial flora of the skin. Unfor- 

tunately there appears to have been little work done 

on the bacteriology of the skin of the new -born; 

however, it appears that Staph.albus rapidly 

establishes itself as the predominant organism 

(Neufeld, 1942). Potter and Abel (1936) found that 

with the use of sterile cotton -seed oil there was a 

'steady increase in the numbers of skin organisms 

over the first few days, but that this was prevented 

by the use of a medicated oil. Staph.albus was 

found to be the main type of organism present except 

in the "napkin area ", where there was a tendency for 

Bact.coli to predominate. Staph.aureus has been 

isolated from the skin of newborns (Benians, 1943) 
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but there has been little work done on the incidence 

of this organism on the skin at this time of life. 

Apart from the organisms already mentioned, the 

skin may carry transitory organisms such as Street_ 

viridans,, C. albicans, etc., which do not persist. 

Mouth Nose and Throat. 

There has been considerable controversy as to 

the relative role that intra -partum and post- partum 

infections play in establishing the initial bacter- 

ial flora of the upper air passages. These differ- 

ences may be at least partially ascribed to the 

different techniques used by various investigators 

on this subject. One group of workers (Kneeland, 

1930; Torrey & Reese, 1944) found that in the 

majority of cases the air passages of infants were 

sterile a few hours after birth. Moreover, 

potentially pathogenic organisms such as haemolytic 

streptococci, pneumococci and the influenza bacillus . 

were absent in the first two weeks. Other workers, 

however (Gundel & Schwartz, 1932; Witkowski, 1935) 

using more delicate methods (preliminary incubation 

of swabs in broth) found that shortly after birth 

the air passages of the majority of infants were 

infected. The organisms isolated moreover roughly 

corresponded in species and proportions to one 

another to those found in the vagina. Lactobacilli 

for example were very common but diminished in a few 

days. Moreover, these workers were able to isolate 
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haemolytic streptococci and pneumococci from a 

considerable proportion of these infants a few 

days after birth. A close correlation was found 

between their presence in the mother and child and 

this was confirmed by serological typing of the 

pneumococci. The discrepancy between these find- 

ings and those of the former group of workers may 

be explained on the assumption that infants become 

infected early on with these potential pathogens, 

but that they either fail to persist or they main - 

tain themselves with difficulty. The mucous 

membranes of the new -born infant do not appear to 

provide a suitable medium for the growth of these 

organisms. This is supported by the fact that the 

infected infants were mainly perfectly healthy. 

This selective action of the mucous membranes is 

also demonstrated by some interesting work of Torrey 

and Reese (1944) who investigated the strains of 

Strep,t. viridans found in the throats of premature 

new- borns. Shortly after birth the various bio- 

chemical types were found to be present in about 

the same proportion to one another as in adults. 

Later, however, this proportion changed so that it 

was significantly different from that found in the 

adult. 

It seems that certain bacteria develop with 

extreme readiness on sites for which they have a 

special predilection, e.g. Strut. viridans in the 

throat and StaaRh. aureus in the nose and that these 
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organisms establish themselves in these sites how- 

ever careful the nursery hygiene. (Torrey & Reese, 

1945; Smith & Bloomfield, 1950). 

Faeces. 
At birth the meconi,m is sterile in 

the majority of infants but some specimens yield a 

good growth of staphylococci (Hall & O'Toole, 1934)., 

The flora is variable for the first few days, 

staphylococci being common, and Bact.coli 

practically universal by the third day (Hall & 

O'Toole, 1935). In breast -fed infants the typical 

yellow milk stool begins to appear on the 3rd -6th 

day, and with it the stool takes on its typical 

flora in which lactobacilli predominate with nor - 

mally relatively few coliform bacilli and enterococd. 

If the infant is put on artificial food the intes- 

tinal flora changes in 24 hours and Bact. coli 

becomes predominant (Gerstley, Howell & Nagel,1932), 

Addition of 12 per cent. lactose to the feed or re- 

turn to breast -feeding will restore the flora to its 

previous state but this takes about two weeks. 

The predominant flora does not appear to be affected 

by the organisms ingested in the diet, nor by the 

nasopharyngeal organisms or parenteral infection. 

An explanation has been suggested for the effect of 

breast -milk on the intestinal flora. Lysozyme is 

present in human milk and is particularly high in 

the colostrum (Cattaneo & Maggiora-Vergano, 1948), 

but not in cow's milk (Bordet & Bordet, 1924). 
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Moreover, it is found that it occurs in the stools 

of breast -fed but not artificially fed infants, and 

that if faeces are incubated in the absence of lyso- 

zyme Bact. coli overgrows the lactobacilli, but this 

can be prevented by the addition of lysozyme 

(Rosenthal & Lieberman, 1931). Possibly other 

factors also account for the difference between the 

flora of breast -fed and artificially fed infants. 

It might be suggested that the conditions which 

suppress the growth of Bact. coli in breast -fed 

infants may also inhibit more pathogenic organisms 

and partly account for the well -known low incidence 

of intestinal infections in the breast -fed compared 

with the bottle -fed infant. The value of lysozyme 

is supported by Voronova's claim to obtain good 

results by treating infantile diarrhoea with this 

substance (1945). Snyder (1940) found that, apart 

from lactobacilli and Bact. coif, enterococci, Cl. 

welchii, Cl.tertius, Bacteroides and Bactt aerQenes 

occurred in over 40 per cent of the stools of infants . 

under one year old and that haemolytic Bact. coli 

could be isolated from the majority of specimens. 

The significance of doubtful pathogens, such as 

Proteus, Bact. morgani, etc. will be considered in 

the section on infantile diarrhoea. 
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RESISTANCE TO INFECTION. 

The special characters of infection in infancy 

as regards incidence, mortality, clinical features 

and epidemiology are largely determined by the fact 

that the immunological state of the infant differs 

from that of older children and adults. This is 

partly due to a passive immunity to many infections, 

conferred by the mother during the infant's intra- 

uterine life and gradually disappearing in the 

first few months, partly to a lack of specific 

acquired immunity through lack of previous exposure 

to infections, and partly to immaturity of the 

tissues, which results in the organisms entering 

the body more readily, in a poor cellular response, 

and in defective antibody production. The effect 

of tissue immaturity on susceptibility to bacterial 

invasion is demonstrated by the high death rate from 

infection in premature infants. For example 

(Department of Health for Scotland, 1947) 66% of 

168 deaths due to infection occurring in a maternity 

hospital between the 3rd and 31st days were in 

premature infants and in 111 deaths of premature 

infants in that age range 63% were due to infection. 

On the other hand there is evidence that the 

immature animal may be actually less susceptible to 

certain organisms or toxins than older animals 

(Cannon, Chase & Wissler, 1943; Degara, 1945). 

Degara found that young rabbits were much more 
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resistant to inoculations of haemolytic strepto- 

cocci, but that previous inoculations with a homo- 

logous vaccine greatly increased the susceptibility 

of the young rabbits. This suggests that the 

feeble reaction in the young to such a. pathogen is 

due to lack of previous sensitisation. Foetal 

tissue cells have the power of neutralising 

diphtheria toxin without being damaged by it 

(Wadsworth & Hopper, 1931). This may be a further 

explanation of the insusceptibility of the young to 

such toxins. 

It has been shown that the antibodies in the 

maternal circulation are present to approximately 

the same titre in the serum of the new -born infant: 

for example the titres of staphylococcal antitoxin, 

antistreptolysin (Gordon & Janney, 1941; Wilson, 

Wheeler & Leask, 1934), antifibrinolysin (Lippard & 

Wheeler, 1936), diphtheria antitoxin (Neill, Gasperi, 

Richardson & Sugg, 1932), tetanus antitoxin, pneu- 

mococcicidal antibodies and bactericidal antibodies 

to H. influenzae (Fothergill & Wright, 1933), and 

the neutralising antibodies of the poliomyelitisviras 

(Aycock & Kramer, 1930). Schubert & Grunberg (1949) 

followed the fate of the 'H' agglutinins formed when 

pregnant women were inoculated with a typhoid 

vaccine. In only exceptional cases did the agglu- 

tinins appear to reach the infant, but the colostrum 

developed higher titres than the serum. In all 
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cases the typhoid agglutinins appeared in the 

infant's stools. It seems possible that anti- 

bacterial antibodies pass the placenta less readily 

and this is supported by Ravid (1935) who found the 

normal Bact_ coli agglutinins of adult, serum absent 

in the new born. 

Passively acquired antibodies may be a handi- 

cap because they tend to inhibit the production of 

further antibodies from antigenic stimulation. 

Inherited antibody, for instance, depresses the 

response to diphtheria toxoid (Greenberg & Fleming, 

1950; Peterson & Christie, 1950 ). This could 

be an argument against protecting the infant by 

immunising the mother during pregnancy. Passive 

immunity to infection can only occur when the 

mother has been previously immunised either arti- 

ficially or by a natural infection, and the 

immunity must have lasted until the time the infant 

is born. Mishulow showed that only about one -third . 

of pregnant women possessed protective antibodies 

to pertussis before immunisation. To this fre- 

quent lack of immunity to pertussis in the mother 

may be ascribed the frequent susceptibility of the 

young infant. 

Apart from the trans -placental transmission of 

antibodies, the possibility must be considered of 

the production of these antibodies by the active 

immunisation of the infant during pregnancy. 

is unlikely in view of the fact that the titre 

This 



closely parallels that of the mother, that the 

immature reticulo -endothelial system responds very 

poorly to antigens, and that the antibodies 

gradually disappear in a few months. Moreover, 

antigens appear only occasionally to cross the 

placental barrier. The possibility of the trans- 

ference of antibodies via the colostrum or the milk 

also needs to be considered. In the calf, anti- 

bodies are transferred solely by this route (Mason, 

Dalling & Gordon, 1930). In the human, however, 

there appears to be at most an unimportant trans- 
{ 

ference of antibodies (Kuttner & Rattner, 1923). 

This is at least partly due to poor absorption from 

the intestine (Vahlquist & Högstedt, 1949; Schubert 

& Grunberg, 1949). Toomey (1934), however, reports 

a rise in typhoid agglutinins in infant's serum ten 

days after birth above its mother's titre, and 

Abraham reported that colostrum protects guinea-pigs 

against the lethal action of Bact. coli endotoxin 

and found a high titre of agglutinins to Bact.coli 

in the fluid (Abraham, 1929). The serum of the new -. 

born infant has a low globulin level. Colostrum, 

however, contains euglobulin and this produces a 

rise in the infant's serum level when it is breast - 

fed (Lewis & Wells, 1922). This may be important 

for immunity. Raising the serum globulin may 

facilitate the production of antibodies, since anti - 

bodies are generally regarded as modified globulins. 
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A reduction in blood proteins has been shown experi- 

mentally to be associated with increased suscepti- 

bility to infection. 

Speaking generally, from the age of about six 

to eighteen months or more, antibodies are absent or 

present only in low titre (Fothergill & Wright, 1933; 

Gordon 8 _ Janney, 1941; Lippard & Johnson, 1935; 

Rickard, Horsfall, Hirst & Lennette, 1941; Wilson, 

Wheeler & Leask, 1934) . This is not entirely due to 

lack of exposure to infection, for the infant will 

probably have been carrying, for example, various 

types of pneumococci and haemolytic streptococci for 

at least part of this time. The absence of demon- 

strable antibodies in the circulation is due to the 

failure of the immature body to respond to antigenic 

stimulation (Freund, 1931). For instance agglutinins 

are not produced readily to T.A.B. vaccination 

(Frankstein, 1920), diphtheria antitoxin to injection 

of toxoid (Ribadeau- Dumas, Loiseua and Laconema,1925) 

precipitins to pneumococcal polysaccharides (Davies, 

1937; Felton, 1938) nor antibodies to influenza 

vaccines (Cohen & Scheck, 1948). In addition, anti- 

bodies do not appear so frequently or to so high a 

titre in the course of active infections. For 

example, Finland & Shuman (1942) found the develop- 

ment of agglutinins to pneumococcal infections under 

three years was less frequent and to lower titre than 

in older children. Baumgartner (1934) has also 
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shown that antisera from young animals react less 

rapidly (have less "avidity ") than sera from older 

animals and this is not parallelled by the titre of 

the serum. Culbertson (1939) also demonstrated 

the relative inactivity of the protective mechanisms 

of the body by showing that the Kuppfer cells in 

young animals phagocytosed inert particles less 

readily, and Freund (1931) notes that in rabbits 

dying of pneumococcal septicaemia the organisms are 

mainly extra -cellular in young rabbits and intra- 

cellular in adults. The defective reaction of the 

tissues is also seen in the poor response of the 

skin to irritants. For example, Dick and Schick 

tests may be negative even in the absence of anti- 

toxin in the infant's serum, and staphylococcal 

toxin or such chemical irritants as mustard oil 

(Friedberger & Heim, 1929) produce very little 

reaction. Kahn, however, explains this failure to 

react by showing the inability of the skin of the 

very young rabbit to fix foreign proteins or 

bacteria when injected intradermally. They pass 

rapidly into the general system so that in the case 

of pathogenic bacteria generalised infections may 

result. The skin of the adult, on the other hand, 

fixes organisms or toxins at the site of inoculation. 

This is not a specific immunity due to previous 

infection for it occurs also with foreign proteins 
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such as horse serum. It is to be remembered that 

an immunity due to infection can be acquired with - 

out the production of demonstrable humoral anti- 

bodies, and that the presence or absence of anti- 

bodies in the blood may not be completely correlated 

with immunity. 

It may be that resistance to infection increases 

with the development of the endocrine glands. 

,Anterior pituitary extract for instance increases 

Ithe resistance of young monkeys to poliomyelitis 

(Jungeblut & Engle, 1934; Kramet,Grossman & Parker, 

1938). Oestrogenic hormon as also been found to 

protect castrated monkeys against this infection 

(Aycock, 1936) and to increase the resistance of 

castrated rabbits to vaccinia (Sprunt, M'Dearman & 

Raper, 1938). Thyroid extract may increase the 

antitoxin titre of hypothyroid patients previously 

immunised with diphtheria toxoid (Schmeckebier,1943). 

There is also the possible r81e of maternal hormones 

transferred in the milk. Gregoire (1947) for 

instance found thymic atrophy in suckling rats, with 

regeneration when suckling stopped. The nursing 

rats had enlarged suprarenals. Much recent work on 

hormones isolated from the suprerenals has shown that 

they are related to resistance to infection. There 

is a good deal of evidence that the lymph glands may 

be responsible for antibody production and the 

activity of the glands is at least partially con- 
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trolled by the suprarenal gland. Jandon (1946, 

1948) regarded as important the activity of the 

suprarenals in the new -born and claimed good effects': 

with suprarenal cortical extract in treating infants 

not thriving or suffering from anorexia, vomiting, 

etc. Klein & Hanson (1950) however do not regard 

it as justifiable to assume that the poor resistance 

new -born infants is due to lack of cortical 

hormone. 

The question arises whether antibodies only 

appear in the serum as a result of previous infec- 

tion with the corresponding organisms. Agglutinins 

for a wide range of organisms are commonly found in 

the blood of various animals. Many of these 

organisms could not be expected to have produced 

previous infection in the animal. The most 

probable explanation of the presence of these anti - 

bodies is that they are due to infection with 

common strains of organisms which have minor anti- 

gens in common with the rarer organisms with which 

the serum gives reactions. For instance certain 

strains of Bact. coli have been shown to have 

antigens common to certain members of the Salmon- 

ella group, and might therefore stimulate the 

production of agglutinins towards these organisms. 

Forssman's heterophil antigen is found in a wide 

range of bacteria and will produce type specific 
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antibodies to Type I pneumococci, which protect 

against these organisms (Bailey & Shorb, 1931). 

Ingalls (1937) isolated an enterococcus from a 

rabbit that produced agglutinins not only to itself 

but also to Sh._shigae. Young rabbits fed on the 

enterococcus produced antibodies for both organisms. 

It would seem, therefore, that normally occurring 

organisms in the respiratory and alimentary tracts 

might produce antibodies to a much wider range of 

organisms; whether this is of immunological signi- 

ficance or not it is difficult to say, but Sugg & 

Neil (1929) were able to protect mice against a 

Type 2 pneumococcus by feeding with a yeast which 

had been shown to contain the same polysaccharide as 

the pneumococcus. However, since in the first year 

of life the humoral antibodies are absent or present! 

only in low titre, it is probable that the produc- 

tion of antibodies by the above method occurs mainly 

at a rather later stage of development. 

Although the production of antibodies is feeble ! 

in the first year, it is probable that a degree of 

local immunity develops. In view of the fact that 

the upper respiratory tract is commonly parasitised 

with such potential pathogens as haemolytic strep- 

tococci and pneumococci, it seems probable that, in 

addition to a feeble production of humoral anti- 

bodies, a local specific resistance may also be 

produced. Walsh and Cannon (1936) have shown that 
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instilling a formolised Typel pneumococcus vaccine 

intranasally into rabbits protected them against 

the effects of intranasal instillation of virulent 

Type I pneumococci even in the absence of a general 

immunity. Thrush infection is also instructive in 

this connection. Since this infection occurs 

commonly shortly after birth, and the appearance of 

the fungus is always followed by the occurrence of 

visible lesions (see later in thesis), it would 

appear that passive immunity does not occur. The 

thrush lesions may develop and disappear without 

treatment and yet the fungus remains in the mouth. 

Evidently, the tissues in a few days have developed 

the power of preventing invasion by the fungus. 

The nature of this immunity has not been investi- 

gated. 

In one respect infants may possibly at times 

gain benefit from not having been previously infec- 

ted with an organism in 

hypersensitive to it. 

sensitivity to immunity 

probable that, as occur 

tions, hypersensitivity 

smaller infecting dose, 

that they then cannot be 

The relation of hyper - 

is uncertain, but it seems 

in staphylococcal infec- 

results in reaction to a 

in a more violent local 

reaction but with less tendency to produce a 

generalised infection, and in a shorter duration of 

illness. In the case of streptococcal infections 

it has been suggested that in infants this organism 
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usually produces the symptoms of nasal discharge, 

cervical adenitis, anorexia and peevishness, lasting 

some weeks. In the hypersensitive adult however, 

there is a marked follicular tonsillitis with high 

temperature and prostration, but recovery occurs in 

about a week (Boisvert, Darrow, Powers & Trask,l942)., 

It has also been suggested that the rash in scarlet 

fever is due to a hypersensitivity to streptococcal 

toxins. This might partly account for the rarity 

of scarlet fever in the infant. 

It seems probable that hypersensitivity is the 

earliest stage in the development of immunity, 

M'Broom and Schlesinger for example (M'Broom & 

Schlesinger, 1940; Schlesinger & M'Broom,1940) found 

that hypersensitivity to pneumococcal nucleoprotein 

occurred within 72 hours of the intradermal injection 

of pneumococcal vaccine, but without the appearance 

of antibodies. After three days local type-specific 

was present although humoral antibodies 

could not be demonstrated until the sixth day. 

Pacheco (1938) found artificially fed infants gave 

positive skin tests to Bact. cols filtrates more 

readily than breast -fed infants. This is possibly 

related to the high Bact. coli content of the faeces 

of artificially fed infants but the immunological 

significance of the phenomenon is not clear. 
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Certain non -specific bactericidal effects have 

been demonstrated on body surfaces. The skin, for 

example, has been shown to possess well -marked 

bactericidal activity towards a wide range of 

organisms, and the presence of lysozyme'in the skin, 

and the lacrimal, oral and nasal secretions, apart 

from other body tissues, may play a part in protec- 

ting these surfaces from bacterial invasion. The 

mouth of the newly born infant is lacking in saliva 

and this may reduce the bactericidal activity of the 

mouth. On the other hand, the pH of the mouth is 

on the acid side and this may help to inhibit the 

growth of many organisms. The cause of this acidity 

not known but it may perhaps be due to the fre- 

quent regurgitation of the stomach contents. 

In the adult the acidity of the gastric secre- 

tions should destroy the majority of organisms 

swallowed. In the infant, however, the acidity of 

gastric secretions tends to be low and this may be 

still further reduced by lowering of the general 

health of the infant. Miller (1941) found 

achlorydria in a number of newborn infants and a 

lower acidity in underweight infants or infants with 

cerebral haemorrhage. Low gastric acidity enables 

organisms to pass more readily to the intestines and 

to flourish more readily in the small intestine. 

In health the small intestine contains very few 

organisms, but they may be numerous in cases of gastro- 
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enteritis. This may be due partly at least to 

diminution in the acidity of the stomach contents. 

It is generally agreed that the intestine of the 

new -born is more permeable to proteins than in later 

life. Euglobulin for instance is absorbed from the 

colostrum and raises the euglobulin content of the 

infant's blood. This may also apply to foreign 

proteins such as those in cow's milk, and absorption 

of such proteins may lead to sensitization against 

them. Bacteria probably also pass more readily 

through the intestinal wall and this may partly 

account for the important part that coliform organ- 

isms play in infant infections. Gulbrandsen (1935) 

considers that organisms are continually passing 

through the mucous_ membrane of the intestine, but 

that in doing so they undergo a marked change in 

antigenicity, with diminution in pathogenicity and 

ability to grow in culture. Presumably they are 

then eliminated by the reticulo -endothelial system. 

It is easy to believe that in early life this process 

may break down and allow unchanged bacteria to pass 

into the circulation. In addition it is to be expec- 

ted that various toxins and products of metabolism 

produced in the intestinal tract will also be readily 

absorbed. Normally these are detoxicated in the 

liver but this process may not occur so efficiently 

ln the young infant. 
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The resistance of the infant to infection is 

affected not only by its on diet but also by that 

of its mother during her pregnancy and lactation. 

The mother's diet influences the child in that she 

is responsible for starting the infant in life with 

an adequate supply of vitamins, iron and other 

substances, and also because of the possibility 

that poor diet in the mother may lead to prematurity 

and still- birth. It was at one time regarded that 

dietetic deficiencies in the mother were not impor- 

tant to the infant. Certainly women under famine 

conditions may give birth to apparently well - 

nourished infants, but it is possible that the 

effects of the mother's malnutrition begin to affect 

the infant a little later. Recent work suggests 

that the maternal diet has an influence on the 

welfare of the infant. Ebbs et al. (1942) found 

that supplying dietary supplements of milk, eggs, 

cheese, canned tomatoes, Vitamin B and D to mothers 

on a poor diet improved the general course of preg- 

nancy, diminished premature births and still births, 

improved the mother's ability to feed her infant and 

reduced the incidence of infections, rickets, 

anaemia, etc. The People's League of Health (1942) 

carried out a similar investigation giving a mixture 

of salts and vitamins and obtained a reduction in 

the prematurity rate and in toxaemias. Balfour 

(1944) also obtained a reduction in the still births 
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and neonatal death rate by supplements consisting of 

Ostermilk, Ovaltine and a Vitamin B preparation 

(yeast or Marmite). The effect could not be pro- 

duced by substituting Minadex (a preparation con- 

taining Vitamins A and D and calcium, phosphorus and 

for the Vitamin B. Cameron and Graham (1944) 

have also found that the mothers of still -born and 

premature infants were on a poorer diet than mothers 

of full -time infants and that the incidence of still 

births and prematurity in mothers whose diets were 

supervised during pregnancy was signifantly lowered. 

These findings have been confirmed by the experi- 

ments of Richards (1943) who fed rats on poor human 

. diets and then added various supplements to 

different groups. The greatest improvement in the 

weight of does, the weight of the young at weaning 

and the greatest increase in the number per litter 

and the number reared alive was obtained by adding 

calcium, yeast and milk to the diet. The rats were 

then as healthy as the stock rats. The controls 

were noticeably in poor condition after rearing a 

litter, and, unlike the other groups, needed to be 

rested before mating again. It may be mentioned 

here that prematurity in itself predisposes to 

infection so that any diminution in the prematurity 

rate should tend to diminish the incidence of 

infection. Smallwood (1936) points out that 

mothers tend to develop anaemia during pregnancy, 
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that administration of iron prevents this and that 

the infants of mothers receiving iron show a higher 

haemoglobin rate at each age period. Mackay's 

important work on iron deficiency in the infant has 

shown that the addition of iron to the dried milk 

used in artificial feeding greatly reduces the 

incidence of respiratory and alimentary tract infec- 

tions and increases haemoglobin levels and weight 

(1931). Breast -fed infants were shown to possess a 

higher haemoglobin level than artificially fed 

infants. Anaemia predisposes to infection in the 

infant, and, as serious infections produce anaemia, 

a vicious circle is readily set up. 

Experiments with laboratory animals have shown 

the importance of the various vitamins and other 

dietary constituents in resistance to infection. 

In animal experiments, however, the deficiencies 

produced are usually severe. In man the defici- 

encies are usually less well marked, and their 

relation to the incidence of infection less certain 

except under extreme conditions. One thing, how- 

ever, appears clear, that the administration of 

vitamins to individuals on an adequate diet is 

valueless in preventing infection. 

There is evidence from animal experiments and 

experiments with groups of humans that Vitamin A ma3fl 

increase the resistance slightly, probably more 

particularly if the diet has been deficient in this 
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vitamin. However, as far as the infant is concern - 

ed, the risk of Vitamin A deficiency appears to be 

small. Lewis and Barenberg (1938) estimate that 

the average diet of infants contains at least four 

times the minimum Vitamin A requirements, and Mackay 

(1939) found that addition of Vitamin A to dried 

milk had no effect on the health of the infants. 

As regards Vitamins of the B group, there is 

some experimental evidence that deficiency in the 

diet may reduce resistance to infection. Bray 

found that breast --fed infants on the Pacific island 

of Nauru frequently died of beri -beri, and frequently 

suffered from infections. Providing yeast for the 

mothers and babies considerably reduced the infec- 

tions. However, as far as infants are concerned, 

in this country there is no evidence that they 

normally suffer from a Vitamin B deficiency. Elias 

and Turner (1936) found that the addition of Vitamin 

B to the diet of artificially fed infants did not 

affect growth, the incidence of upper respiratory 

tract infections or gastro -intestinal disturbances. 

Lack of Vitamin C is generally regarded as pre- 

disposing to infections. These seem to occur more 

frequently in scorbutic patients and in laboratory 

animals fed on poor diet. Meyer and Meyer (1944) 

have shown how lack of vitamin C impairs the 

response of the tissues to staphylococcal infections. 

The infant starts life with a high plasma content of 
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Vitamin C, the level of which, although considerably 

higher than the mother's, tends to be correlated 

with it (Teale, Burke & Draper, 1938). After birth 

the level falls and in some cases mild scurvy may 

occur in less than three months. This is more 

likely to occur in artificially fed infants, and 

especially in premature infants (Ingalls, 1938). 

It is advisable, therefore, to begin Vitamin C 

shortly after birth. There is evidence both 

clinical and experimental that lack of Vitamin D 

predisposes to infection, and ultra -violet radiation 

has been used in individuals to raise their resis- 

tance to colds. On the whole, however, large -scale 

experiments have shown the futility of this proce- 

dure (Barenberg, Friedman & Green, 1926). When 

there is a definite deficiency of the vitamin, 

radiation may possibly be useful but oral adminis- 

tration of the vitamin is generally simpler. 

As regards other dietetic requirements, the 

tendency towards anaemia in infants and its preven- 

tion by administration of iron with a resultant 

diminution in the incidence of infections, has 

already been mentioned. The optimum protein, fat 

and carbohydrate requirements are fulfilled while 

the child is on a milk diet, but after weaning the 

maintenance of the correct quantities of each is 

necessary. It has been shown experimentally that 
a 

high protein content in the diet tends to increase 
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resistance to infection (Sako, 1942), and it is said' 

to be a matter of clinical experience that an 

excessively carbohydrate diet produces a diminished 

resistance to catarrhal infections (Paton, 1933; 

Spiesman & Arnold, 1937). There is also experi- 

mental evidence that prolonged low protein diet 

produces lowered antibody production (Cannon et al., 

1943) . 

Reference should also be made to work by Coca 

(1941), Brown et al. (1943), and Locke (1937, 1939a, 

1939b, 1940). Coca found that in individuals 

suffering from familial non -reaginic food allergy 

colds were very much commoner. This suggests the 

possibility that an infant may tend to have a lower- 

ed resistance when it is giving hypersensitive 

reactions to foreign proteins due to new articles 

being introduced into its diet. Locke has devised 

methods of determining physical fitness and shown 

that in rabbits the ability to restore the body 

temperature after cooling was related to their 

ability to clear pneumococci from the blood -stream, 

and that at fever temperature rabbits were also able 

to deal with pneumococci more readily. In man he 

showed that the capacity to replace oxygen after 

exercise was related to resistance to colds. He 

emphasises the importance of the speed of the body's 

reaction to invasion by micro -organisms. In the 

infant this response is probably brought about, 
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apart from good nutrition, by stimulation of the 

body by free exercise, handling and variations of 

temperature. 

Within certain limits exposure to cold is 

probably beneficial. The limits must be related to 

the general condition. That exposure to too warm ,a 

temperature may be harmful is suggested by the 

experiments of Colvin and Mills (1939) who found 

that mice kept in a room at 90° F. were less resis- 

tant to haemolytic streptococci than mice kept at 

65° F. Cold may be regarded as valuable up to the 

point at which it begins to lower the general 

temperature of the body. Muschenheim et al. (1943) 

showed that mice under the influence of cold rapidly 

succumbed to a pneumococcus normally relatively 

avirulent. On the other hand Sarracino and Soule 

(1941) found that cold (and heat, fatigue and 

alcohol) had no definite effect on the resistance of 

mice to the influenza virus. 

COMMON INFECTIONS OF EARLY INFANCY. 

Infections in early infancy differ from infec- 

tions later in life in their incidence, aetiology and 

clinical manifestations. It is intended to deal 

here mainly with the aetiology of common infant 

infections, particularly with those points which 
are 

peculiar to and characteristic of this age period. 
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Some special characteristics of infections 
in earl infanti. 

Although the new -born infant carries anti- 

bodies that mainly correspond in titre to those in 

its mother's blood it is nevertheless very suscep- 

tible to bacterial invasion. The organisms however; 

that commonly produce infection differ from those 

found later in life. Pneumococci and streptococci 

are less important, although they may produce 

infection, but Staph. aureus and Bact. soli play a 

much more important part than later in life. Oral 

thrush, again, is a common infection of the new -born 

but later is a rarity, although the causative fungus 

is found commonly in adult throats. These three 

organisms StáRh. aureus, Báct__coli and the thrush 

fungus (Candida albicans) have this in common, that 

they are ubiquitous organisms, Stalh aureus being 

found in the nose in roughly half the population, 

Bact. coli in all intestinal tracts and C. albicans 

in about 30% adult throats (Nilsby and Norden, 1949).. 

As infants are readily infected by these organisms 

it is hardly surprising that infections due to them 

are common. Fortunately only certain strains of 

Stáph. aureus and Bact. coli are particularly viru- 

lent and likely to cause manifest infection. 

The very young infant shows a poor capacity to 

react to bacterial invasion. This results in 

infection tending to generalise more readily, the 



42. 

immature tissues apparently being inefficient in 

walling -off infection. Because of the poor re- 

action to infection the symptoms tend to be rather 

ill- defined and diagnosis is therefore more diffi- 

cult. 

In the past intestinal infections have been the 

commonest and most serious infections in the first 

year of life. With improved infant hygiene the 

dread "summer diarrhoea" is now rare. With the 

fall in incidence of intestinal infection respira- 

tory infection has become the commonest cause of 

morbidity and mortality in the first year. It is 

now proposed to deal in more detail with the aetiol- 

ogy of the common respiratory and intestinal infec- 

tions of the first year. 

Aetiology of respiratory tract infections. 

The determination of the causative organisms in 

respiratory infections may often be difficult. This 

is because swabbing of the nose and throat always 

yields a mixed growth of organisms, and since sputum 

cannot be obtained from an infant with pulmonary 

:infection, other methods of obtaining material for 

;bacteriological examination, such as nasal and throat 

swabbing, gastric lavage, blood culture or lung 

puncture have to be used. Even an autopsy examina- 

tion of the lungs may be inconclusive, since, in 

this age group particularly, more than one organism 
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may be isolated (Menten, Bailey & DeBone, 1932). 

This may indicate a simultaneous invasion of the 

lungs with two organisms, a super- infection with a 

second organism, or one organism may be producing 

the lesions while the other organism is commensal. 

In addition, it must be remembered that a virus may 

be the causative organism and that any bacteria 

isolated may be either secondary organisms invading 

tissue previously injured by the action of the virus, 

or are not responsible for the lesions. 

Virus infections. 

The existence of virus infections of the 

respiratory tract considerably complicates the 

determination of the causative organism in infec- 

tions of this region. Since there are no simple 

methods of isolating viruses in routine laboratories, 

the diagnosis of a virus infection has to be made 

partly on clinical and radiological grounds and 

partly through the lack of sufficient evidence to 

involve a pathogenic bacterium. The post -mortem 

appearances, macroscopic and microscopic, response 

to sulphonamide or antibiotic treatment and epidemi- 

ological evidence may also assist. There are, 

however, certain laboratory procedures which have 

been carried out which may aid in the identification 

of virus infections, such as the demonstration of a 

rising titre of antibodies to an influenza virus, 
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the presence of "cold" agglutinins or Streptococcus 

M.G. agglutinins in "atypical pneumonia" or of com- 

plement fixing antibodies in psittacosis. These 

methods however are only slowly becoming established 

as routine procedures in the diagnosis of pulmonary 

infections. Usually virus infections of the 

respiratory tract prove serious or fatal as the 

result of other pathogenic organisms invading the 

tissues already affected by the virus. The recog- 

nised virus infections of the respiratory tract are 

the common cold, influenza, measles, and primary 

stypical pneumonia including psittacosis, and these 

will now be dealt with seriatim. 

The common cold. Infants develop colds readily; 

even in the first few months of life. It is always 

difficult to be certain that an acute rhino- pharyn- 

gitis is due to the cold virus, but Kneeland (1930 b)! 

found in colds in infants that there was no important 

change in the bacterial flora of the upper passages, 

a finding which may indicate infection with the cold 

virus. In rather older infants, however, with 

severe and recurring colds, the pneumococcus was 

isolated frequently and often in profuse growth. It 

is probable that in such cases the infection was due 

to this organism developing in a child with lowered 

resistance. It has been found in adults, however, 

that colds may produce an all -round increase in the 

throat organisms, including such pathogens as pneu- 
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mococci, Staph. aureus, Strep. haemolyticus, and 

H. influenzae, and these organisms may be responsible 

for more serious secondary infections, such as sinu- 

sitis, otitis media, and pneumonia. Smillie (1941) 

for instance, found the majority of infants in a 

nursery infected with a Type 14 pneumococcus. They 

were healthy until an outbreak of colds. The pneu- 

mococcus then became more prevalent and produced 

cases of otitis media and pneumonia. 

It is a matter of common experience that 

immunity to colds is very transitory. How much 

this may be due to multiplicity of antigenic types 

it is impossible to say. Infants appear to acquire 

little or no passive immunity from their mothers but 

colds are usually mild in the first few months. 

Their importance in the infant lies in the effect of 

the local condition on feeding and respiration, and 

in predisposing to bacterial invasion. The general 

factors involved in resistance to colds are dealt 

with elsewhere. 

Dochez, Mills & Kneeland (1931 a, b) claim to 

have grown the common cold virus in tissue culture 

but other workers have been unsuccessful and 

attempts to immunise individuals with tissue culture 

virus have proved ineffective. It has also been 

claimed that the virus can be cultured in the chick 

embryo , but effective virus vaccines have 
yet to be 

reported. The best specific prophylaxis at 
present 
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available is the administration of sulphonamides or 

antibodies in the early stages to prevent secondary 

bacterial infection. Work with these drugs has 

sometimes shown that colds thus treated have been 

milder and followed less often by complications 

(Thrower, 1941). 

Influenza. Epidemic influenza is due to a group 

of viruses differing from one another antigenically. 

All degrees of severity may be found and the infant 

may acquire infection from unrecognised cases. The 

frequency of healthy carriers is unknown. 

There have been few reports on influenza occur- 

ing in infants. Adams et al. (1944) described an 

epidemic of influenza A in infants and children in 

which the symptoms appeared to be comparable in type 

and severity with those in adults. No complications 

occurred in the cases described. One must consider,, 

however, the possibility of many of the infections in 

infancy being due to one or other of the strains of 

influenza virus. As in the adult, pneumonia can 

occur probably owing to secondary infection with 

H. influenzae, Staph. aureus, etc. 

Measles. Measles is an important infection in 

the first two years of life often producing a severe 

form of the disease and associated with a much 
higher 

mortality than in later years. It may also leave as 

sequelae chronic otorrhoea, bronchiectasis, 
and other,, 

infections. Complications are generally due 
to 
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invasion with pathogenic bacteria. For the first 

few months of life the infant is protected by a 

passive - immunity derived from the mother. Later it 

is readily infected by contact with other cases. 

There is no evidence that healthy carriers exist but 

the degree and frequency of exposure is important in 

determining whether infection occurs and the severity 

of the infection. Stocks provided evidence that 

some contacts of measles developed a temporary 

immunity without showing active infection (1930). 

Such mild cases must partially account for the spread 

of the infection but it is the typical well- developed 

cases which mainly spread the disease, partly because 

of their high infectivity and partly because they are 

nfective several days before the appearance of the 

ash. Halliday (1928) has shown that close contact 

etween young children of different families living 

n tenements can be an important factor in the spread 

Lf the infection and in the production of a maximum 

incidence in the lower age groups. The child of 

higher social status tends to develop measles at a 

Later age when the mortality rate is much lower. 

Virus tmneUmonia. In recent years increasing 

attention has been paid to the existence of atypical 

pneumonias which appeared to be associated with a 

fairly definite clinical and radiological picture 
and 

in which the usual bacterial agents did not appear 
to 

pe involved. Sporadic cases and rare outbreaks 
are 
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due to infection with the psittacosis virus and are 

traceable to contact with infected parrots or other 

birds. Recently cases clinically classified as 

atypical pneumonias but proved to be Q fever, have 

occurred in this country (MacCallum et al,_, 1949; 

Stoker, 1949) but infection in infancy has yet to be 

described. 

Cold agglutinins are often present in cases of 

atypical pneumonia and the serum agglutinates a 

certain strain of streptococcus (Streptococcus M.G. 

Neither of these findings however indicate the 

causative organism but they assist in the diagnosis 

of the condition. Various workers claim to have 

isolated a virus (Francis & Magill, 1938; Weir & 

Horsfall, 1940; Eaton, Beck & Pearson, 1941; Rose 

& Molloy, 1943). Eaton and his colleagues (1944) 

report the isolation of a virus which can be passed 

through chick -embryos and is pathogenic to the 

cotton rat and the hamster. The sera of patients 

with a clinical diagnosis of atypical pneumonia 

frequently showed a rise in neutralising antibodies 

to this virus. 

Infection has been transmitted to volunteers by 

means of filtered or unfiltered sputa and throat 

¡washings, the illness produced being frequently of 
a 

minor nature, while some patients showed the picture 

of atypical pneumonia. It is evident that the 

causative virus may be responsible for many 
cases of 

upper respiratory tract infection, which 
cannot 
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clinically be separated from respiratory tract 

infections due to other organisms. 

Epidemics have not been reported in young 

children, but it is possible that the infective 

agent may produce a different clinical picture at 

this age, and possibly be responsible for some cases; 

of broncho -pneumonia. Although viruses of this 

type have not been isolated from infants, two 

epidemics of broncho -pneumonia have been described 

by Adams and his colleagues (1941, 1942) in which 

the infection was characterised by its extreme 

infectivity to the infants in the nursery and by the 

fact that older contacts were unaffected. At post- 

mortem cytoplasmic inclusion bodies were found in 

the bronchial epithelium and also in the epithelial 

cells of the throat. No virus could be isolated 

by animal inoculation or in the chick -embryo. 

Broadhurst et al. (1936) described cytoplasmic 

inclusion bodies in the pharyngeal epithelial cells 

of a certain proportion of adults, especially in 

cases of mild upper respiratory tract infection.. 

This subject is dealt with fully in Part IV of this 

thesis. Intranuclear inclusion bodies in the 

epithelial cells of the bronchi and alveoli of 

children dying from measles and whooping cough have 

also been found commonly by some workers ( McCordock, 

1932; McCordock & Smith, 1934; Goodpasture et al. 

1939). McCordock & Muckenfuss (1933) were also 
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able to show that intratracheal inoculation of 

animals with vaccinia virus along with pathogenic 

bacteria could produce the pathological appearances 

of interstitial broncho -pneumonia as seen in the 

human, and Howat & .Arnott (1944) described an out- 

break of atypical pneumonia among the contacts 

(previously vaccinated) of a case of confluent 

small -pox. These findings suggest that virus pneu- 

monia may not be uncommon in infants and that the 

mixed bacterial flora generally found in cases of 

bronch- pneumonia may often be secondary to a virus 

infection of the lungs. on the other hand the 

presence of inclusion bodies in fatal cases of 

measles and whooping -cough indicates the possibility 

of viruses acting as secondary invaders in these or 

other diseases. 

;Bacterial infections. 

Infections of the respiratory tract are common- 

ly produced by pneumococci, haemolytic Streptocci, 

Stánh. aureus, H. influenzae and H ertussis. 

The role of Strep. viridans and Gram -negative 

diplococci in producing diseases of this tract is 

very doubtful, but it is possible that some strains 

play a part as secondary invaders. In the neonatal 

period Bact.coli is also a common cause of pneu- 

monia. The pathogens may lie latent in the throats of 

healthy infants,or they may produce disease, either 

,solely through their own action or by invading tissue 
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where resistance has already been weakened by virus 

infections. They may, therefore, produce complica- 

tions following colds, measles, or influenza. The 

diagnosis of the cause of acute upper respiratory 

infections is always difficult but in infants 

probably the milder infections are mainly due to the 

cold virus and the more severe or recurrent infec- 

tions to bacterial action. 

Pneumococcal infection. In infants the common -. 

est bacterium producing respiratory tract infection 

is the pneumococcus, but in pneumonia it is found 

less commonly than in older age groups. Bullowa 

et al. (1936) found 53.9 per cent of pneumonias in 

infants under two years due to the pneumococcus, and 

Hendry (1942) found about the same proportion. The 

pneumococcus is also commonly isolated from measles 

and whooping -cough pneumonia (Ormiston, Woodman & 

Lewis, 1942). Apart from producing pneumonia the 

organism is a common cause of otitis media and other 

respiratory tract infections, and these may precede 

a pulmonary infection (Felty & Heatley, 1926). On 

the other hand pneumococci may frequently be isolated 

from the throats of healthy infants, and, unlike in 

adults, are found about as frequently in the nose as 

the throat (Straker, Hill & Lovell, 1939). 

The work of Cooper et al. (1929, 1932) has 

resulted in the differentiation of over thirty sero- 

logical types of pne cci and the use of the 

Po 

m 
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specific 'Quellung' reaction of Neufeld has made 

possible the rapid identification of types of pneu- 

mococci directly from infected materials such as 

sputum, and the identification of multiple types 

before their isolation in pure culture. These 

laboratory procedures have been the foundation of 

work on the epidemiology of pneumococcal infections. 

It has been shown that the various types of pneu- 

mococci differ in their distribution from place to 

place, in their distribution among different age 

groups, in their pathogenicity, and in their trans - 

missibility. 

Pneumococci are commonly found in the throats 

of healthy persons but the proportion of individuals 

developing active infection is low. The typing of 

pneumococci has, however, shown that while certain 

types rarely cause pneumonia but are found commonly 

in the healthy throat, other types (e.g. type 1) are 

found mainly in actual cases of infection and in 

their contacts, but are rare in the population at 

;large. Andrews (1937) was able to divide the types 

into three groups. Group A contained types which 

were the causative organism in all patients with 

lobar pneumonia from which they were isolated; they 

produced a high incidence of pneumonia in infected 

persons and high mortality in infants. Group B 

produced many cases of pneumonia in children but 
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fewer cases of pneumonia in infected persons than 

Group A, and there was a lower mortality among 

infants. Group C were responsible for the pneu- 

monia in only a few cases from which they were 

isolated. Group A contained types which spread 

more readily in families, and children exposed to . 

these types yielded pneumococci more readily than 

adults. 

Infants become infected by contact with other 

humans carrying the pnelmmococcus. Straker et al. 

(1939) reckoned that if sufficient swabs were taken 

probably all the prevalent types of pneumococci in 

the locality would be isolated sooner or later from 

each person. The incidence of pneumococcal 

carriers is greater in winter and among children. 

Smillie (1933) did not find pneumococcal carriers 

commoner in persons with upper respiratory tract 

infections, but Webster & Hughes (1931) considered 

that carriers were most likely to have mild upper 

respiratory tract infections. In any case such 

infections favour the spread of pneumococci. The 

presence of persistent foci of infection account for 

some chronic carriers. Cases of pneumonia are 

potent sources of infection and the infecting 

organisms, although usually demonstrable only for 

2 - 3 weeks, may persist in the convalescent patient 

for several months and occasionally for over two 

years. The highest rate of carriers is found in 
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the family contacts of cases (Smillie, 1933; 

Finland & Telghman, 1936). When pneumonia occurs 

in a family there is evidence that infection enters 

through infection of one of its members from out- 

side, spreads throughout the whole family, often 

infecting all its members and one of these develops 

pneumonia. 

It has been found where the mother is a carrier 

of a pneumococcus that the infant shortly after 

birth usually becomes a carrier of the same type of 

pneumococcus. Active pneumococcal infection is, 

however, rare in the first few months. Infections 

with the types that are found commonly in healthy 

adult throats become increasingly common, but in the 

infant these may produce clinical manifestations. 

The infant presumably becomes infected by close 

contact with other members of its household. 

Infection is more likely to occur if there are older 

i 

children in the family or individuals with respira- 

tory infections, since such individuals will dissem- 

inate organisms more effectively than healthy 

persons. 

Haemolytic streptococcal infections. Although; 

haemolytic streptococci have been isolated from the 

throats of newly -born infants in about the same 

proportion as in their mothers, the organisms are 

usually scanty and do not persist (Aries, Pilot & 

Shaffer, 1932) . Active infection of the respiratory 
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tract with these organisms appears to be rare in the 

new -born but they can be a common cause of umbili- 

cal infections (Chamberlain, 1936), and cases of 

streptococcal septicaemia, meningitis and erysipelas 

occasionally occur. In later months haemolytic 

streptococci appear more commonly. Kneeland (1930) 

found the organism in 11% of infants 4 -8 months old, 

and Long et al. (1939) in 3% of infants admitted to , 

hospital without bronchitis or pneumonia, but it 

was present in 19 out of 29 cases of active respira -,, 

tory tract infection. Boisvert et al. (1942) found' 

one child in 7 under 16 months old had active infec- 

tion with haemolytic streptococci when admitted to 

hospital. 

The work of Lancefield in classifying haemolytici 

streptococci by means of a precipitin reaction into 

a number of groups alphabetically labelled, has 

shown that the great majority of pathogenic haemo- 

lytic streptococci fall into Group A. Hare (1935) 

found that only about one -third of haemolytic strep- 

tococci from normal throats belonged to this group. 

Work on the incidence of streptococci in infants 

would have been more valuable if the streptococci 

isolated had been grouped. Wheeler & Foley (1945) 

describe epidemics of upper respiratory tract 
infec- 

tion in nurseries in which Group D streptococci 
were 

common in the throats of the affected infants. 

65% of strains of streptococci isolated from 
the 
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organs of children dying from various causes also 

belonged to Group D. They suggest that these 

streptococci produce infection in infants more 

readily than in adults. 

An infant acquires haemolytic streptococci by 

contact either with cases of infection or healthy 

carriers. Hare (1935) estimates the carrier rate 

in the general population at about 7¡ although only 

1 about one -third of these streptococci belonged to 

Group A. Individuals with active infection by the 

organisms are obviously the most important sources 

of infection, and as the carrier rate is higher in 

children than in adults, contact with them is a 

greater risk than with Coburn & Pauli(1941) 

suggest that carriers are often harmless and that 

before they can produce infection there must be a 

seasonal increase in the activity of the organism, 

increased infectivity of the organism due to a 

superadded virus infection in the host, and an 

increased infectivity of organisms established in 

Ì the tissues of infants and children as compared with 

'adults. 

H. influenzae infection. This organism is 

(found commonly in the respiratory tract, both of 

healthy infants and of ones suffering from respira- 

tory tract infections. Liston (1929) isolated the 

organism in almost pure culture by lung puncture 
of 

a number of infants with bronch- pneumonia. The 

i 

nrsrani am i c ai Gn a not very uncommon cause of 
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meningitis in infants. The apparent variation in 

pathogenicity of different strains of this organism 

was explained by Pittman (1931) who showed that the 

more invasive strains were encapsulated, produced 

smooth colonies, were pathogenic to mice, and com- 

prised only a few serological groups, unlike the, 

usual strains isolated from the throat which were 

rough and showed extreme antigenic heterogeneity. 

Huntington (1935) found that when the organism was 

isolated outside the respiratory passages it belonged¡ 

to one of Pittman's types, and Hoyle (1934) found 

that the appearance in the respiratory tract of 

certain strains pathogenic to mice coincided with the 

onset of acute coryza, and therefore regarded such 

colds as due to these organisms. Fothergill & 

Chandler (1936) found that the great majority of 

strains producing meningitis belonged to Pittman's 

type B, and laryngitis due to type B with positive 

blood cultures has also been reported (Sinclair,l941; 

de Navasquez, 1942). Sinorodintseff et al. (1936) 

reported that upper respiratory tract infections 

followed insufflation of volunteers with H.influenzáe 

isolated from cases of influenza or with mouse - 

virulent strains. There seems, therefore, no reason; 

to doubt the pathogenicity of certain strains of 

H. inf luenzae. The work of Dochez et all (1931a) 

in which it was found that infection of chimpanzees 

with cold virus resulted in the appearance of smooth 
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strains of H influenzae suggests that acquiring a 
cold may result in the activation of H. influenzae 

so that it becomes more virulent and may produce 

active infection secondary to the cold. 

Little work has been done on the spread of 

infection with this organism but family contacts of 

cases of influenzal meningitis have been found to be 

carriers of the same serological type. 

Staphylococcus aureus infections. Stágh. 

aureus occurs very commonly in the nose of newly - 

born infants without producing symptoms. However, 

at times, the pathogenicity of the organism seems 

increased and outbreaks of various forms of staphy- 

lococcal infection result. A staphylococcal 

rhinitis may precede a staphylococcal pneumonia 

probably often a direct spread from the upper 

,passages. The staphylococcus may also produce a 

;pneumonia by blood -spread from a focus elsewhere in 

the body. In many cases of pneumonia the organism 

is isolated from the lungs along with other organisms, 

such as haemolytic streptococci and St.viridans, and 

its role in producing disease in such cases is 

difficult to assess. StáQh. aureus may also be an 

important invading organism in cases of influenzal 

pneumonia. 

Pertussis. This infection is common during the 

first few years of life, and is sometimes a cause of 
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death. H. pertussis itself can probably cause 

¡pneumonia but death in most cases is due to secondary 

infection with haemolytic streptococci, pneumococci 

or other bacterial pathogens or possibly through 

virus infection. Cohen & Scadron (1943) stated 

that pertussis caused more deaths in the first two 

years than measles, diphtheria, poliomyelitis and 

scarlet fever combined. 

The bacteriological diagnosis of pertussis in 

the infant has been considerably improved by carry- 

ing out pernasal swabbing of suspected cases 

(Bradford & Slavin, 1940) and the use of a medium 

devised by Lacey (1951). Pure cultures of 

H. pertussis may sometimes be obtained by these 

methods. Healthy carriers of H. _pertussis have not 

been described. Kristensen (1933) failed to isolate 

the organism from 500 healthy persons and from 202 

suffering from other respiratory infections, but it 

is possible more success would follow the use of the 

newer methods. Among 301 contacts the organism was 

isolated from 9 cases and all these developed whoop- 

ing- cough. On the other hand, protective antibodies 

have been found to occur frequently in the close 

contacts of active pertussis (Bennholdt- Thomas, 1934; 

Mishulow et_al. 1942). This may be due to the 

occurrence of many mild or latent infections. 

Nevertheless pertussis may be regarded as being 

contracted normally through contact with another case. 
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The patient is most infectious early in the disease 

before the onset of the typical cough, and this 

accounts for failure to check the spread of the 

infection. 

Bact. coli infection. The work of MacGregor 

(1939) on neonatal pneumonia has demonstrated the 

importance of Bact. soli infection of the lungs at 

this age. The organism was found commonly in the 

lungs at autopsy, not only in cases of pneumonia 

following closely on birth and probably related to 

difficult and prolonged labour with aspiration of 

ammotic fluid, but also in infants dying rather 

later from a pneumonia due to an infection clearly 

acquired after birth. Bact coli was isolated from 

the lungs of 43 out of 106 infants dying of pneu- 

monia in the first 28 days and in whom significant 

organisms were isolated from the lungs. It was 

much the commonest organism isolated in the first 

three weeks and was found in all types of pneumonia 

(except those specifically associated with Stash. 

aureus and pneumococci). In spite of many 

bacteriological examinations on cases of pneumonia 

in infants and children MacGregor was never able to 

find Bact. coli as the cause of the pneumonia after 

the first month. 

Aetiology of Infantile Gastro- Enteritis,, 

In the past gastro- enteritis in infants has 

been responsible for a large proportion of infant 



deaths, but in the last twenty years there has been 

a steady fall in the incidence of this condition. 

At the same time the great preponderance of 

diarrhoea in the summer has largely disappeared 

owing to great improvements in infant feeding and 

cleaner milk, so that now in some areas there is not 

an important difference between the incidence in 

summer and winter. On the other hand outbreaks of 

epidemic neonatal diarrhoea in maternity hospital 

nurseries have been reported with increasing fre- 

quency in the United States in the last 15 or 20 

years. These outbreaks have been highly infectious 

and often attended by a high mortality (e.g. Rice, 

Best, Frant and Abramson, 1937; Abramson & Frant, 

1938; Lembcke, Quinlivan & Orchard, 1943; 

Abramson, 1950). Epidemic neonatal diarrhoea has 

also been described in this country (e.g. Ormiston, 

1941) but less frequently. 

Infantile diarrhoea may be due either to errors 

of feeding producing indigestion,to parenteral infec- 

tions or to intestinal infection. Since the 

organisms producing intestinal disease in the youn 

have not yet been clearly defined, the type of 

diarrhoea to which a particular case belongs must 

usually be determined on clinical and epidemio- 

logical evidence. The relative importance of these 

three types of diarrhoea is difficult to estimate 

and must vary with season, social status, etc. 
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There has been much controversy on the role of 

parenteral infections in the production of diarrhoea 

(so- called parenteral diarrhoea). Diarrhoea is 

commonly associated with upper respiratory tract 

infections, and is generally regarded as specially 

associated with otitis media and mastoiditis. 

Cooper (1937) found parenterai infection in 40 per 

cent of cases. In winter particularly, probably 

a high proportion of cases of diarrhoea are 

associated with respiratory infections (Graham,1938). 

Controversy is most acute as to whether mastoiditis 

is the result or the cause of the diarrhoea. 

Vomiting may infect the middle ear. Wishart (1930)i 

noted the presence of bile in the middle ear in 

autopsies on fatal cases of infantile diarrhoea and 

observed that it was unusual for cases of diarrhoea 

to start with an upper respiratory tract infection. 

It seems possible that organisms producing respira- 

tory tract infections in older children may produce 

symptoms that are predominantly intestinal in 

infants. Evans (1942) for instance noted that 

diarrhoea in infants in hospital coincided with 

outbreaks of colds, sore throats, etc. in older 

children. It seems probable that the lowering of 

resistance by enteritis can predispose to infections' 

in other parts of the body, and that respiratory 

tract infections nay produce diarrhoea either by 

irritation from swallowing secretions from the 
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infected tract or by impairing nutrition and the 

resistance of the alimentary canal to infection. 

In countries with poor hygiene a considerable 

proportion of the cases of infantile gastro- 

enteritis are due to recognised pathogens belonging 

to the dysentery and Salmonella groups. In more 

advanced countries only a small proportion of cases 

are due to infection with these organisms (Smellie, 

1939) and in most cases even where extensive 

bacteriological studies are done (e.g. Crowley 

et al., 1941) none of the recognised pathogens nor 

any unusual organisms can be found. 

A variety of non -lactose fermenting coliform 

bacilli have been strongly suspected at one time or 

another. Proteus morani (Morgan, 1906; Dick, 

Dick & Williams, 1928; Neter & Bender, 1941) has 

been isolated from a number of outbreaks but does 

not appear to be isolated so frequently as previous- 

ly. That it can assume a definitely pathogenic 

role is shown by the fact that Havens and Ridgeway 

(1929) isolated the organism in blood cultures from 

a group of enteric -like cases, and in a case of 

septicaemia it was isolated in almost pure culture 

from cervical and pulmonary abscesses (Pulaski & 

Deitz, 1940). Proteus vulkaris(Costello & Lind, 

1939) has been isolated from cases in some epidemics 

of enteritis but again its relation to the disease 

is uncertain. This organism occurs in a proportion 
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of normal stools and flourishes as a saprophyte in 

intestines affected by other pathogens. The 

organism may also probably at times cause food 

poisoning (Demnitz, 1926; Gray, 193 7). As 

organisms of the Proteus group are very hetero- 

geneous both serologically and with regard to patho 

genicity, it seems probable that certain strains at 

least may at times produce enteritis. In some 

epidemicsPseudomonas pyocyanea has also been sus- 

pected (High et al. 1946; Hunter & Ensign, 1947). 

Various other non -lactose fermenting or late- lactose: 

fermenting organisms have been isolated from cases 

of infantile enteritis (Fothergill, 1929; Johnson 

& Kaake, 1935; Fothergill, Krakower & Freeman, 1936;, 

MacKinley, 1937; Roddy, Forest & Landow, 1939), but 

if these are pathogenic they only account for a 

small proportion of cases. There appears to be a 

complete range of organisms from definitely patho- 

genic salmonellae through the paracolon group to 

the least toxic strains of Bact. coli. Serologi- 

cally there also appears to be a certain overlap in 

the various groups of organisms, Salmonella and 

Shiaellá antigens being present sometimes in strains 

of Bact . _coli . and paracolon bacilli (Peluffo, 

Edwards & Brunner, 1942; Wheeler, Stuart, 

Rustigian & Borman, 1943). 

As Bact. coli is a universal inhabitant of the 

intestines the possibility of it producing infection. 
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in the infant must be considered. Generalised 

infections in the infant are known to occur. A 

considerable proportion of cases of neonatal 

meningitis are due to Bact. coli (Barrett, Rammel- 

kamp & Worcester, 1942). Bact. coli pneumonia, 

conjunctivitis and septicaemia are also commoner in 

infants than generally realised. The occurrence of 

Bact. coli infections of the urinary tract and other 

parts of the body in adults is also well known. 

Certain strains have also been shown to cause white 

scours and other infections in newly born calves 

(Smith & Little, 1927; Lovell & Hughes, 1935). 

Other strains e.g. Bact. coli mutabile (Dulaney & 

Michelson, 1935), Bact_ mucosus (Jampolis et al. 

1932), have also been found in certain epidemics of 

infantile diarrhoea. It seems reasonable, there- 

fore, to consider the possibility of certain strains 

of Bact. coli producing enteritis in infants under 

certain conditions. Dudgeon et al. (1922) have 

shown that strains of Bact. coli isolated from 

urinary infections are fairly commonly haemolytic 

and these haemolytic strains are relatively homo- 

geneous serologically. However, haemolytic Bact. 

coli occurs commonly in normal adults (Nicholls,1934) 

and in healthy infants (Snyder, 1940). McClure 

(1943) suspected these organisms of causing an 

epidemic in a nursery but also found them in healthy 

infants. Dufourt (1928) found that Bact. coli from 
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cases of infantile diarrhoea were more virulent to 

guinea -pigs than those from healthy children. 

Filtrates of certain cultures have also been shown 

to be toxic. Jordan and Burrows (1935) have been 

able to produce enterotoxic substances from a number 

of organisms including Bact._coli by using custard 

or starch in their culture media. Lódenkamper 

(1940) isolated in an epidemic of gastro- enteritis 

in adults, strains of Bact. goli that produced an 

endotoxin lethal to mice. Blacklock et_al_ (1937) 

found large numbers of Bact. coli in the small 

intestine in gastro -enteritis. Normally this part 

of the intestine is particularly free from organisms. 

It is possible that symptoms may be due to readier 

absorption of toxins from the small intestine or that 

in an abnormal habitat the organisms become more 

pathogenic. 

The most significant work on the role of Bact. 

coli in the production of gastro- enteritis has been 

that of Bray (1945), Bray & Beavan (1948) and Giles 

& Sangster (1948). These workers both found a 

particular serological type occurring in certain 

ednidemics of infantile diarrhoea. A second sero- 

logical type was later described in another outbreak 

(Giles, Sangster & Smith, 1949; Smith, 1949). These 

two types, originally called alpha and beta but now 

generally as types 0 111 and 0 55, have since been 

found by other workers in various countries in cases 
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of infantile diarrhoea, but only rarely in healthy 

infants (e.g. Rogers, Koegler & Gerrard, 1949; 

Magnusson Laurel]. & Frisell, 1949; Neter & 

Shumway, 1950) and other types are now being sus - 

pected of producing enteritis e.g. type 026.B6 

(Orsk_ov, 1951). These two serological types have 

rarely been found in normal infants. Taylor, 

Powell & Wright (1949) for instance found type 

0 111 in one outbreak of neonatal diarrhoea, three 

outbreaks of infantile diarrhoea, in cases of 

cross- infection among infants in a general hospital 

and also in a number of babies admitted to a gastro- 

enteritis unit. On the other hand they did not 

isolate the organism from 188 infants not suffering 

from gastro- enteritis. Payne & Cook (1950) how- 

ever showed that healthy infants might excrete type 

0 111 for several weeks without developing symptoms. 

Kirby, Hall & Coackley (1950) produced enteritis in 

volunteers who drank cultures of type 0 111 but 

other strains of Bact. coli had no effect. Neter 

& Shumway (1950) produced enteritis in an infant 

with congenital defects by feeding with a culture 

of type 0 111. There seems therefore to be good 

reason for thinking that certain strains of Bact_, 

coli may produce infantile diarrhoea. 

Some workers have suspected that infantile 

diarrhoea might be viral in origin. There is some 

evidence that a virus may produce enteritis in 



adults (Reiman, Price & Hodge, 1945). Keitel(1950) 

found a raised titre for Streptococcus M.G. agglu- 

tinins in an outbreak of enteritis in infants and 

their mothers. A rise in titre of these agglu- 

tinins is not uncommonly found in atypical pneumonia 

and is regarded generally as evidence of a virus 

infection. Light and Hodes (1943) claim to have 

isolated a virus in four outbreaks of neonatal 

diarrhoea. The filtered stools from each of four 

epidemics were inoculated intranasally to calves, 

which developed a bloody mucoid diarrhoea. 

Successive passages were possible and cross -immunity 

studies indicated that the strains from each epi- 

demic were identical. Cumming (1947) reported 

similar results. Baker (1943) described a virus 

producing pneumonia and enteritis in calves and 

infective to mice but it seems probable that this is 

a different virus from the one described by Light 

and Hodes, which did not produce pneumonia and could 

not be passed through mice. Buddingh and Dodds 

(1944) described an epidemic diarrhoea accompanied 

by stomatitis, but later workers have thrown doubt 

on the significance of their findings (Abramson, 

1950). 

In the classical type of neonatal diarrhoea 

adult contacts appear insusceptible, the infants 

alone showing diarrhoea. In some epidemics, how- 

ever, this does not apply. Brown et _al. (1945) for 
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instance described an epidemic in which the disease 

was present also among the families of the infants 

and among the general community. Cook & Marmion 

(1947) also described a neonatal epidemic in which 

mothers and staff were affected as well as infants. 

An epidemic has also been described that appeared at 

the peak of an epidemic of "acute influenza" in the 

town (Lyon & Folsom, 1941), infection being intro - 

duced to the hospital by cases among then others. 

The association of several more or less simultaneous 

outbreaks of diarrhoea in nurseries in different 

parts of a town coinciding with an epidemic of benign 

lymphocytic meningitis has also been described 

(Dummer, Lyon & Stevenson, 1937). 

Because certain strains of Ste:Rh.aureus are 

known to produce gastro- intestinal symptoms due to 

entrotoxin production some workers have suggested 

that certain strains may produce gastro- enteritis in 

babies. However Martyn (1949) found Sttaph.aureus 

no commoner in the stools of cases of diarrhoea than 

in controls nor was there a higher proportion of the 

phage types to which enbrotoxigenic strains commonly 

belong. 

In summary one can say that the cause of infan- 

tile gastro -enteritis often cannot be determined; 

rarely,through the isolation of an organism of the 

Salmonella or Shigella group, the cause is certain; 

in some epidemics suspicion may fall on a non - 

lactose fermenting organism such as Pseudomonas 
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pyouanea and a number of epidemics are probably due' 

to certain specific types of Bact. coli recognised 

by serological examination. Virus infections also 

probably cause gastro- enteritis sometimes but this 

is usually impossible to determine with certainty. 

TRANSMISSION OF INFECTION. 

An individual may become infected with patho- 

genic or commensal organisms by three different 

routes. He may acquire the infection by direct or 

indirect contact. Indirect contact is probably 

more common. Objects such as instruments or cloth -' 

ing become infected by handling and these in turn 

infect other people who handle them. The second 

route is by inhalation of infected droplets or dust. 

Thirdly a person may be infected by ingesting con - 

taminated food or drink. Speaking generally, skin 

infections are spread by the first route, respira- 

tory infections usually by the second route and 

intestinal infections by the third route. No sharp 

line can be drawn between these three modes of 

infection, for clothes infected by contact may 

spread infected dust through the air by shaking and 

produce infection by inhalation and infected drop- 

, lets or dust may settle on objects which may then 

produce a contact infection or on food and produce 

infection by ingestion. 
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Transmission of respiratory tract infections. 

Respiratory tract infections are probably 

acquired largely by the inhalation of infected 

particles. Infection by contact with infected 

objects such as eating infected food., or sucking 

infected toys, however, accounts for a proportion 

of cases. Good evidence that respiratory infec- 

tions are largely air -borne, at least in infants, 

is given by Sauer, Minsk & Rosenstern (1942) who 

found that in an infant nursery, where a rigid 

aseptic technique was followed, intestinal and 

cutaneous infections were abolished, whereas 

respiratory tract infections continued to occur. 

Studies on the spread of infections in 

institutions have also been valuable in determining 

modes of spread. Haemolytic streptococci have been 

shown to be present in the air of scarlet fever, 

children's, maternity and surgical wards. Exam - 

ination of the dust of surgical wards has also shown 

large numbers of haemolytic streptococci, and 

diphtheria bacilli have been isolated from the dust 

of diphtheria wards (Wright, Shone& Tucker. 1941). 

A number of workers consider contact the most 

important method of transfer but also regard air- 

borne infection as playing a part (Allison & Brown, 

1937; de Waal, 1940). Wright (1940) in a study of 

streptococcal epidemics in children's wards thought 

that in some cases spread was from bed to bed, but 
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the exact mode of spread was not ascertainable. 

Coburn & Pauli (1941) reported on a streptococcal 

epidemic in the Babies Hospital in New York, which 

they believed to be dust- borne. The fact that 

methods used to control air -borne infection, such 

as ultra -violet radiation, chemical sprays and 

oiling of floors, have sometimes proved effective 

in reducing the incidence of infection, also indi- 

cates the importance of this mode of infection. 

Mainly through the work of Wells and Brown (1936), 

it has been shown that the typical throat commensal, 

Stream tococcus viridans, is widely distributed in 

enclosed spaces crowded with people, and that the 

concentration of this organism in the air varied 

with the degree of overcrowding and ventilation. 

These organisms were absent in air not associated 

with human beings. It was shown that organisms 

sprayed into the air could be recovered from the air 

for hours afterwards, and that organisms might still 

be alive and fully virulent after settling. It has 

also been shown that organisms survive longer in the 

dark than in diffuse sunlight, even where it has 

passed through glass'. Direct sunlight is, of 

course, still more lethal. There is experimental 

evidence that viruses also may be air -borne. Wells 

and Brown (1936) sprayed the influenza virus into 

the air and were able to recover it thirty minutes 

later, and Buchbinder & Solotorovsky (1941) were able 
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to recover the vaccinia virus eight hours after 

spraying into the air. Frazer (1948) found a 

higher infection rate in infants nursed beside their 

mothers and suggested this might be due to the 

exposure of the infant to the fluff and dust from 

bed- making etc. in the adult ward. 

Massive infection is mainly produced by droplet 

and contact infection through close association with 

healthy, and still more with ill, carriers of 

infection. This contact occurs most readily between 

the infant and its mother, especially when breast - 

fed, between the infant and other individuals with 

which it may sleep, and finally when it lives in a 

room which is small and frequently crowded with 

individuals. Contact with a large number of 

persons is also a greater risk owing to the increas- 

ed variety of organisms to which the infant is 

exposed, and therefore the greater risk of exposure 

to organisms to which the infant is susceptible. 

Since young children are more commonly carriers of 

organisms producing respiratory infection, close 

contact with this age group is more dangerous than 

with adults (Grundy, 1949). These conditions of 

life promote the maximum transmission of infection 

not only by virtue of contact with large doses of 

organisms, but also by the frequent repetition of 

infective or sub -infective doses. On the other 

hand it is to be remembered that frequent repetition 
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of exposure to small doses of infecting organisms 

may assist in building up an active immunity with- 

out producing active infection. The conditions 

promoting the spread of infection by means of the 

air are the same but in addition one may mention 

that this will also be promoted by poor ventilation, 

dry sweeping and dusting of rooms (or by lack of any 

cleaning of the room). Failure in the correct use 

of handkerchiefs and the infrequent washing of 

these, and of clothing, also assist in the dissem- 

ination of infection. The conditions required for 

the spread of respiratory infections are most com- 

pletely fulfilled in a one -roomed 'house' containing 

several young children in which several individuals 

sleep in each bed, where facilities for efficient 

cleansing of the room and of clothing are absent, 

and where ventilation is inadequate. Recent work 

suggest that the amount of daylight admitted to the 

room is also a factor, although how important this 

is cannot at present be assessed. Good window 

lighting, apart from promoting ventilation, should 

diminish the number of pathogenic organisms in the 

air and in summer at least this may play an impor- 

tant part. 

In hospitals again these same principles 

indicate that the spread of infection will be 

related to the incidence of infected persons in the 

ward, the proximity of the beds, the number of 
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patients in the ward, the number of ambulatory 

patients, the presence or absence of older children, 

the amount of ventilation, the methods used for 

cleaning the ward, and the amount of natural 

lighting. The particular individual precautions 

taken, such as masking, removal of infected staff 

from duty, and the isolation of infected patients, 

are also of obvious importance. Even, however, 

where the best general precautions are taken, 

respiratory infections may still occur in a multi - 

bedded ward. As far as infants are concerned, the 

greater risk of acquiring a respiratory infection 

in a hospital ward is due partly to the infant's 

low resistance and partly to being in contact with 

other susceptible infants, conditions which promote 

the epidemic spread of infections among the infants. 

Nurses also are likely to become infected from one 

another or by infants and then transfer the infec- 

tion to other infants. The large amount of hand- 

ling that infants require brings them in very close 

contact with the nurses and exposes each to great 

risk of infection from the other. The relative 

capacity of infants for expelling droplets does not 

seem to have been investigated, but presumably, 

except perhaps during screaming, this is much less 

than that of adults. One would expect, therefore, 

that infection of an infant by inhalation would 

occur less from another infant than from an infected 



76. 

nurse or from older children in the ward. The 

amount of handling that an infant receives would 

also tend to make contact a more important method 

of infection. A further point to be noted is that 

organisms producing respiratory tract infections in 

an infant may be swallowed, passed in the faeces, 

infect the nurse's hands and thus produce a contact 

respiratory infection in another infant. How 

important this is is uncertain. 

Transmission of intestinal infections. 

Intestinal infections are normally produced by 

the ingestion of intestinal pathogens. These may 

be introduced not only by the food but by teats, 

spoons, infants' or nurses' fingers and by the suck- 

ing of toys or clothing. The typing of staphylo- 

cocci (Allison & Hobbs, 1947) and the serological 

typing of strains of Bact. coli (Stuart & Van 

Straten, 1945; Rodgers, 1951) has shown that wide 

dissemination of organisms is probably occurring 

the whole time in a nursery. Intestinal symptoms 

sometimes appear to follow respiratory tract infec- 

tions and in such cases intestinal infections may be 

regarded as having been spread by an aerial route, 

but the work of Rodgers (1951) has shown that Bact. 

cold. can be isolated in large numbers in the dust, 

bed clothes etc. of nurseries and may therefore 

readily be inhaled. Moreover Coliform bacilli have 

often been found growing profusely in the nose and 
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throat of young infants, suggesting that they may 

have become infected from the air and may be 

capable of re- infecting the air. 

Sauer et_al_ (1942) showed that to prevent the 

spread of intestinal infections it was not suffic- 

ient to sterilise the feeds and teats. Infection 

was prevented only when a thorough regime was 

designed for the prevention of infection of all 

objects coming in contact with the infant. This is 

difficult to achieve in a neonatal nursery since 

management of infants requires much handling in 

changing, feeding, bathing, carrying to their 

mothers (perhaps on a common trolley). These 

difficulties may be aggravated by under- staffing. 

It is clear however that the risks of cross - 

infection could be very considerably reduced if 

obvious precautions were carried out stringently. 

Most workers (e.g. Cumming, 1949; Wright, 1951) 

have observed numerous errors in technique, often 

high bacterial counts in infants' feeds and marked 

bacterial contamination of objects coming in 

contact with infants. 

the. 

Transmission of skin infections. 

This is normally by contact and is spread to 

infants probably mainly by contact with infected 

hands, infected clothing, and infected dust. 

Laundries may also play a part. 

It must be made clear that it is not possible 
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to make a clear cut distinction between the modes of 

'spread of respiratory tract infections on the one 

;hand and the intestinal and cutaneous infections on 

the other. This is partly because the same patho- 

gen may produce a different disease in different 

persons. For example Loosli, Smith, Cline & Nelson 

(1950) showed how a child with an eczema infected 

with a haemolytic streptococcus produced heavy 

contamination of the ward environment resulting in 

numerous sore throats in patients and staff. As 

has already been mentioned intestinal organisms can 

also produce heavy infection of the ward surround- 

ings and lead not only to cases of gastro -enteritis 

but also heavy infection of nose and throat with the 

PREVENTION OF INFECTION. 

The spread of infection is controlled essen- 

tially by the isolation of the carriers of infection, 

the prevention of the dissemination of organisms by 

carriers, the prevention of the reception of 

organisms by susceptible individuals, and the rais- 

ing of the resistance of individuals to infection. 

This problem is most urgent in neonatal and 

children's wards where numerous individuals, a high 

proportion suffering from infections, are kept 

together at the time in their life when they are 

most susceptible and are in contact with adults 
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who may change frequently and be carriers of infec- 

tion. The greater the number of individuals in 

contact obviously the greater risk there is of 

acquiring infection. In maternity hospitals, in 

addition to the usual sources of infection, the 

infant is also exposed to its mother and also 

possibly to other mothers. In contrast, in the 

home the infant is in contact with its mother and to 

some extent with brothers and sisters and other 

relatives. 

Prevention of cross -infection in wards and nurseries.i' 

It is possible to draw up regulations for the 

control of infection, which, if carried out, should 

check the spread of infection 

Research Council, 1951). Many such regulations may 

be thought to require a staff that is too numerous 

or too highly trained to be practicable. This, 

however, may be counter -balanced by a reduction in 

the average length of stay of the patient in 

hospital, resulting in lowered cost per head. That 

contact infection may be completely prevented with 

adequate precautions has been shown by Sauer (1935) 

who claims that by the use of the Dick diet kitchen 

and nursery technique, contact infection can be 

abolished. In six years 1650 infants were cared 

for, usually for weeks or months, without a case of 

enteritis, impetigo or gonorrhoea occurring from 

cross -infection. No method has yet proved capable 
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of completely preventing the spread of respiratory 

infections, but important reductions in the incidence 

may be obtained. 

Architecture. The structure of the ward 

should be designed to discourage the spread of 

infection from patient to patient by adequate spac- 

ing or by partitioning, by ventilation methods that 

will carry organisms disseminated by the patient 

rapidly away without being brought into the 

vicinity of other patients, by ample facilities for 

hand -washing, sterilising utensils, feeds, etc., and, 

by efficient methods of disposing of soiled linen. 

It is now generally considered important that 

infants should be nursed in individual cubicles or 

closed chambers. Cubicles are incomplete rooms in 

which the walls do not extend to the ceiling and 

which are usually open to the central corridor. 

This may be sufficient to prevent direct droplet 

infection from patient to patient but may not pre- 

vent the spread of such highly infectious con- 

ditions as measles or chicken -pox, the air currents 

carrying infection to other cubicles and producing 

a general dissemination through the ward (Sauer & 

MacDonald, 1939). Rogers (1951) has also shown 

how the polishers and brooms can carry pathogenic 

strains of Bact. coli from cubicle to cubicle. 

Cubicles which are completely closed (known as 

chambers to distinguish them from the previously 
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described type) should prevent air -borne infection. 

However, cross -infection with measles has been 

known to occur even in these, suggesting a spread 

by contact. Chambers or cubicles should be com- 

posed of glass walls to provide the maximum lighting, 

to avoid loneliness for the infants, and to facili- 

tate supervision. Careful arrangements require to 

be made to ensure adequate ventilation and to 

prevent air from one cubicle or chamber being trans- 

mitted to another one. Where practicable, air - 

conditioning in which the temperature and humidity 

for each compartment can be controlled, is ideal. 

The main importance of sub -division of the wards in 

the way described lies in the prevention of air - 

borne infection. Each cubicle should be provided 

with a wash -basin, sterile gown, towel, thermometer, 

etc., to prevent contact infection through the 

attendants. These precautions against contact 

infection could be taken equally well in the ward, 

but the partitioning off of the beds promotes wider 

spacing of the beds and emphasises the necessity for 

precautions between each patient. Other points 

that may be mentioned are the provision of swing 

doors that can be opened by pressure alone and taps I 

that are manipulated with the elbow or foot. 

Reyniers (1942) has described a more elaborate 

method of barrier nursing by means of a double 

cubicle. This consists of a small cubicle, contain 
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ing the infant, inside the main cubicle. Each 

cubicle has its own air supply and the nurse attends 

to the infant while in_situ by pushing up a swinging 

glass partition. This is a most effective method 

of preventing infection reaching the infant but there 

is a risk of loneliness and insufficient stimulation 

of the child resulting in mental retardation 

(Rosenstern, 1948). Jacoby (1944) describes a 

practicable method of preventing cross -infection in 

a children's hospital where infants and older 

children are cared for, involving dividing the ward 

into a number of single cot cubicles for infants 

with units also for accommodation of several 

children such as convalescents. Frazer (1948) 

describes the use of six cot units in a maternity 

hospital. This results in a unit filling up 

usually in 24 hours and the cots becoming empty at 

the same time. This clearance of the unit enables 

it to be thoroughly cleaned out, cots sterilised etc. 

before going into further use. 

Control of Staff. The whole of the staff 

attending the infants should be regarded as sources 

of infection even when in good health, for carriers 

of amt. aureus, pneumococci and haemolytic strep- 

tococci are common. Carriers of intestinal 

pathogens are less frequent. The most dangerous 

carriers are those with active infections such as 

colds, sore throats or influenza, and such persons 
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should be excluded from duty until recovered. 

The only satisfactory way of doing this is by a 

daily inspection by some responsible person of all 

nursing staff before going on duty. Nose, throat 

and stool cultures should be carried out on every 

new nurse before taking up duties, and on the whole 

nursing staff at regular intervals (Frant and 

Abramson, 1937). 

In addition to the above precautions every 

nurse or individual associated with the infant 

should be masked. The failure of masking to prevent; 

the spread of infection has tended to cause it to 

fall into disfavour. It should, however, produce 

some reduction in the risk of infection (Long et al. 

1940). It has been shown that the layers of gauze 

commonly used allow a certain proportion of 

organisms to pass. Even this, however, will arrest 

the larger droplets and be more efficacious than no 

masking. Impermeable masks are favoured by some. 

With these the current of air is deflected and 

escapes from the sides of the mask. Organisms will 

adhere to the damp mask but the air is not filtered 

and many organisms must pass into the air. The 

ideal mask has not yet been invented. Probably it 

should be close fitting like a gas mask, should 

filter off organisms efficiently without becoming 

water -logged and impermeable. As it is inevitable 

that the infant will acquire its mother's flora 
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sooner or later masking of the mother seems unimpor 

tant, except where the mother is suffering from any 

active respiratory tract infection. 

The nurse's hand is probably the most important 

source of contact infection. It is. impossible to 

sterilise the skin but thorough washing will remove 

the majority of the organisms that have been inci- 

dentally picked up, but will not remove pathogenic 

organisms from chronic skin carriers. The only 

satisfactory method of controlling infection from 

the hand if practicable, would be by the use of 

sterile rubber gloves. These would either have to 

be changed between attending each infant or the 

hands immersed in an antiseptic shown to kill pyo- 

genic organisms in less than a minute. In general, ! 

a technique is needed which involves the minimum 

of handling of the infant (Wallace, 1947). Field 

(1943) regards her success in reducing the mortality . 

among premature infants as due in great part to this 

factor. Watkins (1951) lays special stress on a 

"no touch" technique and avoids the use of binder, 

clothing or bathing. 

Infection from towels, thermometers, ointments, 

etc. can be avoided by the use of individual arti- 

cles for each infant. The use of communal baths 

and changing tables should be avoided if possible. 

After use the bath should be sterilised with disin- 

fectant and a fresh sterile towel should be placed 
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on the scales before weighing each infant. 

The sterility of the feeds should be assured 

by boiling them, by the application of teats immed- 

iately after boiling, and the protection of the 

teat with a sterile cover until the bottle is 

required. One may mention that it is desirable 

that there should be three groups of nurses, one for 

preparing feeds, one for changing and cleaning the 

infants and one for feeding the infants. Alter - 

natively one may aim at restricting the activity 

of one nurse to as small a group of infants as 

possible to limit her opportunities for spreading 

infection. 

Control of Patients. In maternity hospitals 

there is no problem about the admission of infants, 

since they enter the nursery still almost sterile, 

but in other types of hospital infection commonly 

enters the ward by the admission of infants carrying 

pathogenic organisms. Each admission should be 

examined for the presence of infections of all kinds 

and should be isolated for as long as is ppactie- 

able. Any infant showing active infection should 

be isolated and having been isolated should remain 

so until leaving hospital or pronounced free from 

!infection following bacteriological examination. 

Where an epidemic threatens, more particularly in a 

`neonatal nursery, it is a great advantage to have 

arrangements for segregating the infants into three 
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groups, cases, contacts and fresh admissions, each 

group having separate nursing staff. This will 

however be impracticable in many hospitals through 

lack of accommodation. 

Control of air and dust. It has been made 

clear in recent years that the dust of wards may be 

heavily infected with pathogenic organisms. At 

night when there is the minimum of movement much of 

this dust settles, but bed -making and movements in 

general stir up the dust so that infected particles 

become suspended in the air to be inhaled by staff 

{ 

and patients and deposited on objects which may be 

used in connection with the nursing or feeding of 

i patients. The dust on the clothes of the staff is 

¡partially controlled by the use of sterile gowns. 

The control of dust from blankets is much more 

difficult. An attempt has been made to solve the 

;problem by impregnation of the blankets with mineral 

j oil. This has proved an effective method of reduc- 

ing the number of organisms in the dust and methods 

have now been devised making it practicable for 

laundries to treat blankets in this way for little 

extra cost and without producing a detectable 

difference in the blankets (e.g. Loosli et a1.,l946) 

Dust on the floor may be controlled by treating it 

with spindle oil (Van de Ende, Lush and Edward,l940)1 

This prevents it being scattered into the air during 

sweeping, and has been shown to be very effective 
in 
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keeping down the bacterial content of the air. 

Anderson, Buchanan and MacPortland (1944) produced 

evidence suggesting that oiling the mess -room floor 

reduced respiratory infections in a military unit. 

On the other hand, Wright, Cruikshank and Gunn(1944) 

found that when used in measles wards it was 

ineffective until combined with oiling of blankets 

etc., when the amount of cross- infection then showed' 

a reduction. However when similar work was done 

later (Begg, Smellie & Wright, 1945) although there 

was marked reduction in the number of organisms in 

the air, cross -infection persisted. This may have 

been due to spread by contact. 

Infected blankets at the laundry will infect 

others and the laundering is not sufficient to 

sterilise. Barnard (1952) recommends the use of 

"fixanol C" for the treatment of blankets at the 

laundry. This sterilises them and remains adherent 

to the blanket, producing a prolonged bactericidal 

action. 

Much research has been done on the disinfection 

of air. The methods used have been by ultra -violet; 

radiation and by chemical methods. Promising 

results were obtained by Wells, Wells and Wilder 

(1942) who found U.V.R. effective in preventing 

epidemics of measles, mumps and chickn -pox in 

schools, and Del Mundo and McKhann (1941) found that 

radiation across the foot and tops of beds in a 

children's ward reduced the infection rate. The 
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cost of upkeep is a permanent item, the radiation 

is only effective, at relatively short distances from 

lamp and there is the risk of causing burns to 

individuals working in the room for lengthy periods. 

Ozone may be produced by the radiation and there 

needs, therefore, to be adequate ventilation to 

avoid the concentration rising to a level sufficient 

to produce irritation. Various methods have been 

used to prevent burns from radiation. The lamp may'. 

be equipped with baffles so that the rays are 

deflected from the eyes, or the upper half of the 

room may be irradiated. Goggles may have to be 

worn. The radiation has also been used for steri- 

lisingthe air'in corridors on to which cubicles open 

(Robertson, Doyle, Tisdall, Koller & Ward, 1939) and 

radiation curtains at the entrance of each cubicle 

have been found to be effective in the reduction of 

cross- infection (Robertson, Doyle and Tisdall, 1943).' 

As dust is found largely on the floor, Hollaender, 

du Buy, Ingraham & Wheeler (1944) have suggested 

irradiation of the floor. They found this reduced 

the number of bacteria by half or more. Wheeler 

and his colleagues (1945) report encouraging but not 

dramatic results from irradiation of the upper air 
i 

i 

It is of practical importance to note that day -í 

light, even on a cloudy day and through glass, has 

some bactericidal effect and is probably an important; 

and floor in naval barracks. 
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factor in keeping down the number of micro -organisms 

in the air and dust (Buchbinder & Phelps, 1941; 

Buchbinder, Solowey & Phelps, 1941). 

Experiments with chemical disinfectants have 

also been carried out in recent years.and encour- 

aging results obtained. Chemical disinfectants are 

useful because they require very little apparatus 

and are carried to all parts of the room by air 

currents. Their liberation in one cubicle of a 

cubicled ward will be effective for the whole ward, 

whereas radiation is required for each cubicle 

(Henle, Sommer & Stokes, 1942). On the other hand, 

chemicals must produce their effects in concentra- 

tions that are non -irritating.. Their actions may 

be affected by humidity or dust and maintenance of 

the correct concentration may be difficult. More - 

over, the better ventilated the room the less 

effective will be the disinfectant. The chemicals 

chiefly under consideration at present are certain 

glycols. Triethlene glycol vapour, in quantities 

insufficient to have initial effects on exposed 

humans, kills bacteria suspended in the air. 

Robertson, Puck, Lemon & Loosli (1943) for instance, 

found that a concentration of 1 in 200 million pro - 

tected mice from aerial infection from the influenza 

virus and reduced the plate count of haemolytic 

streptococci suspended in saliva droplets in a room 

by 90% in ten minutes. Techniques have been 
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devised for maintaining a constant output of the 

vapour in a room and a glycostat has also been 

invented which maintains a constant concentration 

in a room (Puck, Wise & Robertson, 1944). Some 

have found this method of disinfection useful in 

reducing respiratory infection in wards (Bigg, 

Jenning & Olson, 194 5) but others (e.g. Loosli, 

Smith, Gould & Robertson, 1947; Krugman & Ward, 

1951) report that although there may be a reduction 

in the bacterial content of the air they have found 

little change in the cross -infection rate. 

It is too early to do other than maintain a 

cautious attitude on the value of these methods of 

air disinfection. Their limitations and the special 

indications for their use are not yet clearly 

defined. Avoidance of over- crowding and the maximum 

of ventilation compatible with comfort still remain 

of first importance. 

Staffing_of Wards. All methods of prevention 

of infection in wards hinge on sufficient well - 

trained, conscientious nurses under efficient super- 

vision. Where possible, nurses should be permanent 

and not changed from ward to ward. There is also 

much to be said for limiting a nurse's contact to a 

small group of infants, to which she gives full care 

(Weymuller, Beck and Ittner, 1947). These conditions 

are probably not possible in a training hospital but 

where the risk is greatest, namely with premature 
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babies, here all nursing should if possible be in 

the charge of fully- trained permanent nurses, who 

should not be looking after other children. It is 

also preferable for a pediatrician to be in special 

charge of the infants (Clifford, 1950). 

Bacteriological Control. The routine 

bacteriological testing of infants' feeds, teats, 

saline, etc. for sterility would provide some check 

on the efficacy of the techniques used in nurseries., 

The results of culturing nurses' hands and clothes, 

infants' bed clothes, floor -dust etc. would, if 

nothing else, be highly educational to the staff. 

With the ready availability of antibiotics it .is 

tempting to examine the noses of nurses periodically 

for Staph. aureus and to treat carriers with peni- 

cillin. This is however a questionable procedure, 

partly because a high proportion of staphylococci in 

-hospital staffs are now pencillin resistant and 

partly because even if a nurse carries a sensitive 

strain and this is eradicated with pencillin, it is 

possible she will then be all the more readily 

colonised by a different and probably resistant 

strain. 

Prevention of Infection in the Home. 

The risk of infection in the home is less, in 

so far as the infant is in contact with relatively 

few individuals who are normally more or less 
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healthy. On the other hand, these advantages may 

be largely offset when the infant is cared for by 

an ignorant mother, fed on a poor diet and lives in 

crowded, ill -ventilated premises with chronically 

or acutely infected adults or siblings. 

The prevention of the intestinal group of 

infections is largely assured where the infant is 

breast -fed. Artificial feeding, however, opens 

the way to malnutrition and infections. The great 

progress that has occurred in the education of the 

mother in the importance of cleanliness in the feed- 

ing of the infant, and the improvement in the supply 

and use of dried milks, has, however, led to a great 

decrease in alimentary infections in infants. 

Respiratory Tract infections are much less easy 

to prevent and have taken the place of intestinal 

infections as the most important group in infancy. 

Since at present the prevention of respiratory 

infections is largely bound up with the prevention 

of overcrowding, it must mainly be brought about by 

providing improved housing. The maintenance of 

general resistance by promoting good nutrition is 

also important (see section on "Resistance to 

Infections "). 

Infants acquire respiratory tract infections 

through contact with parents, siblings and visitors. 

These older individuals acquire infections outside 

the home, at work, in school, at places of enter- 
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tainment etc., and then transmit the infections at 

home to other members of the household and of these 

the most susceptible are the youngest members. 

Prevention of admission of infection to the house - 

hold is, therefore, mainly a matter of the prevention 

of the transmission of infection among older indi- 

viduals outside the home. Where members of a 

1 household acquire an infection they should ideally 

j be isolated and given prompt treatment. In 

practice this is not likely to be carried out except. 

in the case of illness sufficiently serious to 

require treatment in bed. This encourages isola- 

Ì tion and in such cases at least the infant may be 

kept in a different room from the patient. Isola- 

tion of healthy carriers is not practicable (except 

carriers of certain organisms such as C.diphtheriae)i 

but this is less important since these individuals 

usually carry fewer organisms and also disseminate 

them less owing to lack of coughing and sneezing. 

Other general points in the prevention of 

dissemination of infection of the household are the 

;efficient cleansing and ventilation and lighting of 

the house. Central heating would be a great asset 

because it would obviate the necessity of the whole 

family crowding round one fire, would encourage the 

use of other rooms in the house, and would also 

;encourage open windows. 
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Immunisation. 

The risk of acquiring a number of infectious 

diseases may be reduced by means of specific 

immunisation, either active or passive. As has 

already been mentioned the antibody response of the 

young infant to immunising procedures is very poor. 

In addition, it frequently possesses a passive 

immunity to many infections for the first few months 

of life. It may, however, be worth while attempt- 

ing immunisation at six months, especially where the 

risk of infection is particularly great. 

Apart from vaccination, the only form of active 

immunisation commonly carried out at present is that 

against diphtheria. As the incidence of diphtheria 

is low in the first year of life, immunisation 

against this infection is relatively unimportant at 

this period. Immunisation against whooping - cough 

has been attempted by many investigators especially 

in the United States and the results have, on the 

whole, been encouraging. The recent report of the 

Medical Research Council trials (1951) showed that 

immunisation could be very effective in reducing 

the incidence and severity of whooping cough but 

work continues on the most effective form of 

vaccine. Attempts have been made to immunise 

children against measles by inoculating the live 

virus attenuated by many passages through the chick 

embryo. This produces a mild attack of measles. 
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No serious cases have been reported. The proce- 

dure appears to have been effective in producing an 

immunity but it may prove to be dangerous in its 

present form, mainly because of the possibility of 

producing secondary cases and starting an epidemic 

with exaltation of the virulence of the virus 

(Maris, Rake, Stokes, Shaffer & O'Neil, 1943; Rake, 

1943; Stokes, O'Neil, Shaffer, Rake & Maris, 1943).. 

Vaccines against the influenza virus, prepared 

from chick embryo cultures, have been used in a 

number of large scale experiments (e.g. Martin & 

Eaton, 1941; Salk & Francis, 1946). The results 

suggest that some protection is conveyed for a 

short period but it is doubtful whether vaccines 

are sufficiently effective to make the procedure 

worth while as a general measure. The existence 

of different entigenic strains of the virus increases 

the difficulties. 

There is no early prospect of an effective 

method of immunising against streptococcal infec- 

tions. This is largely due to the great number of 

serological types of haemolytic streptococci and 

the fact that immunity to them is predominantly 

type- specific. The toxins produced by the various 

types of haemolytic streptococci are serologically 

identical and immunisation with such toxins may 

diminish the toxic effect of such infections, but 

will not prevent infection with the organism. This 
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is shown by the fact that a convalescent case of 

scarlet fever, although an antitoxic immunity has 

been developed, may still develop a secondary infec- 

tion with a different type of haemolytic strepto- 

coccus. Evans (1941, 1943) has shown that a number 

of the types of haemolytic streptococci may be 

grouped together on the grounds of their producing a 

cross -immunity to one another. If this is confirmed, 

it raises the possibility that immunisation with 

certain types would produce immunity to the whole 

range. Some workers have also produced evidence 

that in mice immunity to various strains of haemo- 

lytic streptococci can be conferred by the use of a 

;rough variant of a virulent streptococcus (Boroff 

& Lackman, 1940; Spicer & Bloom, 1938). 

There is, in the case of the pneumococci, some 

experimental evidence that it may be possible to 

produce a species -immunity (Tillett, 1928 a, b; 

Julianelli, 1930; Street, 1942) but no evidence that 

it can be produced in the human is available. 

Immunisation has been effected by intranasal vaccina- 

tion (Cannon & Welsh, 1937) and by the oral admini- 

stration of pneumococcal vaccine (Ross, 1934). There 

is a certain limited field in which type- specific 

vaccination with either nneumococci or streptococci 

may be useful, namely in controlling an epidemic in 

an institution or small community. Or if the 

prevalent types are known, routine immunisation of 
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infants in institutions might be carried out (Jones, 

1926). However the readiness with which anti7totics' 

can control pneumococcal and streptococcal infec- 

tions has discouraged further work on the specific 

prevention of these infections. 

In view of the poor response of the infant to 

antigenic stimulation, the production of a passive 

immunity may be more feasible in certain circum- 

stances. This may be done by carrying out an 

active immunisation of the mother in the last half 

of pregnancy. This has been done in the case of 

diphtheria and whooping -cough and has been shown to 

Produce a definite increase in antibodies in the 

infant (Cohen & Scadron, 1943). Immunisation by 

this method should prolong the period of effective 

immunity in the child and help to tide it over the 

most susceptible period of its life but it may 

inhibit the development of active immunity after 

immunisation with specific antigens. 

Passive immunity may also be conferred after 

birth by injection of the gamma- globulin fraction of 

normal adult serum (Stokes, Maris & Gell.is, 1944; 

Sweet & Hickman, 1946). Convalescent serum is also 

effective but parental serum is usually the most 

readily available (Bundeson, Fishbein, Abrams and 

Miller, 1949; Goldstein, Eisenoff & Blaunert, 1937). 

One or other of these may be used for immunising 

infant contacts of measles. Even when measles is 

not prevented, the disease may be modified and an 
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active immunity follows. Karelitz & Schick (1935) 

point out that protection produced in infants in 

instutions tends to be greater than at home since 

the degree of exposure at home is usually greater. 

The efficacy of serum is less certain in the case of 

whooping -cough but is worth using in the case of. 

infants. The passive immunisation with adult serum 

of all patients admitted to a children's ward has 

also been carried out and favourable results report- 

ed (Barenberg, Levy, Greenstein & Greenberg, 1942; 

Fischer & Hanel 1939). 

Chemoprophylaxis. 

The antibiotics and sulphonamides apart from 

being now the most effective agents in the treatment 

of infection have also been used in the prophylaxis 

of infections and the treatment of healthycarriers. 

Because of their low toxicity it may be safe to give 

these drugs over a prolonged period provided the 

dose is carefully controlled and there is adequate 

supervision of the patients. Small doses of sul- 

phonamides have been given for instance to children 

to prevent relapses of rheumatism (Rubbo, Holmes & 

Stokes, 1949). Where a group of children were 

infected with haemolytic streptococci (some with 

sore throats, others healthy carriers) giving 

penicillin for 5 - 6 days to all with positive 

throats cut short the epidemic (Bjorkelunde, 1949) 

and penicillin treatment of a chronic skin carrier 
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of streptococci has been shown to result in a marked 

fall in the streptococci in his environment and a 

reduction of the streptoccal sore throats occurring 

in his contacts (Loosli et al., 1950). 

The role of chemoprophylaxis in.the neonatal 

period is not yet finally defined. Both sulphon- 

amides and penicillin cross the placental barrier 

so that if given to the mother in cases of diffi- 

cult labour they should reduce the risk of infec- 

tion, not only to the mother, but also to the 

infant. There are, however, experimental grounds 

for suspecting that prolonged administration of 

sulphonamides during pregnancy may be harmful to 

the development of the foetus (Speert, 1940). 

Chemoprophylaxis may be considered where an epidemic 

threatens a ward; for example, in an epidemic of 

neonatal impetigo, penicillin may be given in the 

feeds or as an ointment and used in the local 

treatment of adult nasal carriers of pathogenic 

staphylococci. Sulphonamides , chloromycetin or 

streptomycin may be used to control epidemics of 

intestinal infection and also to prevent bacterial 

infection complicating virus infections of the 

respiratory tract. 

Some writers have reported the use of anti- 

bioties as prophylactics against infection in the 

neonatal period, for instance Martrou (1947)advo- 

cated giving prophylactic penicillin routinely to 
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premature or weakly infants and claimed a fall in 

mortality of 80 - 90% in this type of infant. 

Novak (1948) treated with penicillin all infants 

where there was thought to be a risk of pneumonia 

or when the membranes ruptured more than 18 hours 

before delivery. He claimed to have produced in 

this way a considerable fall in the mortality of his 

new -borns. 

Because a high proportion of the strains of 

Staph. aureus isolated from hospital patients or 

staff are now penicillin- resistant it is doubtful 

whether penicillin should now be given prophylacti- 

cally, as infection in the new -born is frequently 

staphylococcal or due to penicillin- resistant gram- 

negative bacilli. Probably chloromycetin or 

aureomycin would be more appropriate but the 

expense of these antibiotics is a drawback. Strep- 

tomycin produces resistant strains so readily that 

probably it should not be used for prophylaxis. 

SUMMARY. 

The infant may acquire infection from the 

mother during the course of its intra- uterine life. 

This may clear up completely, produce permanent 

defect, or lead to interruption of pregnancy. During 

labour the infant may become infected via the 

placenta, by aspiration of infected amniotic fluid 

or by contact with an infected cervix or vagina. 

Intra -natal infection is more likely to occur in 



cases of induced, prolonged or dry labour, and where 

the infant is threatened with asphyxia. As a result 

of the intra -natal infection the infant may be born 

dead or die within a few days, often with no defin- 

ite symptoms. 

The original flora of the infant is derived 

from the vagina but this is rapidly replaced by 

organisms acquired directly or indirectly from other 

infants and the nursing staff in addition to the 

mother. Pneumococci and haemolytic streptococci 

may be isolated in small numbers from the naso- 

pharynx of the new -born but these appear normally to 

produce no symptoms and to have difficulty in 

establishing themselves. The flora of the intes- 

tine is dependent mainly on whether the infant is 

breast -fed or fed artificially. At the age of 

6 - 12 months the flora of the infant is similar to 

that of the adult. 

The special characters of infections in infancy 

are mainly determined by the immunological state of 

the infant. Many infections are rare in the first 

few months owing to a passive immunity acquired from 

the mother. As this immunity passes off the infant 

becomes highly susceptible to most infections. This 

is partly due to the immaturity of the tissues, 

which are less able to prevent organisms penetrating 

the body, less able to deal with them when they have 

entered, and whose antibody -producing mechanisms 

respond poorly in the face of bacterial invasion, 
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and partly to insufficient contact with pathogens. 

As a result of this susceptibility infections tend 

to generalise, to have a high mortality and produce 

a more prolonged illness if death does not occur. 

As a result of this tendency to generalise, and the 

failure of the tissues to react markedly to invasion,; 

diagnosis of many infantile infections is difficult 

and often inaccurate, so that morbidity and mortal- 

ity statistics tend to be unreliable unless support- 

ed by autopsies and bacteriological examinations. 

In the first month or two of life, Bact. coli 

and staphylococcal infections are more important 

than at any later period. This is due probably to 

a lack of passive immunity to these infections in 

addition to the general susceptibility of the infant 

at this time to penetration by relatively non- 

pathogenic organisms. The most important infec- 

tions are those of the respiratory and alimentary 

tract, and are responsible for most of the deaths 

from infection. Respiratory infections may be due 

largely to the cold virus, and the more serious ones 

to a secondary infection with bacterial pathogens. 

,Broncho- pneumonia in infants is possibly due in many 

cases to a virus infection complicated by super - 

{added bacterial infection. Bacteria may also, 

;however, produce severe infections unaided by a 

1 

previous virus infection. Diarrhoea in infants may 

be due to feeding difficulties, parenteral infection 
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or to infection of the intestine. The aetiology of 

many intestinal infections is still uncertain but 

they may be produced by certain serological types of 

Bact, cola or non- lactose fermenting coliform 

bacilli which are of doubtful pathogenicity as far 

as older age groups are concerned. It is uncertain 

what role viruses may play in producing diarrhoea, 

apart from producing diarrhoea through parenteral 

infection but they are probably concerned in some 

outbreaks. 

Apart from their special susceptibility to 

infection, infants run a greater risk of infection 

than adults because they come in such intimate con - 

tact with their attendants and because, being so 

small, it is easy to pack them more closely than is 

hygienically desirable. It is also possible that 

the development of organisms in this highly suscept- 

ible age group tends to exalt the virulence of the 

:organisms and therefore make still more dangerous 

the spread of infection through a nursery. 

Prevention of cross -infection in hospitals must 

depend on the most complete control of transmission 

on making the fullest use of recent knowledge of 

cubicle nursing, air disinfection, chemoprophylaxis 

with the sulphonamides and antibiotics, and passive 

immunisation with adult serum or gamma -globulin. 

Sufficient permanent trained nursing staff is also 

essential. Prevention in the home depends mainly 

on the prevention of overcrowding, the education of 
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the parents in the care of infants, and the provision 

of an optimum diet for mother and child, both before 

and after birth. 
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PART II 

STUDIES ON THE 
EPIDEMIOLOGY OF STAPHYLOCOCCAL INFECTIONS IN EARLY 

INFANCY. 

REVIEW 

In the first few weeks of life staphylococci 

probably play a greater part in the production of 

1 infections than at any later period. A greater 

proportion of cases of meningitis (Craig, 1936) or 

pneumonia (Menten, Bailey & De Bone, 1932; Cohen, 

1938) for instance are due at this time to the 

staphylococcus than at any later period and the 

milder infections such as conjunctivitis, naso- 

pharyngeal infections, or pustular lesions of the 

skin, are also generally recognised to be extremely 

common (Cass, 1940 b). Moreover, as will be shown 

later, it is at this age especially that staphy- 

lococcal infections may take on epidemic form with 

a mortality which has in the past been at times very 

high. One may say in fact that in the nurseries of 

maternity hospitals the majority of trivial infec- 

tions are staphylococcal in origin, and that these 

infections are so common in even the best run 

nurseries that they may be expected to be present 

throughout most of the year. 

Staphylococcus aureus. The term, Staphylo- 

coccus aureus, is used throughout this thesis to 

denote a staphylococcus that gives a positive 

coagulase test and usually produces a colony of 
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varying shades of yellowish or golden colour. 

The term implies a staphylococcus that produces tox- 

ins and is at least potentially pathogenic. In the 

past it has been difficult to study the epidemiology 

of staphylococcal infections because,of the diffi- 

culty of being certain of the pathogenicity of 

strains of staphylococci isolated. The general 

acceptance of the coagulase test as an index of 

potential pathogenicity has largely solved this 

difficulty altnough the difficulty still exists of 

distinguishing pathogenic from non -pathogenic 

staphylococci where there is a mixture of colonies_ 

on a culture plate. Previous to the use of the 

coagulase test the most commonly used character for 

determining the pathogenicity of staphylococci was 

that of pigment production. Staphylococci produc- 

ing porcelain white colonies are almost always non - 

pathogenic but it can be shown by coagulase- testing 

and examining for the production of toxins that 

occasionally white staphylococci are toxigenic. 

The coagulase test provides a ready means of dis- 

tinguishing these atypical strains. 

Although a staphylococcus may be identified as 

pathogenic by means of the coagulase test, this test 

provides no information as to the degree of patho- 

genicity. As it is common to find these organisms 

associated, apparently harmlessly, with human beings,;; 
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it would be useful to be able to pick out those 

strains which were potentially the most dangerous. 

There is no adequate method of doing this at 

present. It has been shown, however, that certain 

serological types (Christie & Keogh,1940) and 

strains with the capacity of producing fibrinolysin 

(Maddison, 1935) may occur more commonly in severe 

infections than in mild superficial infections or 

in healthy persons. Strains might of course be 

tested for their capacity to produce the various 

staphylot oxins but the laboratory procedures 

involved exclude them from routine use. The same 

might also be said of tests involving animal 

inoculation. A further difficulty in the deter- 

mination of the degree of pathogenicity of a 

staphylococcus is that a strain may show variations 

in pathogenicity owing to changing conditions in 

its environment. Pathogenicity may for instance 

be diminished during subculture in the laboratory 

1 or increased through passage from individual to 

individual. 

Even when it is possible to determine the 

pathogenicity of staphylococci isolated from 

patients or their environment they occur so commonly; 

that it is impossible to determine whether two or 

more strains isolated are related to one another 

epidemiologically without some method of sub - 

dividing strains of Staph..aureus into types. 
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aQ 
Cowan (194 has aevised a system of serological 

typing and the subject has been further elaborated 

by Christie & Keagh (1940) and Hobbs (1948). 

This technique of typing is not easy and has at 

present been superseded by typing by means by 

bacteriophage (risk, 1942 a, b; risk & Mordvin., 

1944; Wilson & Atkinson, 1945; Williams & Rippon, 

1952). Tnis has proved more valuable than sero- 

logical typing because it is technically easier and 

it is possible by means of it to demonstrate a very 

large number of types. by means of this technique 

as will be shown later, useful epidemiological 

studies can be carried out that would otherwise have 

É 

been impossible. 

Resistance. Resistance to staphylococcal 

infection in infants is low and this is largely the 

cause of its high incidence even among healthy 

breat -fed infants. Trauma to the skin is known to 

predispose to skin infection. This may be pro- 

duced during labour, especially if this is prolonged 

or assisted with instruments. Rough handling, 

irritant clothing or washing materials may also pre- 

dispose. Nevertheless lesions commonly occur with- 

out any evidence of predisposing factors. 

It is generally agreed that the infant is born 

equipped with humoral antibodies derived from the 

maternal circulation, and that these play a part in 
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1 protecting the infant against various infections in 

the first few months of its existence. The infant 

has been found to possess at birth about the same 

amount of staphylococcal antitoxin as its mother 

(Murray, 1935; Nelis & Poncelet, 1935; Bryce & 

Burnet, 1932), but this is evidently of small value 

in producing an effective immunity. Experimental 

work on staphylococcal immunity suggests that 

although antitoxins may confer a partial immunity on 

an animal, its effect is largely to enable it to 

deal with a systemic infection (Smith, 1937). It 

appears unable to prevent the organisms from produc- 

ing local lesions. Immunity to infection is, how - 

ever, generally regarded as due more to the produc- 

tion of anti -toxin than to the production of anti- 

bodies to the organism itself. 

Burky (1ß33) found that young rabbits were 

insusceptible to the lethal action of staphylococcal, 

toxin and that parallel with this the skin did not 

react to the toxin. There is clinical support for 

the possibility of this applying to infants in that 

it has been remarked that staphylococcal infections 

frequently appear to produce little or no systemic 

upset such as pyrexia or loss of weight (Dilliehunt,¡ 

1935; Cass, 1940 a.). The first indication of the 

presence of osteomyelitis may be the occurrence of 

an inflammatory swelling in an otherwise healthy 

infant and the disease may progress without serious 
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'impairment of the infant's health. These results 

may of course also be interpreted as an indication 

of a passive immunity derived from the maternal 

antitoxins. 

It has been shown that infants produce a 

'negative intradermal reaction to staphylococcal toxin 
1 

1whereas adults mainly give a positive reaction 

(Kobak & Pilot, 1931). This may be due to the 

;inability of the skin to react, since the same 

phenomena may occur with the Schick or Dick tests, 

,where it is found that negative results may occur in 

infants even when antitoxin is absent from the blood 

(Lotholtz & Kuttner, 1934). It may be that positive 

reactions only appear when the infant has been 

;previously exposed to the organism, which produces 

an increased sensitivity to the organism and this 

demonstrates itself in a more marked reaction to the 

toxin, severer local reactions and less tendency to 

generalise. Something like this is found to occur 

;experimentally, in that animals previously immunised 

by repeated intradermal injections of staphylococci 

''finally produce less marked lesions with large 

infecting doses, but the minimum dose required to 

produce a lesion is smaller (Panton & Valentine, 

1929). There is in fact a partial immunity 

combined with hypersensitivity. It has been found 

that guinea -pigs infected in the nose and throat 

with staphylococci develop antitoxin (Ramon, 



1Richou & Gouritchitch, 1936). It seems possible 

that contact of the infant's mucous membranes with 

staphylococci over a period of time may similarly 

increase resistance to manifest infection even in 

,the absence of lesions. The tissues. in the normal 

!process of growth may also develop a greater degree 

of resistance. 

The skin has been shown to have a well marked 

;bactericidal action on many organisms. How effec- 

tive this is in the young infant does not appear to 

have been determined. Staphylococci are resistant 

to this action but the pathogenic staphylococci 

appear to be affected to some extent. When the 

skin is inoculated with a culture of Staph. aureus 

the organisms diminish rapidly but may not completely¡ 

disappear (Arnold, Gustafson, Montgomery, Hall & 

Singer, 1930), and the fact that skin carriers are 

relatively uncommon suggests that the organisms 

cannot readily maintain themselves on the skin. 

It is quite clear, however, that active lesions 

develop in infants with great ease at the site of 

small injuries, such as abrasions from forceps, 

pricks for drawing blood, etc. 

Sources of Infection. In studying the epi- 

demiology of staphylococcal infections in infancy 

the first consideration is the source of the infec- 

tion. The staphylococcus responsible must have 

come originally from some other individual. This 

must have been either the mother, the nursing or 
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medical staff, or other infants. At home, visitors; 

and relatives would also have to be considered. 

The mother is the infant's first contact and 

must be considered first. Infection of the infant 

with staphylococci from the mother's blood via the 

placenta has been described (Laffont and Mele,1926) 

but this is probably very rare. There are records 

of infants having been born with pemphigus lesions 

and an epidemic is said to have been produced in 

this way (Reed, 1929). Dunham (1933) described 

eleven cases of staphylococcal neonatal septicaemia 

and in only two of these was labour normal. In 

the other cases the most conspicuous feature was 

the number of cases of premature rupture of the 

membranes. It seems fairly certain that both 

congenital septicaemia and congenital pemphigus may 

be ascribed in most cases to infection of the 

infant during birth after the rupture of the mem- 

branes. Whether these cases are infected from the 

mother or the attendants is however uncertain, but 

probably normally the attendants are the source of 

the infection. 

Normally an infant first meets pathogenic 

staphylococci shortly after birth, either from the 

attendants who handle it in the labour -ward, from 

the nurses in the nursery, from the mother or 
from 

visitors. Probably the other infants in the 
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nursery are the most important source of infection 

although the infection will usually not occur 

through direct contact but through the mediation of 

dust, linen, instruments, ointment, nurses' hands, 

etc. In every case, however, the staphylococcus 

must be regarded as having come in the first place 

from human beings and in their absence the general 

surroundings may be regarded, for all practical 

purposes, as free from the organism. 

The frequency with which infants become infect- 

ed with these organisms must be ascribed in part to 

the ubiquity of the organism. Recent work on the 

incidence of the pathogenic staphylococcus has 

shown that a considerable proportion of adults (say 

40 - 60%) are nasal carriers (e.g. Hallman, 1937; 

MacFarlan,1938; Williams & Clayton- Cooper, 1945); 

Devenish and Miles for instance (1939) found 18 out 

of 24 attendants in an operating theatre to be nasal) 

carriers. It is important to note that children 

and individuals with staphylococcal skin lesions 

have a much higher nasal carrier rate than other 

persons. Individuals may also carry the organism 

on the skin (e.g. Gillespie, Devenish & Cowan, 1939; 

Vierthaler, 1940). This may be mechanical carriage; 

('superficial carriage') from accidental contact 

with objects or individuals. This type of infec- 

tion is transitory and the organisms may be removed 

from the skin by efficient cleansing methods. 
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Probably a less common type of skin carrier, perhaps¡ 

5 per cent of adults, are 'deep' carriers. Such 

individuals carry the organisms in the layers of thel 

skin and the organisms cannot be removed even by 

conscientious scrubbing; moreover, such people 

carry the organisms for long periods, this being 

usually accompanied by nasal carriage of the same 

type of staphylococcus. 

The mother may be a source of infection by 

another route. Apart from the possibility of her 

infecting the infant from her nose or skin, she may 

also do so through her milk. Pathogenic staphy- 

lococci are frequently present in the mother's milk 

but this appears to be mainly due to infection of 

the mother by the infant (Duncan & Walker, 1942). 

However staphylococci may also occur in the milk of 

'mothers who have not suckled their infants. 

Normally, ingestion of this infected milk produces 

no symptoms but mention might be made here of an 

interesting observation (Mellon, Caldwell & Winans, 

1925) that after feeding guinea -pigs a few days old 

with milk to which a culture of a staphylococcus 

from a case of pemphigus neonatorum had been added, 

a high proportion died of staphylococcal pneumonia. 

Recent work has shown that the infants in 

maternity hospital nurseries may be expected to show 

a high incidence of pathogenic staphylococci in the 

nose (e.g. Duncan & Walker, 1942; MacFarlan, 1942; 
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Cunliffe, 1949). This incidence rises from zero at 

birth to a figure that appears usually to be well 

over 50 per cent, and may approximate to 100 per 

cent. It is important also to remember that the 

faeces in many cases are also infected(Duncan & 

Walker, 1942; Martyn, 1949) and also the skin 

(Benians, 1943). The most important sources of 

infection, however, are those infants with slight 

superficial infections such as a few small pustules, 

a 'sticky'eye or 'sticky' umbilicus. Here the 

organism is multiplying most rapidly, is present in 

the greatest numbers, is more virulent and possibly 

increasing in virulence. 

Dread of infection. Epidemic or endemic 

staphylococcal infections in young infants have been 

described mainly in connection with babies in 

maternity hospitals. There has been little syste- 

matic study of infections as they occur in the home, 

but the literature contains reference to epidemics 

of pemphigus neonatorum occurring among the infants 

in the charge of a particular midwife which cease 

when the midwife is replaced (Collins & Campbell, 

1929). Some of these cases may be due to the mid- 

wife acting as a mechanical carrier of the organism 

but others may have been due to the midwife acting 

as a true staphylococcal carrier. 

As staphylococcal infections are predominantly 

superficial and the organism is fairly resistant 
to 
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drying etc., it is to be expected that spread from 

individual to individual is either by direct contact 

or through the mediation of objects such as instru- 

ments, clothing, ointment, etc. or through infected 

dust to more distant parts of the room or building. 

It may be mentioned in this connection that 

laundries have been incriminated as sources of 

infection either because the processes used did not 

destroy the organism (Kinsman, 1943), or because 

linen was handled by infected personnel (Carter & 

Osborn, 1936). The air and dust may become infected 

through the shaking of the infected clothing, either 

of infants or of attendants. Infection may also 

!occur by ingestion of infected milk from the mother, 

the risk from which is to be regarded as more serious ! 

where the mother has mastitis. Nevertheless, 

infection must be regarded normally as coming from 

contact directly or indirectly with nurses, 

physicians, mothers, other infants or visitors. 

Under present conditions the majority of 

infants are infected with potentially pathogenic 

staphylococci by the time they leave the hospital. 

This is evidence that at present any methods of 

preventing the spread of contact infection are 

ineffective. Fortunately, the majority of the 

strainsappear to be of low virulence so that most 

infants remain healthy and a few suffer from trivial 

infections. It is clear, however, that these 
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(trivial infections may be the forerunners of serious 

'epidemics. Smith for instance (1935) describes a 

[small epidemic of staphylococcal pneumonia in which 

four infants developed pneumonia and died when about 

two weeks old. He notes that at this time there 

were a number of cases of nasal discharge or cough 

;among other infants in the nursery and septic skin 

lesions were unusually prevalent. Breast abscess 

also occurred in a number of mothers in the ward and 
{ 

healthy infants showed a high nasal carrier rate. 

Such epidemics give the impression that a strain of 

staphylococcus is increasing in virulence perhaps 

¡through rapid passage from individuals with active 

'lesions, leading up to a climax of fatal systemic 

infections. Superficial infections may be important 

not only because they may produce more serious lesions 

in other infants, but also because they may lead to 

systemic infection in the same infant. It is for 

instance not uncommon to find skin infections pre- 

ceding staphylococcal pneumonia or meningitis (Craig, 

1936). 

Associated with these epidemics may be the 

¡presence of infections in adult contacts. In some 

cases this is obviously due to infection from the 

infant. It is not uncommon to find in epidemics 
of 

pemphigus neonatorum nurses with similar lesions 
on 

their fingers, or they may have boils or paronychia 

(Benian & Jones, 1929; Brewer, 1937; Elliott, 

Gillespie & Holland, 1941; MacFarlan, 1942). 
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They are then of course very effective carriers of 

the infection unless promptly dealt with. Often 

the mothers also show an increased incidence of 

mastitis and may develop superficial lesions on the 

breast. In a number of epidemics, however, infec- 

tion in the nurse or mother has been shown to 

precede infection in the infant, and such an indi- 

vidual may at times be regarded as initiating the 

epidemic and helping to maintain it (Falls, 1927). 

Certain epidemics are relatively homogeneous 

clinically, the lesions in each patient tending to 

have the same characters. Epidemics of pemphigus 

neonatorum are of this type, so much so in fact that 

some writers have suggested that the disease is due 

to a particular type of staphylococcus. There is 

,very little evidence to support this view, however, 

apart from the clinical findings. Even in these 

epidemics conjunctivitis, paronychia, etc. may 

precede the epidemic or be associated with the 

typical lesions, and mastitis may occur in mothers. 

Epidemics of pemphigus have been found to occur not 

only in unhygienic nurseries but also in the best run 

institutions and they may persist in spite of all 

;efforts to eradicate them. Pemphigus appears to be 

every infectious, one case being followed rapidly by 

'several more cases, fresh cases sometimes continuing 

to occur until closure of the nursery. The severity 

of infection appears to vary considerably from 
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epidemic to epidemic, the mortality ranging from nil 

to 50 per cent. Epidemiological investigations 

have sometimes shown that a nurse has been the 

probable source of the epidemic, often a nurse with 

some septic lesion (Benians and Jones, 1929; Poole 

& Whittle, 1935). Mothers have also been strongly 

suspected. The recent development of serological 

and phage typing of staphylococci has made it possible' 

in a number of recent epidemics to relate infections 

in nurses to infection in the infants (Hobbs, 1944; 

Allison & Hobbs, 1947) thereby supporting the earlier 

findings that infected nurses were an important 

source of the infection. Typing of staphylococci 

has also emphasised the danger of nurses being 

healthy carriers. The work of Parker & Kennedy 

(1949) using phage- typing showed however that an 

epidemic of pemphigus could proceed with little or no 
1 

carriage of the infecting strain by the nurses. This 

in contrast to the experience of Allison & Hobbs 

(1947) who found in one epidemic that a "build up" of 

the infecting strain occurred among the nurses before 

pemphigus began in the infants. It seems probable 

that one or more nurses may initiate an epidemic, 

but that once begun it is transmitted mechanically 

from infant to infant and from infant to nurse. 

Although it is generally assumed that the infant is 

infected by contact, Stáph. aureus can be isolated 
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from the dust of the nurseries (Elliott, Gillespie 

& Holland, 1941; Allison & Hobbs, 1947), and Wallace 

and Duguid (1952), who found small numbers of St_ aph. 

aureus regularly in the air, regarded the risk of 

infection from inhalation and sedimentation of 

particles on the infant as not much less than that 

from contact. 

Prevention of Infection. It is not proposed 

to discuss here the whole problem of nursery hygiene 

Part I - Prevention) but rather to deal with 

those points which refer more specifically to staphy- 

lococcal infections. 

As infection enters the nursery from an adult 

in the first place methods are required for prevent -! 

ing transmission from adult carriers. In the 

absence of an epidemic it is of no value to identify ! 

and isolate carriers for they are too common to make 

it practicable; but when active infection is pre- 

valent an attempt should be made to find the adult 

source of the infection. This can be done most 

effectively where it is possible to type the staphy- 

lococci isolated from infants and adults, but failing 

this some indication as to the source of infection 

may occasionally be obtained by surveying contacts 

for septic skin lesions, and by carrying out nasal 

swabbing, attaching suspicion to any adult contact 

repeatedly giving a profuse growth of pathogenic 

staphylococci. Such adults should be transferred 
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if possible, or an attempt might be made to reduce 

the staphylococcal flora by the use of sulphathiazole 

snuff (Delafield & Straker, 1941; Delafield,Straker 

& Topley, 1941) or by local antibiotic treatment. 

Failing this the carrier must be instructed in a 

rigid hygiene regime to prevent the spread of the 

organism to the infants. 

The spread of infection from infant to infant 

must be prevented by the general precautions as 

regards handwashing etc., and especially by early 

isolation and treatment of all trivial infections, 

such as septic spots. As infections have been 

maintained in some hospitals through linen returning 

infected from the laundry, all blankets and linen, 

including infants' clothing, should be sterilised 

before use. 

As a result of the frequent epidemics of skin 

infections in maternity hospitals, two methods of 

dealing with the skin have been developed in an 

attempt to prevent these infections. Chadwell 

advocated replacing the bathing of the infant by an 

initial inunction with ammoniated mercury ointment 

followed by the use of sterile oil up to the time of 

leaving hospital (Chadwell, 1928). This method 

sometimes produces irritation of the skin from the 

action of the mercury, and it has been suggested that 

absorption might be harmful to the infant (Guy and 

Jacob, 1934; Ross, 1940). An alternative method 
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advocated has been that of leaving the skin untoucIrd 

except for removing the blood and vernix from the 

face (Sanford, 1937). Neither of these methods 

can be relied upon to prevent skin infections entire- 

ly but either are probably better than bathing, 

which is more liable to spread infection and also 

possibly to lower the resistance of the skin. The 

advantages of not treating the skin at all are that 

the risk of contact infection is much reduced, there 

is less risk of trauma to the skin, the infant is 

less exposed and, finally, there is a considerable 

saving of nursing time. This last is an important 

consideration in the prevention of cross -infection 

in hospitals, especially where there are special 

risks. 

Since the general adoption of the use of anti- 

biotics in the treatment of infection there has been 

some altering in the attitude to neonatal staphy- 

lococcal infections. The extreme sensitivity of the 

majority of staphylococci to penicillin has removed 1 

the anxiety often associated with the lesions produc- 

ed by them. It has also perhaps rather lessened the 

interest taken in their epidemiology. The question 

of the value of antibiotics in the prevention of 

infection has also to be considered. Could for 

instance all strains of Staph. aurevs in a neonatal 

nursery be completely eliminated by mass therapy 
of 

the infants and nurses ? No experiments on this are 

known to the writer but in view of the rise in 
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incidence of penicillin- resistant staphylococci in 

neonatal nurseries (Mart yn, 9 9; 1 4 Rountree & 

Barbour, 1950; Coventry & Isbister, 1951) it is 

probable that such experiments would be ill -advised. 

'Because penicillin- resistant strains are now common 

in neonatal nurseries the time may have come to 

consider the use of aureomycin or chloromycetin in 

the initial treatment of infections produced by 

;staphylococci until the laboratory reports the 

presence of a penicillin- sensitive strain: The 

treatment of nurses with penicillin who are carriers 

of Staph. aureus is a questionable procedure for 

this may eliminate sensitive strains and the nose 

may then be colonised with resistant ones. The 

use of chloromycetin or aureomycin, which are not 

followed by resistant strains so readily, might 

help in eliminating Stash. aureus carriers. An 

experiment along these lines might be worth trying. 

Reference may also be made to the possibility 

of attempting to immunise the infant against staphy- 

lococcal infections by inoculating the mother with 

vaccines and/or toxoid during pregnancy. It might 

also be possible to induce some immunity in the 

infant by inunction of the skin with an ointment 

containing staphylococcal toxoid. As however the 

infant has the adult level of antitoxin in the 
blood 

already it is doubtful if this would be valuable. 

It has been found that application of toxoid 
to the 
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skins of experimental animals induces a local immun- 

ity and may also increase the general immunity 

(Simtich & Mrchevitch, 1937). No work on this in 

infants has, however, so far been carried out. 
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PRESENT INVESTIGATIONS. 

The writer first began the study of the 

epidemiology of staphylococcal infections in the 

new -born towards the end of 1939. At the time 

little detailed work had been done on this subject 

which was full of difficulties because of the 

ubiquity of staphylococci and the consequent diffi- 

culties in determining the origin of a strain 

isolated from a lesion. Cowan (1939 a) had recent- 

ly published a paper on a serological method of 

typing Staph ,_aureus, but it was too early to judge 

! the value of this. 

At this time the only bacteriological type of 

work possible consisted of isolating strains of 

Staph. aureus from infants, nurses and mothers and 

determining their incidence. It might by this 

means have been possible to correlate the presence 

of Staph. aureus in the infant with its presence in 

the nurse or the mother. 

After studying Cowan's work the writer began 

preparing typing sera in an attempt to carry out a 

serological typing of the strains of Staph. áureus 

isolated. Work was held up by a number of tech- 

nical difficulties and while these were being solved 

Fisk's papers on the phage- typing of Staph. aureus 

appeared (1942 a, b). By Fisk's technique it 

seemed probable that Staph aureus could be sub- 
. 

divided into a very large number of types,the number; 
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being related to the number of typing phages that 

were used. Serological methods were therefore 

abandoned and the writer began preparing typing 

phages. This work was frequently interrupted by 

the demands of teaching and routine laboratory work 

and it was not until early in 1945 that a satis- 

factory series of phages were assembled ready for 

use in epidemiological work. Phage- typing was used 

as an aid in connection with two outbreaks of 

pemphigus neonatorum and also in the study of 

carriage of Staph. aureus in a nursery when there 

Iwas not an undue incidence of staphylococcal infec- 

tion. Although the work did not produce any 

particularly striking results it demonstrated the 

value of phage- typing as an epidemiological tool. 

At a later stage it was desired to study the 

degree of contamination of the infant's environment 

with Staph. aureus. As fomites, dust, etc. are 

contaminated largely with non -pathogenic staphy- 

lococci, which may include pigmented cocci resem- 

bling Staph. aureus and also sarcinae, sporing 

aerobic bacilli, diphtheroid bacilli and other 

micro -organisms it is usually difficult to pick out 

among them any scanty colonies of Staph. aureus and 

still more difficult to determine the number of 

colonies of Staph. aureus on the culture plate. 

Various selective media have been devised from 
time 

Cha man 
to time to overcome these difficulties (e.g. p 
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et ál., 1937; Beveridge, 1940; Chapman, 1946) but 

the writer has never been entirely satisfied with 

them. An attempt was therefore made to devise a 

medium that would suppress not only various kinds of 

organisms other than staphylococci but.also non- 

pathogenic staphylococci. With a good deal of 

difficulty a medium was finally prepared which at 

least partially solved this problem, although it is 

still rather early to say how valuable itwill prove 

in the hands of others. It has however improved 

the efficiency of isolating Stuh. aureus from 

heavily contaminated material. 

A high proportion of infants leave maternity 

hospitals carrying St h. aureus in their noses. 

It was decided to find out how long carriage of these 

organisms persisted and at the same time to determine 

the relation of carriage in the infant to carriage 

in the mother and to compare the incidence in 

hospital -born infants with that in infants born at 

home. Many of the strains isolated from these 

mothers and infants were also tested for penicillin 

sensitivity in view of the high proportion of 

resistant strains being isolated in many hospitals. 
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Clinical Material. 

Between the years 1939 and 1948 most of the 

field work was carried out in the units of the 

Simpson Memorial Maternity Pavilion of the Royal 

!Infirmary of Edinburgh, but during the latter part 

of this period some work was carried out in the 

!neonatal nurseries of the Western General Hospital 

Edinburgh. 

Between 1948 and 1952 most of the work was 

done with mothers and infants of five child welfare 

!clinics in Nottingham, but infants, mothers and 

staff in the maternity units of the City Hospital, 

Nottingham and in the Firs Annexe of the City 

Hospital were also examined. 

:Routine Methods. 

Specimens. 

Swabbing of noses was done with the ordinary 

throat swab, specially narrow ones being chosen for 

the infants. The swabs were usually moistened with 

sterile saline or broth, but when duplicate unmois- 

tened swabs were used in parallel there was found to 

be no appreciable difference in the results obtained. 

The swabs were normally inoculated to culture media 

within two hours of taking. There was never a 

delay of more than four or five hours. 

The part of the nose swabbed was the anterior 
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nares and adjacent part of the vestibule. The swab 

was not pushed back as far as the meatuses. 

Material from the hands of infants was cultured 

by allowing the infant to grasp a moistened swab and 

then rubbing the swab in and out of the clenched 

fist. 

At one stage dust was examined for Stauh.aureus: 

This was obtained by rubbing a large moistened throat 

swab over an area of floor about one foot in diameter; 

and then rubbing the swab over the whole of a Petri 

plete of culture medium. 

Culture media. 

As culturing for staphylococci was carried out 

over a period of about twelve years there was 

inevitably some fluctuation in the type of medium 

used for isolating Stágh. aureus. As however the 

isolation of Staph. aureus from the nose etc. is a 

fairly easy matter the exact type of medium did not 

prove to be important so long as it was used with 

scare. Some media were more useful because the 

colonies of Staph. aureus were more distinctive on 

them. At times two types of media were used in 

parallel in order to compare them. The following 

media have been used - (1) Horse -blood agar. This 

was used mainly early on but it was the least satis- 

factory of the media as the differentiation between 

Sta h aureus and Sta h, albus was not good. 
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(2) Brom - thymol -blue agar and phenol -red mannite 

agar (Chapman, Lieb, Berens & Curcio, 1937; Chapman, 

1945). These media were useful for isolating 

St,anh aureus but it was doubtful whether they were 

sufficiently valuable to be made up specially. 

(3) Milk -agar. This medium which was a nutrient 

agar containing 30% sterile milk, was excellent for 

showing early the characteristic pigmentation of 

Staph. aureus colonies. (4) Digest agar. A simplé 

tryptic digest agar was found as useful as any of 

the complex media for isolating Stáph. aureus from 

the body. It grew the organism well and if 

incubated for 48 hours the pigmentation was often 

distinct. With all media the most certain results 

were obtained by leaving the plates for some days 

at room temperature, when pigmentation gradually 

increased. After examining the plates after 48 

hours incubation the negative plates were put aside 

for about a week and re- examined for any pigmented 

colonies that might have been missed. (5) A 

tellurite agar. This medium was devised by the 

writer as a medium for selectively isolating Staph., 

aureus from heavily contaminated material. Parti- 

culars of this medium will be given later. 

Although the same medium was not used through- 

out the investigation it was not thought that this 

would have led to any significant error in the 
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results, as the various media were all very effective 

and gave satisfactory results. 

Coagulase Test. The identity of strains of 

Stash. aureus was confirmed by the coagulase -test. 

This was carried out by the slide technique 

(Cadness- Graves, Williams, Harper & Miles, 1943) 

or by the tube technique, incubating a large loop - 

ful of a streak culture of the organism to a 1 /10 

dilution of rabbit -plasma in sterile broth, 

incubating in a 37° C water -bath and examining at 

3 hours and 24 hours for clot formation. Strains 

doubtful by slide tests were re- tested by the tube 

method. 

Phme- typing,_, The methods used are described 

later. In the last part of the investigation (done 

in Nottingham) strains of Stun.. aureus were phage- 

typed by the Staphylococcal Reference Laboratory. 

Pencillin sensitivity tests. A speck of growth 

from a colony of Staph.aureus was streaked radially 

from a disc of filter paper containing 1.5 units of 

penicillin (Fairbrother & Martyn, 1951). The 

Oxford staphylococcus was used as a control. The 

method was checked by streaking any staphylococci 

,giving doubtful results across an agar plate contain- 

ing a ditch of 10 units penicillin per ml. agar and 

sometimes by testing the organism in serial dilutions' 

of penicillin in broth. 
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SECTION I: PHAGE- TYPING OF STAPH. AUREUS IN THE 
STUDY OF THE EPIDEMIOLOGY OF STAPHY- 
LOCOCCAL INFECTIONS OF THE NEW -BORN. 

Technique of phage- typing. 

Fisk (1942 a, b) found that if broth cultures 

of strains of Staáh. aureus were streaked out on an 

agar plate and then loopfuls of the different 

cultures were spotted along each dried streak, areas 

of lysis appeared after incubation with certain 

combinations of staphylococci. This was found to 

be due to one member of the combination carrying a 

phage and the other member being sensitive to it. 

Fisk was able to isolate these phages and propagate 

them on sensitive strains of staphylococci. When 

these different phages were tested against a number 

of different strains of Staph. aureus great varia- 

tion in the sensitivity of the staphylocci to the 

phage was found, different staphylococci showing 

sensitivity to different phages. Because of the 

large numbers of different types of Staph. aureus 

that could be demonstrated in this way it was hoped 

that the method would prove as valuable in epi- 

demiological work as the serological method of typing 

streptocci or pneunococci, or the phage- typing of 

Salm.. bvphi. 

The writer has followed in the main Fisk's 

methods for preparing phages for typing but the 

details of technique have been worked out indepen- 

dently. 
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Preparation of phages for typing Stath. aureus. 

The phages required, carried symbiotically by 

strains of Staaph. aureus, were demonstrated by the 

following technique. 

A random selection of strains of Stuh. aureus 

isolated from unrelated sources were inoculated into. 

nutrient broth and incubated overnight. The broth! 

cultures were then streaked out over well dried 

nutrient agar plates in parallel streaks and the 

streaks allowed to dry. A loopful of each broth 

culture was then 'spotted' on to each streak,. so 

that each streak carried a row of spots from all the 

cultures. The plates were then incubated at 37 °C 

for 4 -6 hours and left at room temperature over- 

night. 

Examination of the cultures showed the streaks 

of growth with the rows of superimposed spots along 

them showing as opaque discs. Certain spots might 

however show different appearances. There might be 

a clear line surrounding the disc of growth or the 

disc might be replaced by a completely clear area. 

The disc might be very much less opaque than normal 

or the disc of growth might be perforated with 
a 

varying number of small clear areas, usually no 

larger than a pin prick. Sometimes leaving the 

cultures another day showed more lysed areas. 

Any of these appearances could be regarded 
as 
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evidence of phage action, and as an indication that 

one of the staphylococci involved was a phage- 

carrier and that the other one was sensitive to it. 

Table 1 (page 135) shows the results obtained with 

the first eleven strains tested in this way. It 

can be seen for instance that there is evidence of 

phage action in the combinations of staphs. 1 and 2, 

and 1 and 3. It is not possible by inspection to 

determine which member of the combination is the 

phage- carrier and which is the sensitive strain. 

The determination of this point was done by 

;spreading out a few drops of a broth culture of each 

staphylococcus separately on an agar plate and while 

still moist inoculating each with a straight wire 

that had touched the lysed spot produced by the two 

cultures growing together. After incubating at 

37 °C for 4 - 6 hours and leaving at room -temperature 

overnight one of the cultures showed a lysed area. 

This was therefore the sensitive member of the pair 

and the other culture the carrier. 

The phage thus demonstrated was subcultured on 

the sensitive staphylococcus a number of times to 

ensure its purity. This was done by spreading out 

the propagating (sensitive) staphylococcus over part 

of a nutrient agar plate and while still moist 

plating out on it, by the usual technique used in 

bacteriology for giving individual colonies, the 
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TABU, 1. 

Results of tspottiut 11 broth cultures on a7ar streak 

cultures of the =2e organisms and _1C .'batil"iF, _+.'iCii','F. 4 hours 

at 37°C. 

Staph. cultures spotted. 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 

( 1. 0 ++++ 0 0 0 0 0 0 C 0 

( 
( 2. ++ 0 0 0 0 0 0 C 0 + + ++ 
( 
( 3. +++ 0 0 0 0 0 0 0 0 +++ +++ 
( 
( 4. o o o 0 0 o o 0 0 0 o 
( 

Staph. ( 5. 0 0 0 0 0 0 + 0 + 0 0 

( 
cultures ( 6. 0 0 0 0 0 0 0 0 0 0 0 

( 
streaked ( 7. 0 0 0 0 0 0 0 0 0 0 0 

( 
($. 0 0 0 0 0 0 0 0 0 0 0 

( 

( 9. 0 0 0 0 ? 0 ? 0 0 0 0 

( 
(10. 0 ? ++ 0 0 0 0 0 0 0 0 

( 
(11. 0 + x 0 0 ? 0 0 + 0 0 

= a few plaques 

++ = numerous individual plaques 

+ ++ = complete lysis 

X = partial clearing 
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phage from a lysed area on another culture plate. 

After incubating in the usual way individual plaques 

were apparent on parts of the plate. One of these 

was touched with a straight wire and streaked out 

as before on the propagating strain. This process 

was repeated about five times and the phage then 

presumed to be pure. 

For typing purposes it was necessary to obtain 

as concentrated a suspension of phage as possible. 

This was the most difficult part of the procedure. 

It is simple to obtain for example suspensions of 

coli -phage because multiplication of the phage 

occurs readily in broth cultures of Bact.coli, which 

yield a high titre of phage after filtration. 

Staphylococcal phages however do not multiply to the 

same extent in broth and solid medium therefore has 

to be used. Agar plates were flooded with the 

propagating strains and the excess culture pipetted 

off. A lysed area from a previous plate was sus- 

pended in a little broth and flooded over the plates 

inoculated with the staphylococcus. After the 

usual incubation the plates appeáred largely lysed. 

They were then flooded with about 5 ml. of sterile 

broth and the whole agar surface thoroughly scraped 

with a large loop to remove as far as possible all 

remaining staphylococci and debris along with the 

phage present. The suspension was then taken up in 
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a pipette.removed to a centrifuge tube and centri- 

fuged. The supernatant fluid was sterilised by 

filtration through a Seitz or Chamberland filter. 

Usually some of the supernatant fluid was saved 

without filtration in case the phage after filtra- 

tion was of too low a titre. It could then be used 

for the preparation of further phage suspensions. 

It was found that passage through the filter often 

resulted in such a reduction in titre that when the 

filtrate was spotted on the propagating strain 

either no plaques or only a few discreet ones 

appeared. Repeated attempts were often necessary 

before a filtrate could be obtained which gave 

confluent lysis. Later in the investigation it was 

found that the filtrate could be enriched by adding a 

loopful of the propagating strain to the filtrate 

and then incubating it in the standard way and 

filtering. 

By using the above methods it was possible 

gradually to build up a collection of phages which 

at one time numbered between 20 and 30. As it was 

difficult to maintain some of these and as the 

filtrates were often left unused for weeks or months 

at a time phages were not uncommonly lost and had to 

be replaced with freshly isolated ones. 
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Testier of phage filtrates. 

The routine method for testing the activity of 

phages or the sensitivity of strains of staphylo- 

cocci was to streak out an 18 - 24 hr. culture of 

the staphylococcus on a nutrient agar plate, allow 

the streak to dry and then inoculate a loopful of 

the phage filtrate on to a point on the streak. 

The preparation was then incubated at 37 °C for four 

hours and left at room -temperature over night and 

examined for e idence of lysis. 

Results with_plaKes. 

When the phage filtrates were tested against 

the propagating strains some phages were found very 

difficult to produce in such a concentration that 

they produced confluent lysis. However by repeated 

propagation and refiltration most phages were even- 

tually obtained at a concentration that gave conflu- 

ent lysis. 

The great majority of phages isolated were very 

selective, not lysing most staphylococci but lysing 

certain strains. Even where strains of staphylococcil 

were sensitive variations occurred in the amount of 

lysis produced. A phage filtrate might for instance! 

cause complete lysis of one strain, produce large 

numbers of individual plaques with another strain 

and possibly only one or two plaques with a third 

strain. In Table 2 (page 139) can be seen the 
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TABLE 2. 

Action of 5 ha e filtrates on 12 strains of Staph. aureus 

(unselected) 

Phages isolated from strains of Staph. aureus. 

Strain of 
S 5 

0 

0 

± 

S 6 S 11 

± 0 

+ a 

0 0 

S 12 

0 

o 

0 

S 28 

o 

0 

Staph. aureus 
tested. 

S l 

S5 

S7 
S 9 * ++ +++ 0 0 

S10 0 0 0 0 0 

S11 0 0 0 0 0 

S12 0 ++ 0 0 ++ 

S13 0 ++ 0 ± ++ 

S14 0 ++ 0 ± + 

S15 0 ++ 0 0 0 

S17 0 ++ 0 ± +++ 

S20 0 +++ 0 0 0 

0-17 no lysis- * = a few plaques, 

4.-= numerous discreet plaques, 

+ += serniconfluent lysis, 4-4-1-= confluent lysis. 
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action of five phages on twelve strains of StáRh_ 

aureus. Phage isolated from S6 for example 

produced only a few plaques on staphs. S1 and S5 but 

semi - confluent or complete lysis on S9, S12, S14, 

S15, S17 & S20. The table also illustrates the 

variety of reactions that can occur between a group 

f phages and.a group of staphylococci. 

The action of the phages on strains of staphy- 

lococci was dependent on the titre of the phage, as 

the higher the titre not only the more marked the 

amount of lysis but also the wider the range of 

;strains liable to be attacked. Table 3 (page 141) 

;shows the result of testing two phages against three 

staphylococci in a series of dilutions. These 

`results show that if strains are to be compared they 

!must either be acted on, preferably simultaneously, 

by the same phage preparations or by phage prepara- 

tions of standardised titre. The standardisation 

is essential when a staphylococcus tested at one 

time is to be compared with another tested months 

later. The method of standardisation eventually 

adopted was that used by Wilson & Atkinson (1945) 

and consisted of using filtrates diluted down to the 

weakest concentration that would give confluent lysis 

on the propagating strain by the technique routinely 

used. Although the earliest epidemiological work 

with these phages was done with unstandardised 
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TABLE 3. 

Effect of dilution on phage activity against 3 strains of 

Staph. aureus. 

dilutions of phage 12. 

Strains of 

undiluted 10 -1 1072 1073 1074 1075 

Staph.aureus 

S 9 ++ 0 0 0 0 0 

S 12 +++ +++ ++ 0 0 0 

S 24 +++ +++ +++ ++ + ++ 

dilutions of phage 11. 

S 5 ++ 0 0 0 0 0 

S 9 + +4 + ++ + ++ ++ + + 

S 11 + ++ + ++ +4 + 0 0 
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preparations, as these were used solely for compar- 

ing strains isolated within a few days of each other 

and were put up in large batches the results can be 

regarded as reliable. In later work standardised 

phages were used. 

Phage-typing, in investigations in neonatal nurséries 

I. Pemphigus in Unit A. 

By the end of 1944 a number of typing phages 

had been prepared. They were first used in connec- 

tion with an outbreak of pemphigus neonatorium in 

a maternity hospital nursery (Unit A). It was hoped 

that it would be possible to determine whether the 

strains of Staph. aureus isolated from the lesions 

were all the same type and whether there were one or 

more nurses nasal carriers of the same type. If 

this had been so isolation of the nurse might 

perhaps have assisted in terminating the outbreak. 

Swabs from the lesions of five babies with 

pemphigus yielded strains of Staph. aureus all of 

which gave the same phage reactions. Swabs from 

the noses of ten of the eighteen nurses in the unit 

were positive for Staph. aureus. One of the 

positive nurses carried a strain with the same phage 

reactions as the pemphigus strain. Four of the 

strains from the other nine nurses did not react 

with any phage, two gave the same reaction and three' 

others all gave different reactions. One of the 
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nurses with an untypable nasal strain carried a 

strain on her hand giving reactions similar to but 

not identical with that in anöther nurse's nose. 

Another nurse carried a type on her hand differing 

from that in her nose but giving very similar 

reactions to the nasal strains in the two nurses 

with a common type. One of these two nurses 

carried a hand strain of the same type as the one 

in her nose. Staph. aureus was not isolated from 

the hands of any nurse with a negative nose. A 

doctor in charge of the infants yielded one colony 

of Staph. aureus of the pemphigus type. Table 4 

(page 144) sets out the phage- typing results 

,obtained. 

This investigation was of course not an ade- 

quate one for obtaining useful information on the 

epidemiology of pemphigus but it was useful as a 

preliminary trial of the use of phage -typing methods.. 

II. Phage -typing in a maternity Hospital n.ursery in 
the absence of epidemic staphylococcal infection; 

(Unit B.) 

In September 1945' an attempt was made to study 

nasal carriage of Staph. aureus in new -born infants 

by means of phage typing. It was hoped to ascertain 

the incidence of different strains of Staph. aureus, 

'whether strains persisted in the nursery in spite of 

a rapid turn -over of infants and also possibly to 

determine the relationship of Staph. aureus in the 

infant to Staph. aureus in the nurses'noses and in 
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TABLE 4. 

Phage _ patterns of trains of Staph. aureus from nurses 

and infants in a Maternity Hospital Outbreak of pemphigus. 

phage strains. 

Subject Source 5 9 11 12/24 23 28 44 48 72 82/79 
of 

Staph. 

aureus 

Baby pemphigus 0 0 0 0 x 0 0 0 0 0 

8440 lesion 

8500 

8509 

8557 

8561 

O 0 0 0 x 0 0 0 0 0 

"0 0 0 0 x 0 0 0 0 0 

O 0 0 0 x 0 0 0 0 0 

O 0 0 0 x 0 0 0 0 0 

Doctor nose 0 0 0 0 x 0 0 0 0 0 

(l colony) 

Nurse 12 nose 0 0 0 0 x 0 0 0 0 0 

" 4 nose 0 0 x x x x x 0 0 0 

II 6 nose + 0 0 0 x 0 0 + 0 0 

" 6 skin ± 0 0 ++ x ++ 0 0 0 ± 

" 10 nose 0 0 0 0 x 0 0 + ++ 0 0 

" 15 nose 0 0 0 + ++ x ++ 0 0 0 0 

" 15 skin 0 0 0 ++ x ++ 0 0 0 0 

" 17 skin 0 0 x 0 x x x 0 0 0 

" 18 nose 0 0 0 + ++ x +++ 0 0 0 0 

8 nose 

8 skin 

" 11 nose 

" 16 nose 

" 17 nose 

no reactions 

0 = no reaction, x = diffuse partiallysis,1 
± = very scantyplaques, + = fairly 

numerous p3 <ques, + += very numerous 

almost confluent plaques, + ++ = confluent 
lysis. 
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the mothers' noses and milk. 

A nursery (Unit B.) was chosen in which pre- 

liminary work showed that a high proportion of 

strains of Staph. aureus were susceptible to the 

typing phages. Repeated swabbing of the noses of 

a number of infants was carried out. The noses of 

the nurses and the others of the infants investigated 

were swabbed and the nipples and expressed milk of 

the mothers were also cultured. Stapp, aureus when 

isolated from these swabs was phaged -typed. The 

various patterns of phage reaction obtained were 

given Roman numerals for ease of reference (see 

Table 5. page 146). The investigation had only been 

pursued for a short time when it was found that most 

new infants entering the nursery were becoming 

infected with strains insensitive to the typing 

phages. After a short time as the older infants 

left the bulk of the strains isolated were proving 

insensitive to phage and it was therefore necessary 

to give up the work. However before this happened 

a certain amount of information was obtained, so that 

the investigation was not entirely fruitless. 

At first fourteen infants, mainly the older 

ones in the nursery, were swabbed. This was in 

order to find the prevalent strains of Stapp. aureus 

among the infants, so as to obtain some idea of the 

types to which infants just born would probably 
be 

exposed. In this preliminary swabbing Staphureus 
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TABLE 5. 

Phage patterns of strains of Sta h, aureus isolated in 
LIaternil Unit B. 

Phage strain 

Phage type 5 9 12 28 44 48 82 87 101 102 105 129 

I 0 +++ 0 0 0 0 0 0 0 +++ 0 +++ 

II 0 +++ 0 0 + 0 0 0 0 0 0 0 

III 0 0 0 0 0 +++ 0 0 0 0 0 0 

IV +i- + +++ + + O o+++ 0 o 0 o o o+; 
V 0 0 0 0 0 0 0 0 0++ o o 

VI 0 0+++ +++ 0 o o ++ ++ o+++ o 

VII 0+#, ++ + + 0 0 0 0 ++ 0 0 

VIII 0 0 0 0 0 0 0 0 0 0 ++ 0 

+4- +- +_ 
IX 0 0+++ +++ C 0++ ++ 0 0 0 0 

X 0 0 ++ 0 0 0 0 0 0 0 0 0 

Phages not reacting with any strains have been 

omitted. 
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was isolated from every infant and phage typing 

showed the presence of five different tyyabh strains 
! 

and three insensitive strains - 4 infants Type I, 

2 infants Type III, 3 infants Type IV, 1 infant 

Type V and 1 infant Type VI. On the following days! 

the majority of infants born into the nursery were 

swabbed within a day or two of birth. The great 

majority of these were found to have become infected, 

with phage- resistant strains. Repeated swabbing of; 

many infants showed that with few exceptions the 

strains did not change (see Table 6. Page 148). 

It was clear that the tyX?bie strains present in the 

ward were being rapidly replaced by phage- resistant 

ones, so that most of the younger infants carried 

phage- resistant strains and the older ones typable 

strains. By the time the older ones had left the 

nursery very few typable strains could be found 

among the remaining infants (See Table 7. Page 148x).; 

Unfortunately the strains isolated from almost 

all the mothers, both from the nose and the breast, 

proved phage- resistant. Only information on the 

incidence of Staph. aureus carriage in the mothers' 

noses and milk could therefore be obtained. 

Seven out of twelve strains of Staph. aureus 

isolated from the noses of the unit were phage- 

resistant, and each of the other five belonged to a 

different type, two of the types being ones also 

found in the infants. 
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TABLE 6. 

Phage types of strains of Staph. aureus isolated on 

repeated swabbing of infants in Maternity Unit B. 

Age in days. 

Name 1 2 3 4 5 6 7 
g 

9 10 11 12 13 

Pr. I I 

Ne. III III 

An. I IV IV 

Gl. I I 

L. 

He. IV IV IV 

Hu. III III 

Ser. R R X 

Ar. III IIZR 

Cox. III III 

Moon. III III 

Da. R R R R R 

Co. R R R R R 

Sh. R R R R 

Br. R R R 

Mo. R R R 

Marcus R R R R 

An. II R R R R 

= 2 different coloured colonies. 

R -- phage resistant strain. 
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TA,BII; 7. 

Phage-typing of strains of Staph. aureus isolated from infants 
in Eaternity Unit B. on 

Infant's 

6/944.5 

2:22e. 

9 - 13/9/45. 

Tve Age in days Age on 11/9/I3.5 

Name on 6/9/45 
Pr. 10 I 

.n. I 9 IV 

07. $ I 13. I 

McC. 7 IV 

ne. 6 III 

Le. 6 jT 

Hu. 4 III 9 . III 

He. 4 IV 9 IV 

Da. 2 R 7 R 

Br. 2 Neg. 7 R 

tra. 1 R 6 R 

Col. 1 Neg. 6 R 

Ni. 0 Not examined 5 III 

An, II 0 It tr 5 R 

Sm. 0 n n 5 R 

Se. Not born 4 R 

Sh. n If 4 R 

PY. 
It II 4 R 

ZZo u u 4 R 

Sc. n n 4 I 

Ar. n II 3 R 

Hut. It n 3 R 

ti`to, 
u u 3 R 

Arm. If tt 3 III 

Cox n It 1 III 
O TH It It 1 R 

Moon It It 1 III 

Bu. It ft 0 R 

Is em. tt n 0 R 

Ta. If If 0 R 

Ni. u 11 0 R 
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Pemphigus in Unit C. 

About a year (October 1946) after the work in 

Unit B the writer was asked to assist in another 

maternity block where cases of pemphigus were 

occuring. However at this time only one infant 

with pemphigus yielding Stanh. aureus remained in 

the nursery. The nursery was closed shortly after 

the investigation began and no further cases of 

pemphigus occurred. Only a partial investigation 

was therefore possible. 

Nasal swabbing of the nurses and infants 

yielded Stash. aureus from 20 out of 32 nurses and 

17 out of 25 infants. Phage typing of the strains 

isolated using the phages at their standard testing 

titre (the titre just giving confluent lysis) 

produced only two typable strains. When the test- 

ing was repeated using the phages in a concentration 

of 100 times their standard testing titre, 7 of the 

20 strains from nurses were typable and 7 of the 17 

strains from infants. The strain from the baby 

with pemphigus could also be typed. Table 8 (page 

150) shows the phage typing results obtained. It 

can be seen that the baby with pemphigus carried 

the same strain in its lesion as in its nose and 

that this type does not occur in any of the other 

infants swabbed or in the nurses. Among the six 

other infants with typable strains there were only 

two carrying the same type (Baby W and Baby L). 

It is however interesting that all the nurses 
with 
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TABLE 8. 

Phage typing of strains of Staph. aureus isolated in Unit C. 

Phage strains 
(tested 100x standard testing titre) 

Subject Source 
of 

5 9 12 24 44 66 82 118 151 

Staph. 

aureus 

Baby G. pemphigus 
lesion 

0 0 0 0 0 0 0 0 ++ 

" rr nose 0 0 0 0 0 0 0 0 ++ 

If R. If x 0 + ++ 0 0 0 ++ 0 0 

" F. It +44 +++ 0 ++ 0 0 0 0 ++ 

" W. " + ++ + ++ 0 0 + ++ 0 0 0 0 

rr L. II + ++ +++ 0 0 + +-b 0 0 0 o 

" C. If +4+ + ++ ++ +4+ + ++ ++ 

rr McK. " x X 0 0 x ++ 0 0 ++ 

Sitter S. II +4+ + ++ 0 0 + ++ 0 0 0 0 

" C. 11 + ++ + ++ 0 0 + ++ 0 0 0 o 

" Me " x X 0 0 x 0 0 0 o 

Nurse A. u + ++ + +* 0 0 + ++ 0 0 0 o 

" B. u + ++ + ++ 0 0 + ++ 0 0 0 o 

" O. If + ++ +++ 0' 0 + ++ 0 0 0 o 

u + ++ + ++ 0 0 + ++ o 0 0 0 

Surgeon 
r r 0 0 +++ 0 0 0 0 0 



typable strains carried the same type as in the two 

babies. It would appear that aparticilar- strain was 

common among the nurses and was also present among 

the infants. The closure of the nursery made it 

impossible to trace the spread of different types 

to fresh infants. 

Discussion of phage work. 

The experience obtained in preparing and using 

staphylococcal phages showed that they were relative- 

ly easy to isolate. Practically all the phages 

when tested on a large number of strains of Stagh. 

aureus differed from one another in their action on 

the staphylococci although most of them lysed more 

than one strain. Wilson & Atkinson (1944) used for 

typing very specific phages each of which acted 

strongly only on one strain of staphylococcus. 

Further work with these strains has shown them how- 

ever to be rather less specific than was at first 

thought (Williams & Rippon, 1952). The main diffi- 

culties in the preparation of the phages were obtain- 

! 
ing filtrates of high enough titre and the main- 

tenance of stocks of phages over long periods owing 

to a gradual falling off in titre. Williams & 

Rippon (1952) have since described more effective 

ways of obtaining high titre suspensions. Looking 

back on this work it is clear that it is not really 

a practicable proposition preparing, titrating, 

maintaining and using staphylococcal phages, unless 
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there is a good deal of time at one's disposal or 

!there is technical assistance. Now that there is a 

Staphylococcal Reference Laboratory phage typing can 

always be done centrally and, if considerable work 

needs to be done, the Reference Laboratory can supply 

their phages,which then have only to be titrated at 

intervals and fresh dilutions made from a concen- 

trated stock suspension when necessary, or the phage 

may be propagated further. 

Phage typing has been used in three investiga- 

tions in neonatal nurseries. These were not full 

epidemiological investigations but were undertaken 

primarily to determine what epidemiological informa- 

tion could be obtained by phage- typing. In the 

first investigation (Unit A.) in connection with an 

outbreak of pemphigus neonatorum it was possible to 

show that all the lesions in the infants were due to 

the same type of Staph._aureus and that this type of 

Stágh. aureus was present in only one of the ten 

nurses carrying Staph. aureus in the nose. Without 

phage typing suspicion would have fallen equally on 

all nurses. With phage typing it was only necessary 

to suspect one nurse. It could not of course be 

assumed that the nurse was the source of the staphy- 

lococcus producing the pemphigus; it was at least as 

likely that she had become infected from the infants., 

In any case steps should obviously be taken either 

to exclude or treat such a nurse as she was carrying 
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a staphylococcus that was a danger to the infants in 

the nursery. 

In the second investigation (Unit B) a nursery 

was studied in the absence of an outbreak of staphy- 

lococcal infections. This work had to be premature- 

ly brought to an end because the strains of staphy- 

lococci isolated from infants and mothers shortly 

after the work had begun proved to be insensitive 

to the phages used. At the outset however it was 

shown that a number of different strains of Stáph., 

aureus were present among the infants and that these 

persisted during the infants' stay in the nursery. 

The variety of strains found showed that a single 

source was not responsible for infecting the infants.: 

The strains were mainly isolated within a day or two 

of birth. Fresh babies entering the nursery how- 

ever mainly became infected with phage- resistant 

strains and it was not possible to tell therefore 

whether these were all the same types or not. 

It is however important to note how rapidly 

these resistant strains could come to predominate in 

the nursery. It shows how rapidly a particularly 

virulent strain, tending to produce serious lesions, 

might be able to establish itself in a nursery. 

Throughout the investigation the great majority of 

Stanh. aureus strains isolated from the mothers' 

noses and milk were phage- resistant even where 

their infants in many cases had typable strains, 
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indicating that the infants were not infected by the 

mothers. As in Unit A, there were many different 

types of Stáph. aureus isolated from the nurses, 

indicating that in both units there was little or no 

transmission of staphylococci from nurse to nurse. 

Only two of the nurses had the same types as found 

in the infants. 

In the third investigation (Unit C) the most 

remarkable feature was that the phage -type of Staanh. 

;aureus found in the nose and lesion of the only 

infant with pemphigus in the ward at the time was 

not found in any other infant or nurse. On the 

other hand another type of staphylococcus was found 

commonly in the noses of the nurses and in two other 

infants in the nursery without there being any 

evidence of it producing lesions. This is contrary 

to the experience of Allison & Hobbs (1947) who 

found a build -up of a pemphigus- producing strain 

among the nurses before the epidemic broke out. 

Parker & Kennedy (1949) did not find this build up. 

However in the work described here there appears to 

have been a build up of a strain other than the one 

producing the outbreak. The nurseries in this unit 

also differ from those in units A and B in carrying 

much less variety of strains of Staub,. aureus, 

suggesting that either they were more exposed to a 

particular source of infection or that there was 
more 

nurse to nurse transmission of staphylococci. 
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A SELECTIVE MEDIUM FOR THE ISOLATION 
OF STAPH. AUREUS FROM HEAVILY 
CONTAMINATED MATERIAL. 

At one point in the investigations in connecticni 

with staphyloccal infections in neonatal nurseries 

it was desired to determine how much the.environ- 
f 

ment of the infant (clothes, bedding, dust, etc.) 

l was contaminated with Stanh,_aureus. Culture of 

1 objects such as clothes closely associated with the 

1infant yields numerous colonies of bacteria, 

!predominantly Staph. albus, which are difficult to 

distinguish from Staph. aureus. Although many of 

these are obvious white colonies and may reasonably 

be ignored it is not uncommon, especially in 

¡cultures of dust, to find colonies showing golden 

'pigmentation but which on further examination prove 

not to be true Staph. aureus. It is very easy 

therefore for colonies of Staph aureus when scanty 

to be lost among the large numbers of colonies of 

Mother bacteria. A special investigation was there - 

afore undertaken in an attempt to design a culture 

'medium that would as far as possible suppress the 

'growth of other bacteria without suppressing Staph. 

aureus, and that would give distinctive characters 

to the colonies of Staph. aureus. 

Previous attempts have been made to produce 

selective media for Staph. aureus. Chapman, Lieb, 

Berens & Curcio (1937) advocated an alkaline 
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bromthymolblue agar and more recently Chapman (1945, 

1946) has used a medium containing 7.5ó sodium chlor- 

ide. Trials of these various media have been 

carried out with only partial success. It was 

found that although the bacteria were often suppressed 

Stapp' albus still grew well and was still liable to 

,cause confusion. Garrod (1942) showed that staphy- 

lococci were much more readily inhibited by crystal 

or gentian violet than streptococci and that there 

was some variation in the resistance of different 

strains of staphylococci. Some comparisons have 

been carried out between the resistance of Staph. 

aureus and Stash. albos to crystal violet but 

although Staph. aureus seemed rather more resistant 

the difference was too slight and variable to be of 

practical value. 

The Investigation 

At first possible selective agents were sought 

among substances known to be useful in the selective 

isolation of staphylococci. Hill & White (1929) 

showed that staphylococci would grow in a medium 

containing 8% sodium chloride but the coliform 

bacilli and a number of other organisms tested were 

suppressed. Meyer (1944) & Chapman (1945, 1946) 

also made use of sodium chloride. The sodium 

chloride however inhibited Stanh_.aureus & Stash^ 

álbus about equally. Some experiments were made 
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using the chlorides of potassium, ammonium and 

calcium to see if improved selectivity could be 

obtained. The results were negative. However 

when lithium chloride was used some evidence that 

Stanh.__albus was rather more readily inhibited than 

i Staph. aureus was obtained (see Table 9 - page 158). 

This finding was not made use of at the time as the 

selective action was not regarded as sufficiently 

impressive. However it was introduced into the 

final medium for reasons that will appear later. 

It had been found that on MacCo n key's bile 

salt lactose medium Staph. aureus tended to grow 

better than S_taRh. albus and also produced pigment 

well a carried out 

with media containing various possible selective 

agents and including sodium tauroglycholate. 

In the final medium this was not used. However 

note was made of the fact that staphylococci were 

very resistant to this salt, growing in the media 

used up to a concentration of about 15% taurogly- 

cholate. In view of their selective action in the 

isolation of Shigella & Salmonellá from the faeces 

sodium desoxycholate and sodium biselenite were 

tested but found to be valueless. 

In constructing selective media it is necessary; 

to decide not only the inhibitory agent to be used 

but also the type of base in which it is to be 

incorporated; for the constituents of the base may 

diminish the selective action of the reagent used or 
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TABLE 9 .. 

Relative inhibitorr action of Lithium Chloride . 

on Staph. aureus & Staph. albus in nutrient lactose a -ar. 

Organism 

24 hours incubation at 37°C, 

1LLiC1 2`,c LiCI Control (no LiCl) 

Staph.aureus A. ++ +-++ ++ 

If B. ++ +-++ ++ 

II C. ++ +-++ ++ 

n D. ++ +-++ ++ 

Staph. albus E. + 0 +-++ 

n F. + ± +-++ 

I G. + ± +-++ 

It H. + - +-++ 
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may accentuate it either by increasing the 

inhibition of the unwanted organisms or increasing 

the growth of the bacteria it is 

The base may also be modified to 

special characters of the wanted 

required to grow. 

accentuate the 

organism (e.g. 

stimulate the pigmentation of Staph, aureus), so 

that it can be more readily recognised. In 

devising a selective medium for Staph. aureus a 

good deal of time had to be given to composing a 

suitable base and throughout the experimental work 

a large 

It 

able to 

number of different bases were tested. 

was found early on that mannite was prefer- 

lactose as a growth stimulant since Stull. 

aureus grow than Stánh. álbus when 

it was used and therefore in all the bases used in 

the later experiments mannite was incorporated. 

Potassium tellurite. Potassium tellurite is a 

standard selective agent for the isolation of Cory - 

nebacterium diphtheriae and also for the selective 

suppression of coliform bacilli, and experiments to 

determine its value in the selective isolation of 

Staph. aureus were therefore carried out. Prelimin- 

ary experiments incorporating the tellurite in 

nutrient agar gave encouraging results, the tellur- 

ite tending to cut down the growth of Staph. albus 

relative to that of Staph. aureus. When however a 

simple base consisting of mannite 1 %, Bacto -peptone 
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1% and agar 1.5% was used the medium was markedly 

inhibitory to staphylococci, growth being completely 

prevented at a concentration of tellurite of 1/105. 

It was found however that by adding 0.5 % K2HPO4 to 

the medium that this marked inhibitory action was 

greatly reduced. Table 10 (page 161) shows the 

effect of adding the phosphate to the medium. 

Growth was obtained with 1/104 tellurite and there 

was some slight evidence of selective action. More- 

over it was found that addition of phosphate also 

improved the growth when added'to a mannite Bacto- 

peptone Lablemco agar (Table 11,, page 162) and this 

was therefore the base finally decided on for the 

medium. 

Because of the resistance of staphylococci to 

sodium chloride the effect of combining sodium 

chloride and tellurite in the medium was tested. 

The effect of this however was to depress growth 

even when the amount of tellurite was reduced and to 

abolish the difference in degree of growth between 

Staph.aureus and Staph .älbus (See Table 12, page 

162a). 

In a preliminary field trial of this medium 

(1 /10, 000 tellurite, 1 ¡5 mannite, 0.5% K2HPO4, 1% 

Bactopeptone, 1% Lablemco, 1.5% agar) it was found 

that the growth of enterococci was greatly stimulated 

so that their colonies were difficult to tell from 

those of staphylococci. It was eventually found 
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TABLE 10 . 

Effect of adding phosphate to mannite tellurite i12.10 ogól 

peptone agar (no meat extract). 

Or,L?ani&7I"71. no phosphate O. 5 -K2 O4 added 

24 hrs 36 hrs 24 hrs 36 hrs- 

Staph. aureus A 0 0 + + 

B 0 0 + + 

11 It C 0 0 +-++ ++ 

Staph. al bus D 0 0 

E 0 0 

enterococcus F + + + + 

Bact: aero_genes 2 0 0 0 0 

sporing aerobe 3 0 0 0 0 
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TABLE Il . 

Effect of phosphte on improvina_LrowL-h of Sta hp . aureus in 

teliurite mannite Lablemco Bactopeetone agar. 

0rranisrn Base + 

1/11000 tellurite 
Base + 1/10,000 
tellurite 0.5` 

hr. 36 hr. 

K2 HPO4 . 

24 hr. 36 hr. 

St aph, aureus A 

,24 

+ ++ ++ ++-+++ 

u ii B + +-++ ++ ++ 

n n c + +-++ ++ ++ 

Staph. al'ous D ? + ± +-++ 

It It E + + ± +-++ 

enterococcus F + + + +-++ 

Bact. aerogenes 2 0 0 0 0 

sparing aerobe 3 0 0 0 0 
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TABLE 12. 

Relative inhibitor7 action of tellurite on Staph, aureus and 

Staph. albus. 

The effect of hi h.concentration of NàC1. 

Base -K2HPO4 0.57, Bactopeptone 1 %, mannite 1 %, agar 1.5%. 

Organism 

Pot. tellurite Pot. ,tellurite 

pH 7.4. 

Base alone 

1/10,000 
-770, 
= NaC1 

000 
5.5% 

24 hrs. 48 hrs. 24 hrs. %,g hrs. 24 hrs. Lr.$ hrs. 

Staph. aureus A + +-++ + +-++ ++ ++ 

11 11 B + ++ + +-++ ++ ++ 

it It C + +-++ d +-++ ++ ++-+-M' 

Staph. albus D 0 0 + +-++ + +-++ 

U n E ? + 
- 

+ +-++ + +-++ 

It 't F 0 0 + +-++ + +-++ 
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however that 0.5% lithium chloride suppressed the 

enterococci without impairing the growth of the 

staphylococci and this concentration of lithium 

chloride was therefore incorporated in the medium. 

As mentioned earlier it also tends to. depress the 

growth of Stash. albus more than Staph. aureus in 

high concentrations and may therefore have some 

value in this respect as well. Table 13 (page 164) 

illustrates an experiment demonstrating not only the 

selective suppression of the enterococcus by lithium 

chloride, but also its suppression of Pseudomones 

pvoçyanea and the marked action of tellurite in a 

concentration of 1 /100,000 when incorporated in a 

medium containing no phosphate or Lablemco. 

Chapman et al. (1937) and Beveridge (1940) have 

recommended the use of an alkaline medium for the 

selective isolation of Staph. aureus and experiments 

were therefore made varying the alkalinity of the 

medium. The ingredients of the medium (with the 

exception of the tellurite) were dissolved in 

distilled water and then the pH adjusted with sodium 

hydroxide, using thymol -blue as an indicator for 

pHs varying between 8.5 and 9.6 in different experi- 

ments. The medium was then autoclaved at 15 lbs 

for 20 minutes. When the medium had cooled to about 

60 °C. a solution of potassium tellurite was added to 

bring the final concentration to 1 /10,000. Table 

14 (page 165) shows that at pH 9.6 there was a good 
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TABLE U. 

To show the selective inhibition of enterococci lithium 

chloride and the marked inhiba tory ac +,ion of 1/105 tellur. i.t e 

when in a mannite peptone a 'ar base. 

Staph. a.ut°eus 

mannite mannite 

1/105tellurite. 

ti' 

., 

mannite 
pe»tone, azar peptone árglar peptone azar 

21;. hrs. 
+ 

0.4;, LiCl. 0.4 Li C1, 

21 ;. .._ _,. 

+ 
._rs. 48 hrs. 

C 

Staph. al'.ous E + +-++ 0 

enterococcus F + 0 0 

Bact.aerogenes 2 ++ +-++ C' 0 

snoring aerobe 3 ++++ + 0 

Ps. Froc7a:neá 4 ++ 0 0 0 
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TOTE 14. 

Effect, of on tell-,'rite 1ithiiaril chloride medium, 

24 hrs. 1i.8 hrs. 

pH 7.6 pH 8.5 pH 9.6 pH 7.6 pH 8.5 .pH 9.6 

Staph.aureus A ++ + } ++ +++ ++ 

u rr B +-++ + ± +-++ ++ ++ 

n rr C ++ ++ ± ++ ++ ++ 

122, r anus D 
± 

? + +-++ ±-+ 

rr n E + + 
? + +-++ ±-+ 

pH determined before autoclaving. 

Base = 1/104 teLlurite, LiCl, Eannite 1;, K2HPO4 0.5%, 

Bactopeptone 1; , Lablemco 1` , agar 1.5;-. 
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deal of suppression of Staph. albus with relatively 

little effect on Staph. aureus. However it was 

thought that pH 9.6 was rather too inhibitory and 

further trials suggested that pH 9.2 was a suitable 

level. Table 15 (page 167) shows the results 

obtained using pHs of 8.6 and 9.0, the latter pH. 

giving very satisfactory results. 

Staph. aureus not only grew selectively on this 

medium but also had characteristic colonies. The 

colonies were large flat discs, dark grey to jet 

black, shiny and sometimes with a pale or faintly 

pigmented border. Staph. albus colonies were 

usually very much smaller and much paler. The 

medium suppressed streptococci,diphttToid bacilli, 

coliform bacilli and some strains of sporing aerobic 

bacilli, strains that grew being usually easy to 

distinguish from staphylococci. 

Field Trials of the tellurite medium. 

Tests of the new medium were carried out in the 

course of epidemiological work in neonatal nurseries. 

As the main aim in designing this medium was to 

isolate scanty Stánh, aureus from large numbers of 

colonies of StaRh. albus washings of nightdresses 

from infants were tested as these were found to give 

a very heavy growth of Stáph; albus with a few 

colonies of Stash. aureus. 
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TABLE J. 

Effect of pH on selectivity of medium for Staph.aureu.s w albos. 

24 hrs. 

:pH 8.6 pH 9.0 

48 hrs. 

pH 8. 6 pH 9.0 

Staph. aureus A +-++ +-++ ++ .¢-4.. 

rr r r B + +-++ ++ ++ 

rr rr C ++ +-++ ++-+++ +++ 

Staph. albus D ± ? ++ ± 

n rr E ++-+++ + 

Base as Table 13. but 17,500 tellurite. 
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Each nightdress was rinsed in 400 ml. of sterileÍ 

water, squeezed out in sterile paper and 0.1 ml. of 

the washings spread over a blood -agar plate and a 

plate of the selective medium containing 1/10,000 

tellurite. Table 16 (page 169) shows that the 

selective medium produced a great reduction in the 

number of bacterial colonies and that all the larger 

colonies tested were coagulase- positive Staph.aureus. 

Sometimes however rather more colonies of Stáph. 

aureus were found on the blood agar; but the main 

value was evident when the blood agar plates showed 

a very heavy growth of bacteria as in C5, Cil & C14, 

among which Staph. aureus could not be found. The 

selective medium however revealed colonies.of Staph. 

aureus but the results suggested that the selective 

medium might be suppressing some Staph. aureus. 

Work has also been done on the isolation of 

Staph. aureus from the noses and hands of infants. 

As the noses of the infants usually yielded a profuse 

growth of Staph. aureus the results obtained with 

both types of media were similar. However swabs 

from the hands were found more useful for estimating 

the value of the selective medium since on the non- 

selective medium scanty colonies of Staph. aureus 

tended to be lost among the Staph, albus. 

Swabs rubbed over the infants' hands were 

rubbed up in a few drops of sterile water and a loopfulf 

plated out on the selective medium containing varying, 
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TABLE 1&. 

Culture of washin s from babies' nightdresses on a selective 

and non -selective medium (4$ hours incubation atj12911. 

Nig.htdress Selective medium Blood agar 

Ref.No. (1/10,000 pot.tellurite) 

No colonies se test No colonies Colonies 
No. No. Staph.aureu.s 

tested positive 

C 1 1 large 1 1 

1 mod. size 1 0 approx. 300 2 

9 sma) l 2 0 

C 2 7 large 5 5 

4 mod.size 4 0 " 1,000 12 

6 small 4 0 

C 3 14 large 

4 small 
2 
1 

2 
1 

" 1,500 about 12 

C 4 3 large 2 2 

1 mod. size 1 0 " about 2,000 
20 small 1 0 

3 large 2 2 

11 mod. size 3 0 over 2, 000unde te:ctable 
40 small 3 0 

C 9 1 large 1 1 about 130 several 

C10 2$ large 3 3 " 120 about 40 

C31 17 large 1 1 semi- conflï_ent growth of 
coliform bacilli 

C14 1 large 1 1 about 1,000 6 colonies 
tested 
all 

coagulase neg. 
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quantities of potassium tellurite and on a non- 

selective medium. The plates were incubated 48 

hours and colonies suggestive of Stoph. aureus were 

tested for coagulase production. 

Table 17 (page 171) shows that with the strong- 

er concentrations of tellurite Staph. aureus tended 

to be too inhibitory but when the concentration was 

under 1/16,000 isolations were more frequent on the 

tellurite medium. It was found that the great ' 

value of the medium lay in the ease of distinguish- 

ing Stoph. aureus colonies from Staph. _albus and in 

the frequent partial or complete suppression of 

Staph. albus. 

Discussion. 

The medium that has been described owes its 

selective action largely to the presence of potassium 

tellurite, which is highly inhibitory to the great 

majority of coliform bacilli and has a variable 

action on gram- positive organisms. Staphylococci 

are resistant to tellurite although not as resistant 

as most corynebacteria, but in the isolation of 

Staph. aureus the reagent is particularly useful 

because it tends to suppress the growth of Staph. 

albus relative to Staph. aureus. Even when Staph. 

albus grows the colonies normally differ from those 

of Stápt24._áureus in being smaller, paler, and brown 
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TABTF 

Isolation of Sta h. aureus from swabs Of hands of infants 
1 

on tellurite medium, 
and a non -selective medium.. 

Concentration Ido. swabs 
Positive for StaJh. aureus 
Selective non -selective 

of tellurite medium. medium 

1/ 8,000 
. 

15 7 8 

1/10, 000 8 4 4 

1/160000 18 8 12 

Total 41 19 24 

1/22,000 19 15 14 

1/32,000 l0 9 6 

Total 29 24 20 
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or whitish rather than black. Chapman et al. (1937)1 

and Beveridge (1940) have shown that an alkaline 

medium favours the growth of Staph. aureus rather 

than Staph. albus. The writer's work also confirms 

this, although the effect is not marked. The 

alkalinity is probably also effective in suppressing 

corynebacteria which might be expected to grow on a 

tellurite medium. It was with some surprise that 

colonies indistinguishable from Stáph, aureus 

appeared in preliminary field -trials but which proved 

on further examination to be enterococci. These 

organisms are known to be tellurite- resistant and 

capable of growing in media up to a tI of 9 -10 but 

the colonies on this medium were larger than those 

found on routine non -inhibitory media such as blood - 

agar. The unusually heavy growth was probably due tp 

the stimulating action of the mannite in the medium. 

In addition to its stimulating action on growth its 

fermentation would tend to reduce the alkalinity of 

the medium, and this would also promote growth. 

Fortunately after a number of trials it was found 

possible to suppress the enterococci completely by 

gadding lithium chloride to the medium. The growth 

of Staph. aureus was unaffected. Some experiments 

suggested that lithium chloride inhibited Staph. 

albus rather than Staph. aureus but the difference in 

action was not great. Where material unlikely to 

contain enterococci is to be cultured lithium 
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chloride could be omitted from the medium. While 

experimenting with lithium chloride it was noted 

that Pseudomones nyoeyanea was particularly 

sensitive to its action. This observation might 

perhaps be made use of in the suppression of the 

organisms in certain kinds of culture work, e.g. 

culture of faeces or infected wounds. 

It has been shown that there is a risk that 

some inhibition of Stánh. áureus also may occur, 

for with some specimens distinctly more Staph.aureus 

colonies have been found on a non - selective medium 

than on the tellurite plate. Where however Staph. 

aureus is liable to be overgrown by other organisms, 

as by Staph. albus when clothes are cultured, or by 

Bact. coli in the culture of faeces, the inhibition 

of some of the Stánh. aureus present is outweighed 

by the marked inhibition of the other organisms 

present. 

Since this work was completed the medium has 

been used in other investigations and, although it 

was found very useful in certain of these, in some 

the medium proved much too inhibitory. The cause 

of this variation has not so far been discovered 

but it is thought to be probably due to some small 

point in the preparation of the medium which has 

not been properly standardised. The medium is 

alkalinised and then sterilised. This procedure 

would be expected to have a marked effect on the 
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nutritive value of the medium and it is rather sur- 

prising that the medium is not always highly inhibi- 

tory. Some technicians may have some difficulty in 

getting the medium adjusted to the correct pH and the 

final pH after sterilising will depend on the amount 

the medium is heated. The medium is still quite, 

useful when used at a neutral pH. and where batches 

of media prove too inhibitory the medium at neutral 

Ph can be used. 

Since a description of this medium was publish- 

ed (Ludlam, 1949) it has been favourably mentioned 

by Fairbrother & Southall (1950) and is in routine 

use in several laboratories. It is thought however ! 

that its rather inhibitory action on Staah_ äureus 

will probably mean its replacement sooner or later. 

The writer's preliminary trials with the medium 

described by Barber & Kuper (1951) suggest that 

their medium may prove much more satisfactory in 

many ways, although it is not suppressive of con- 

taminants. 
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SECTION III. INCIDENCE OF STAPH. AUREUS IN INFANTS 
AND THEIR CONTACTS. 

Infants in Hospital. 

The nose is generally regarded as the main site 

for carriage of Staph. aureus. The organism occurs) 

commonly in large numbers in the noses of infants, 

less commonly and less abundantly on the skin. 

rInvestigation of the incidence of Staph. aureus 

carriage consists largely therefore of determining 

!the rate of carriage in the nose and a large amount 

of the field work carried out in connection with the 

study of staphylococcal epidemiology has therefore 

'consisted of nasal swabbing. This has been done 

for various reasons on small groups of infants while 

still in hospital at various times between 1939 and 

1952. The incidence of Staph. aureus in the nose 

in these groups is illustrated in Table 18 (page 176); 

At the time these groups were swabbed staphylococcal) 

infection was not epidemic in the nurseries and the 

,findings represent therefore the incidence under 

normal conditions. It can be seen that the nose was 

colonised with Staph. aureus in a number of infants 

even under two days old and that by the time infants 

were due to leave the nursery the majority of them 

were carrying the organism. 
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Infants attendu Child Welfare Clinics. 

This study was done to ascertain the change in ! 

incidence of nasal carriage of Starch. aureus after 

the first two weeks of life, and to see whether the 

incidence in babies born at home was different from 

that in babies born in hospital. 

Nasal swabbing was carried out in five Notting- 

ham Child Welfare Clinics on 530 infants aged two 

weeks to two years, although only a small number 

(57) were swabbed in their second year. The 

clinics were visited at irregular intervals and the 

majority of infants and motherspresent at the time 

of the visit were swabbed. In addition to noting 

the age of the infant a record was kept of whether 

it had been born in hospital or at home. The 

sample of the mother - infant population examined may 

be regarded as representative of those that were 

regular attenders at the clinics. Examination of 

random samples of clinic records showed that a high 

proportion of the mothers were attending with their 

first or second child. As was to be expected, a 

higher proportion of the mothers delivered in 

hospital were primiparae than of those delivered at 

home. 

In the course of another investigation the 

Health Department ophthalmic nurse sent in eye and 

nose swabs from infants with neonatal eye infections 

who had been born at home. Nasal swabs were also taken 
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from the mothers. As the results obtained in this 

investigation are relevant to the present work they 

have been included here. This group is referred to 

hereafter as the 'Special Home Group'. 

The mothers and infants swabbed were grouped 

according to whether they were delivered in Hospital 

C, Hospital F or at home. They were also grouped 

according to the infant's age into 2 weeks - 2 months, 

2 - 5 months, 5 - 12 months and 1 - 2 years. This 

grouping gave some samples large enough to have 

ststistical significance. 

The essential findings are summarised in Table 

19 (page 179). It can be seen that there was a 

steady decline in the incidence of Stáph. aureus 

throughout the first year in all three groups, fall- 

ing to below 30% in all groups in the latter part of 

the year. Infants born in hospital had a much high - 

ier incidence in the first two months and in the last 

!half of the year than the infants born at home, but 

{in the 2 - 5 month period there was not such a clear 

distinction between the groups. In the first five 

months the incidence in the infants born in Hospital 

fF was significantly higher (P approx. 0.02) than 

that for infants born in Hospital C. The incidence 

of Staph. aureus in the 'Special Home Group' was 

similar to that in the Clinic group born at home. 

The figures for the second year of life were small 
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TABLE 19 -. 

Incidence of nasal carria e of Staph. aureus 

in infants under two years old. 

2,_,E2 Group Place of Total No. positive ;,; positive 
birth. Infants Staph. aureus S taph. aureu.s 

examined 

'Special Home Group'/ 38 20 52.6 

(Hospital C 57 40 70.2 
( 2 

2 creeks - (Hospital F 29 25 86.2)k5.19 
( )P= approxa 
(Home 54 32 59.3) 0.03. 

(Hospital C 78 30 38.5 
( 

2 months - (Hospital F 46 27 58.7 
( 

(Home 64 28 43.8 

(Hospital C 57 16 28.1 

2 
5 months - (Hospital F 31 9 29.0)X =4.75 

( )p=,00.02 

(Home 57 5 8.7) 

(Hospital C 19 3 25.0 

12 -24 months (Hospital F 12 3 15.8 

( 

(Home 26 4 15.4 

Infants under 3 'reeks old with 'eye-infections 
(not necessarily staphylococcal infections). 
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TAB= 20. 

Incidence of Staph.aureus in the noses of mothers 
while in maternity units. 

Dato Place No. swabbed No. nose 'positive ¡ + ve 
for Staph. aireus 

Nov.1939 
to 

Simpson 
Memorial 

16 6 37.5 

Jan.1940 Maternity 
Pavilion 

Oct .1945 10 47.6 

Jan.1952 City 22 36.4 
Hospital, 
Nottingham 

Total: 59 24 40.7 
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TABT F 21. 

Incidence of nasal carriage of Sta h.aureus in 
mothers of infants under two years old. 

Age Group 
of Infant 

'Special 

2 weeks - 

2 months- 

; months- 

12-14 
months 

Place of 

birth 
of infant 

Home Group' 

(Hospital C 

( 

(Hospital F 

( Home 

(Hospital C 

(Hospital F 

( 

(Home 

(Hospital C 

( 

(Hospital F 

(Home 

(Hospital C 

( 

(Hospital F 

( 
(Home ie 

Total No. positive L.22EiLLI2 
Mothers Staph.aureu6 .Staph.aureus 
Examined 

35 34 42.1 

46) 26) 

)71 )45 

25) 19) 76.0) 

47 20 42.5 

65 35 55.9 

43 25 55.1 

57 2$ 49.1 

57 24 40.9 

31 18 55.1 

57 23 40.4 

19 7 36.5 

12 5 41.7 

26 12 46.1 

s a 
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but the low level of the preceding months appeared 

to be maintained. 

Incidence of Stash. aureus in the noses of 
mothers. 

(a) In Hoital. Much fewer mothers have been 

swabbed than infants but Table 20. summarises the 

,results obtained. Under 50% were carriers in each 

'group examined. 

(b) Attending Child Welfare Clinics. 488 

!mothers of the infants attending Child Welfare 

Clinics were swabbed. Table 21 shows that in the 

first two months the mothers delivered in hospital 

had à significantly higher incidence of Stálh, 

aureus than those delivered at home. After two 

!months the incidence tended to fall but the three 

groups showed little difference in incidence among 

themselves. 

Incidence of Staph. aureus in the mother_'s milk. 

In October 1946 phage typing of strains isolated 

from mothers' milk was done in the hope of determin- 

ing whether there was a relationship with the strains 

either in the mother's nose or the infant's nose. 

Unfortunately all strains isolated were insensitive 

to the phages used and this work was therefore 

stopped. Sufficient was done however to show the 

high incidence of Stáph. aureus in the milk. Table 
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22 (page 184) shows the results obtained. Stáph 

aureus was isolated eventually from the milk of 11 

out of 12 women examined and although the numbers 

examined were small they strongly suggested that 

Staab. aureus usually appeared shortly after the 

first two days. The only negative patient might 

have yielded a positive result if further specimens 

had been obtained. Similar results were obtained 

when single samples of milk were obtained later in 

another maternity unit from 5 mothers and 4 were 

found positive for Staph. aureus. 

Incidence of Stäph. aureus in nurses. 

As with the infants, the nasal swabbing of groups 

of nurses in maternity units has been carried out at 

intervals between 1939 and 1952 and Table 23 (page 

185) summarises the results obtained. It can be 

seen that there is a good deal of variation in the 

nasal carrier rate in the nurses. The rather lower 

rate in the last two groups may have been due to the 

ready use of penicillin for mild upper respiratory 

tract infections, boils etc. and to the fact that for 

some time in the City Hospital it had been customary 

to give local penicillin treatment to nurses if they 

were carriers when they started in the ward. 



TABLE 22. 

Isolation of Staph.aureus from Mothers milk. 

Mother: Days after delivery: 
1 2 3 4 5 6 7 8 9 10 

Mrs. 

Yrs. D. 

Mrs . + + 

Tirs. 0 + 

Tirs. Anderson + + 

Mrs. Sargent 0 0 + + 

Mrs. Morris 0 + + 

Mrs. Sharp 0 0 0 0 

Mrs. McGarry 

Mrs. Hunter 

Mrs. 

Mrs. Hutton 

0 0 

+ 

Staph. aureus isolated. 

Staph.aureus not isolated. 

Of 12 women from whom milk obtained, 11 contained 

Staph.aureus before leaving hospital. 
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TABLE 2 1 . 

Incidence of Staph.aureus in the noses of various groups of 
nurses in maternity units. 

Time of No. No. positive positive 

swabbing Place swabbed Staph. aureus Staph. aureus 

Nov.1939 
to 

Simpson 

Memorial 
12 3 25.0 

Jan .1940 ! aternity 
Pavilion 

Feb.1945 if 1$ 10 55.5 

spt.1945 If 17 12 70.6 

Oct.1946 Western - 32 20 62.5 

General 
Hospital 

Oct.1951 Firs 19 4 21.0 

Nottingham 

Jan.1952 Cty 2$ 14 50.0 

Hospital 
Nottingham 
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Relation of nasal carriage of St h. aureus 
in infant and mother. 

(a) In Hospital. All of a group of 21 infants 

examined in October 1945 carried Stáph. aureus 

before leaving the nursery, whereas only about 50% 

(10 out of 21) of their mothers were positive. As 

half the infants must have had mothers with negative 

noses at least half of them must have acquired 

infection from sources other than their mothers. 

This was the only fairly reasonably sized group of 

infants in hospital in which the mothers were 

swabbed as well. Groups examined in 1940 and in 

1951/2 were too small to yield any results of value. 

(b) At Home. Infants were swabbed along with 

their -mothers in Nottingham Welfare Clinics and 

Table 24 (page 187) shows the relation between 

carriage in mother and infant, and also the relation- 

ship in mothers and infants belonging to the 

'Special Home Group'. A statistically significant 

association was found between carriage in infant and 

mother in all groups of infants under one year 

wherever they were born. This association was most 

striking in the 2 - 5 month old group born in 

Hospital F and in the two week - 2 month old group 

born at home, but there was little evidence of 

association in the latter part of the first year. 

It is interesting to note that in the 'Special Home 
1 

Group' where an association might have been expected' 
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TABLE 21.. 

Helatio of nasal carriage rate for Staph. aureus in 
mother and infant. 

Positive Infants Negative Infants 

Place of Age of Total Mothers Total Mothers 
Chit P Birth Infant 

30 

23 

16 

positive positive 

Hospitals 
C 

(2 weeks 
( 

(2 months 

( 

(5 -12 mths 

1 

63.3 

69.6 

56.2 

16 

45 

j 

.1 

43.7 

48.8 

36.8 

Total 69 63.8 102 43.1 6.07 <0.02 

( 2 weeks 22 77.3 3 66.7 

Hospital ( 

F (2:;.onths 24 75.0 19 36.8 4.78 40.05 

( 

( 5-12 nths 5 44.4 . 22 60.9 

Total 55 70.9 45 51.1 5.0 40.05 

weeks 26 57.7 21 23.8 3.57 approx. (2 
0.06 

Home (2 months 26 57.7 31 41.9 

( 
(5 -12 ._iths 5 40.0 _E 40.4 

Total 57 56.4 104 37.5 4.48 40.05 

'Special Home Group' 
0-3 weeks 20 40.1 18 44.4 
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there was no evidence of association at all. 

Relation of Staph. aureus carria,e on hands to 
nasal carriage in young infants. 

Although a good deal of work has been done on 

the nasal carriage of Staaah. aureus, the subject of 

skin carriage in infants has been relatively 

neglected. In February 1948 an investigation was 

begun at the Western General Hospital consisting of 

the nose and hand swabbing of infants as soon after 

birth as possible and repeating the examinations 

frequently in the following few days. The object 

of this was to determine whether the skin or the 

nose was infected first and whether the skin carrier 

rate eventually approximated to that of the nose. 

The swabs were cultured on the tellurite medium 

already described and on a non- selective medium. 

Table 24 (page 189) shows the results obtained. 

The most interesting finding was that in infants 

under 1 or 2 days old Staph. aureus was commonly 

isolated from the hand before the nose. After that 

the incidence on the hand was approximately the same 

as in the nose and high in both, e.g. in swabs taken 

from 12 infants aged 6 - 9 days, 11 from the nose 

and 10 from the hands were positive for Staph.aureus.. 

A group of 16 infants in the Simpson Maternity 

Pavilion were also swabbed in the first two days 
of 

life on one occasion only and similar results were 
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TABLE 24. 2 

Incidence of Staph.. au1 eus in nose and hand in new -born infants 
in hospital. 

A. In infants swabbed on more than one occasion 
,Tiestern General Iospitai1. 

2 3 4 5 6 -9 
da days da0 rs days days 

U 

++ ++ 0 0 

Infant Site Under -1 
swabbed 1 day lat 

:a. nose O Ó 
hand O + 

IícR, nose O O 

hand ++ i- 

ü, nose 
hand 

0 
O + ++ 

Tier. nose O ++ 
hand +4- + ++ 

Fo. nose 0 

Lo. 

hand 

nose 

+ 

hand. - 

Cl. nose O 

hand 0 

Pa. nose - 
hand 0 

Di. nose 0 
hand + 

Fi. nose 0 
hand 0 

Do, nose 0 
hand 0 

Gr. nose 0 

Fors. 

St. 

Ba. 

Ta. 

Br. 

hand 

nose nose 
hand 

nose 
hand 

nose 
hand 

nose 
hand 

nose 
hand 

+ 

0 
0 0 

+ 

O 
- 

O + 
0 O 0 +-'r 

0 + 0 0 O 

++ + 

+ + +++ +'--'r 
0 0 ± 0 

++ ++ + +4 
++ ++ 0 

+ + ++ 
++ + ++ 

O + ++ 
O + 

O + ++ 
0 ++ 

+++ 
+ 

+++ 

+ + 

0 
+ ++ 

0 
++ 

++ 
0 

+++ 
0 

0 + +++ +++ -r--r 
+++ +++ +++ +++ +++ 

++ ++ 
0 + 

0 
++A ++ ++ 
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TABIE . 

. In Infants swabbed on one occasion oni- . 

Infant 

(Simpson Memorial Maternity Pavilion). 

Age in days Staph.aureus Staph.aureus 

on hand ? in nose ? 

He. under 1 ++) 0 ) 

) ) 

Ry. ) ++) 0 ) 

) ) ) 

cl. ) +) ++ 
) 

) 1 ) 4 ) 1 

Kenn. ) +)positive 0 )positive 

) 0) 0) 

Ke. 2 0) 0 ) 

2 +++) ± ) 

) 3 ) 4 
Mel'. 4 ++)positive + )positive 

) ) 
Pu. ) 0) +++ ) 

Ba. ) 

6-9 
++j 

++ 
) 
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TABLE 26.. 

Summary o_r tiïe restL.ts z Table 2 
X 

e No. Infants No. N144 No. H+1` - i:o.II N+ No. I N- 

under 
l day 

1 day 

swabbed 

0) 

)3 
3) 

3) 
)11 

8) 

0) 
)1 

1) 

2) 
)6 

4) 

5) 

)21 
16) 

2 days 16 5 5 2 4 

3 days 11) 7) 1) 2) 1) 

) ) ) ) ) 

4 days 9) 4) 1) 2) 1) 

)38 )21 )3 )8 )5 

5 days 6) 1) 0) 2) 3) 

6 -9 days 12) 9) 1) 2) 0) 

.X 

H ge hand N - nose 

+ - positive for Staph. aureus 

negative for Staph. aureus 
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obtained, namely one infant had a positive nose with 

negative hands, 7 had both nose and hands positive, 

6 had hands positive and nose negative and 2 had 

Iboth sites negative. (table 25, page 189a). 

Fortysix infants attending Child Welfare 

Clinics also had their hands and noses swabbed to 

determine the relationship between nasal and hand 

carriage. It was found that among the 29 infants 

with positive noses 16 had positive hands (55.2 %) 

whereas only two of the 17 infants with negative 

noses had positive hands (11.8 %). 

Incidence of penicillin- sensitive strains of 
Stághh.aureus in infants. 

Table 27 (page 192) summarises the results of 

testing for penicillin- sensitivity strains of Staph, 

aureus isolated from infants attending the Child 

Welfare Clinics. The most remarkable feature of 

this part of the investigation was the high incidence, 

of resistant strains in babies born in Hospital F, 

12 out of 13 and 13 out of 17 strains from infants 

in the first two age groups being resistant. It 

can be seen that there was a very much lower inci- 

dence in the infants born at home, a difference in 

incidence which is statistically significant. The 

incidence in infants born in Hospital C occupied an 

intermediate position. 
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TABLE 27. 

Penicillin -sensitivity of strains of Stanh. aureus 

isolated from infants under one, 

Age Group Place of Total Io. resistant Lresistant Chi2 P 

birth Strains Strains Strains 

;Special Home Group; 

(Hospital C 

( 

16 

17 

4 

5 

25.0 

29.1 

2 weeks - (Hospital F 13 12 92.3) 
( ) 60.6ío.01 
(Home 11 4 36.4) 

(Hospital C 14 6 42.9) 
( ) 2.11 0.2 

2 months- (Hospital F 17 13 76.5) 
( ) 4.75.05 
(Home 11 3 27.3) 

(Hospital C 7 3 42.9 
( 

5-12 months(Hospital F 6 3 50.0 

( 
( Home 3 0 0. 0 
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Penicillin - sensitive of st alnz_ to h. 
aureus isolated from mothers attending 

Child Welfare Clinics. 

It can be seen in Table 28 (page 194) that not 

only had the infants born in Hospital a high 

incidence of resistant strains, but twenty out of 

twentyeight of the strains isolated from their 

mothers in the first 5 months after delivery were 

also penicillin- resistant. This was a very much 

higher proportion of resistant strains than that 

found in either mothers delivered in Hospital C or 

mothers delivered at home. This high incidence 

of resistant strains was still very striking in the 

second age group (2 - 5 months) although proportion- 

ately they had dropped somewhat. In the latter 

Part of the first year, although the Hospital F 

group still had the highest proportion of resistant 

strains, the difference was not significant, perhaps 

because the samples were small. There was no clear! 

difference between the incidence of resistant 

strains in mothers delivered in Hospital C and in 

those delivered at home. 

Phase -t in of strains from mothers and 

infants attendin the Child Welfare Clinics. 

Phage- typing was done mainly to determine 

whether the high incidence of penicillin- resistant 

strains of Stash. aureus in the infants born in 

Hospital F was due to infection with a particular 
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T BIE 28. 

Pencillin-sensitivity of strains of Staph.aureus 

isolated from ?:-.others with infants under one Tear 

Age Group Place of Total No. i. 

resistant Chi 2 P of Infant Delivery Strains resistant 

'Special Home Group' 10 
strains strains 

1 10 

(Hospital C 16 7 43.$) 40.3 
( ) 1.31 '0,2 

2 weeks - (Hospital F 11 $ 72.7) 
) 4.17 40.05 

(Home 10 2 20.0) 

(Hospital C 24 3 12.5 

( 

2 months- (Hospital F 17 12 70.6) 
( ) 4. g9 40.05 

(Home 13 3 23.1) 

(Hospital C 11 2 18.2 

5_12 ( 

months - (Hospital F 10 4 40.0) L0.2 
( 2.43 T0.1 
(Home 13 1 7.7) 
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type of staphylococcus that had established itself 

iin the hospital environment, but also to see whether 

the strains found when both mother and child were 

infected were usually of the same type. 

Among 41 typable strains isolated from infants 

aged 5 months or less there were 22 different phage 

patterns. This great variety of phage patterns was 

found in all three groups of infants, whether born 

in Hospital C, Hospital F or at home. Although it 

occurred both among penicillin- sensitive and 

penicillin- resistant strains it appeared to be rather . 

less pronounced in the resistant strains; thus only 

14 phage patterns were found among 24 resistant 

strains, and the same number were found among 17 

sensitive strains. The only common type was type 

52A which occurred 8 times among the penicillin - 

resistant strains. No other pattern occurred more 

than twice. Type 52A was particularly sommon in 

strains from babies previously born in Hospital F, 

5 out of 13 strains (all penicillin- resistant) from 

infants in this group belonging to this type. When 

investigating the nurseries of Hospital F (some 

months after the clinic babies in question had been 

born there),phage -type 52A was isolated from the nose 

of one nurse, from 4 out of 8 infants yielding 

typable staphylococci and was found 6 times among 11 

typable strains of Stáph. aureus isolated from the 
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;dust of one nursery. All these strains were 

penicillin- resistant. Barber & Whitehead (1949) 

found type 52A the predominant type of penicillin- 
, 

resistant staphylococcus in The General Lying -in 

Hospital and also found it the second commonest type 

among penicillin- resistant staphylococci isolated in 

other institutions. The results obtained by phage- 
í 

t ing strains from the mothers were very similar to 
Ï 
y1? g y 

those obtained with the infants in the great variety 

lof strains isolated and the failure of any one strain 

to be predominant. 

Strains of Stash_ áureus isolated from 35 pairs 
1 

d 

lof mothers and children were phage -typed to determine 

to what extent mother and infant were infected with 

the same type. The distinction between 'same' and 

'different' types was made according to the conven- 

Itions suggested by Williams & Rippon (1952). Table 

29 (page 197) summarises the results. It can be 

seen that although it is common for mother and 

infant to carry the same type, in an unexpectedly 

Thigh proportion different types were found. The 
6 

occurrence of the same type in mother and child may 

be due to the association of mother and child or to 

infection of mother and child independently with a 

type of staphylococcus common in their community. 

Study of the phage -types carried by 37 mothers 

revealed 23 different types of which 17 occurred once 
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TABLE 2:9. 

Relation of the Pha e t De of Stanh.avreus in the Infant 
to that found in the Mother. 

Group 

Age of the Infants 5 months or less. 

No. of Nó. of 
mother-infant mother-infant 

ap irs z,rith same pairs with 
Lhae tj.pe óf different pha ge 
Staph. aureus t;es of 

Staph. aureus 

Delivered in Hospital F. 5 5 

Delivered in Hospital C. 7 9 

Delivered at Home 7 2 

Total: 19 16 
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only and the most frequent only 7 times. In view 

therefore of the infrequency of most types, it may 

be assumed that most of the mothers and infants with 

the same types carried them through association. 

Staph. aureus in Hospitals C and F. 

Because infants born some months earlier in 

Hospital C had been found to carry a smaller propor- 

tion of penicillin -resistant strains than infants of 

similar age from Hospital F some investigations were 

made in both hospitals to see if an explanation 

could be found. 

Table 30 (page 199) summarises the results of 

nasal swabbing of the nurses, infants and mothers. 

It was thought possible that infants nursed along- 

side their mothers would be less likely than nursery 

infants to pick up resistant strains of Staph.aureus, 

but there was no evidence of this. The high 

incidence of resistant strains in babies swabbed in 

the clinics and previously born in Hospital F is 

understandable when it is seen that all the strains 

isolated from babies in this hospital were resistant, 

but the results do not explain why a much lower 

proportion of strains of Stánh__aureus from babies 

born in Hospital C were resistant. Fortytwo out of 

48 strains of Stáph. aureus isolated from the dust in 

the nurseries in Hospital F were penicillin- resistant 

and phage- typing showed that the predominant strains 
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l , BTN 30. 

Penicillin sensitivitr of strains of Staph.aureus isolated 
from the nose in various groups in Hospitals C.& F. 

Noszital Group No. strains Penicillin Penicillin 

C. Nurses 

F. " 

C. Infants`- 

(a) nursed in 
mother's ward 

(b) Infants=E 

nur sed in 
separate 
nursery 

F. InfanteE 
( a) Nui sery U. 

(b) Nursery D. 

Sta,-)h. resistant sensitive resistant 

aureus Sty; ph. Staph., strains 
aureus aureus 

4 3 1 75.0 

1L;. 12 2 85.7,- 

4 3 1 75.0: 

4 3 1 75.0;': 

4 ) 4 ) 0 ) 
)11 )n )0 100.0; 

7) 7) 0) 

aged one to ten days. 
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in the dust in one nursery were also the ones found 

in the noses of the infants of that ward. 

Discussion. 

The figures that have been obtained for the 

incidence of carriage of Staph. aureus in the noses 

of newborn infants in maternity hospitals are 

similar to those found by other workers. Even in 

42 infants under 2 days old an incidence of 26.2% 

has been obtained and an even higher incidence has 

been found on the hands of infants under 2 days old. 

In one group of 21 infants aged under two days old 

4 had positive noses but 14 had positive hands. 

The writer has more than once isolated Staph. aureus 

from the skin of an infant about two hours after 

birth; one such infant was delivered by 

Caesarean section and therefore exposed to organisms 

much less than an infant born in the normal way. 

These results show that exposure of the infant to 

Staph. aureus is normal immediately after birth. 

The higher incidence on the hands than in the nose 

shortly after birth suggests that the first exper- 

ience of the organism is probably by contact with 

infected hands or objects or from infected dust 

settling on the infant. It seems likely that the 

nose often becomes infected from the infant's own 

fingers, for these readily come into contact with 
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their surroundings and frequently also explore the 

1 

nose. 

After the first two days Staph. aureus becomes 

{ commoner in the nose than the hand, the incidence in 

the nose increasing to 100 per cent in some groups 
' 

of infants by the time they leave hospital, while 

the incidence on the hand tends to fall, possibly 

due to overgrowth by Staph. albus. Hand and nasal 

Í 

carriage are however associated, as is generally 

recognised for adults, and this has been found to 

occur not only in hospital but in the early months 
i 

of life. It is rare to isolate Staph_ aureus from 

the hands when it is absent from the nose. It is 

probable that after the first few days the Staph, 

aureus on the hands is due to contamination from the 

nose and not vice versa. 

The incidence of nasal carriage of Staph.aureus 

in the infants attending Welfare Clinics was similar 

to that found by Cunliffe (1949). Cunliffe 

;examined only a few infants born at home, but his 

¡figures suggested a low incidence. The figures 

obtained in the present work however, suggest that 

!the rate is fairly high even in infants born at home 

and only a few weeks old, although it tends to be 

lower than in infants born in hospital. A lower 

incidence in home -born babies was to be expected but 

the extreme susceptibility of the new -born infant to 

Staph. aureus infection appears to produce a substan- 
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tial carrier rate (about 60%) even in this group. 

During the first year the carrier rate in the 

infants fell to reach a figure much lower than in a 

normal adult community. The low level persisted 

into the second year. The incidence in infants 

born at home fell in the 5 - 12 month age group to 

a level (8.7 %) significantly lower than in the 

hospital -born infants of the same ages. 

Not a large number of mothers have been 

examined while in maternity hospitals, but three 

groups of women examined, totalling altogether 59 

women, had an incidence of nasal carriage of Stánh. 

aureus of 40.7 %, the figures being 37.5 per cent, 

47.6 per cent and 36.4 per cent for three groups. 

These figures are rather lower than those found in 

mothers of infants born in hospital 2 weeks to 2 

months previously and are about the level found in 

a noimal adult community. With the exception of 

the first two months after delivery, mothers had a 

carrier rate similar to that found in adult groups 

(approximately 40 - 60 %) and showed no distinct fall 

over the year. However, in the first two months 

the incidence in the hospital- delivered mothers was 

significantly higher than in the home -delivered 

mothers. This may have been due to infection of 

the mothers by their infants at a time when the 

incidence in the hospital -born infants was higher 

than in the home -born ones. 
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The association of nasal carriage found in all 

groups of mothers and infants attending clinics up 

to 5 months old was most distinct where birth had 

occurred at home, but in the 'Special Home Group' 

there was no evidence of association, perhaps 

because this group suffered from eye infections. 

These findings suggest that in this group infection 

of the infant's nose was not commonly from the 

mother's nose. In infants still in hospital there 

is little or no connection between carriage in 

infant and mother (Cunliffe, 1949; Rountree & 

Barbour, 1950) and association found after leaving 

hospital is probably due to the continued contact 

between mother and infant leading to a mutual sharing 

of a strain of Stash. aureus carried by either. 

Phage- typing showed that although mother and infant 

commonly carried the same type, a rather unexpectedly 

high proportion carried different types. 

Since carriage in mother and infant in the 

latter part of the year was not associated, the 

infants were probably by then often resistant to 

strains carried by the mothers. The low incidence 

in the infants also provided evidence of an increased 

resistance. The development of resistance is 

unlikely to be due to the presence of staphylococcal 

antitoxin in the serum, for by the end of the first 

year the anti- staphylolysin titre falls to a low 
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level (Bryce & Burnet, 1932). Nasal carriage 

tends to be associated with a high anti- staphylo- 

lysin titre (Packalen & Bergqvist, 1947; Bergqvist 

1950). Similarly the low anti - staphylolysin titre 

in infants at the end of one year may be a result of 

their low carrier rate. The possibi]ity has also 

to be considered that resistance is due to specific 

antibacterial antibodies. Experimentally, 

9 
inoculation of staphylococcal vaccines will produce 

agglutinins showing a type -specificity but giving 

pronounced cross -reactions (Lyons, 1937; Cowan, 

1939 a; Hobbs, 1948). However, antibacterial 

antibodies have been regarded as probably less 

effective than antitoxin (Kitching & Farrell, 1936; 

Downie, 193 7), although Cowan (1939 b) found that 

intravenous staphylococcal vaccines produced an 

increased resistance to infection although little or 

no antitoxin was detectable in the blood, but that 

vaccination with Pasteurella,,seudotuberculosis 

produced a similar degree of protection. Lichty, 

Katsampes & Baum (1943) found no fall in the titre 

of staphylococcal agglutinins after birth but in 

view of the probable type -specificity of these anti- 

bodies, the results obtained probably depend partly 

on the particular strain of staphylococcus used in 

the tests. If any of the resistance of infants is 

due to largely type- specific antibodies, one might 



expect resistance to develop towards familial 

strains, leaving the infant susceptible to strains 

acquired outside the home. 

The resistance produced by P. pseudotuber- 
f 

culosis described by Cowan suggests that the 

infants' increased resistance may be non -specific, 

perhaps developing from contact with the normal 

bacterial flora of the body surfaces, or from mild 

infections of various kinds. More probably a non- 

specific resistance may be due to local changes in 

the nose occurring as a result of the normal matur- 

The very high incidence of penicillin- 

resistant staphylococci in infants born some months 

previously in Hospital F suggested that penicillin - 

resistant strains were acquired in the hospital 

itself. This was confirmed when a very high pro- 

portion of strains isolated from nurses, infants 

and nursery dust were found to be penicillin - 

resistant. Similar results have been obtained by 

Rountree & Barbour (1950). Less easy to explain 

is the comparatively low incidence of resistant 

strains in infants born some months earlier in 

another maternity hospital (C). A high proportion 

(75ó) of resistant strains was found in the infants 

in this hospital, both in those nursed in the 

mothers' ward and those segregated in nurseries. 

It was thought that keeping the infants separated 

ing of the tissues. 
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from one another and in close contact with their 

mothers might have reduced the risk of their picking 

up hospital strains of staphylococci, but this was 

not so. The discrepancy between the high incidence 

lof resistant strains in Hospital C and the low 

¡incidence in the clinic babies born earlier in the 

;hospital is not easily explained. The work in the 

,hospital was done some months after the birth of the 

clinic babies and conditions in Hospital C may then 

have changed. Alternatively, and rather improbably,; 

the infants from Hospital C may have been able to 

;clear themselves more quickly of the types of infect - 
z 

ling strains then prevalent in that hospital. That a 
i 

Thigh proportion of resistant strains was still found 

'after some months in infants born in Hospital F is 

evidence that staphylococci acquired shortly after 

!birth may persist for some months without losing 

!their penicillin -resistance. It was thought that 

the high incidence of resistant strains in infants 

from Hospital F might have been due to a widespread 

and persisting strain of staphylococcus in the 

!hospital environment, but phage- typing revealed a 

number of different types in the babies at the 

clinics, and in the hospital itself there was no 

evidence of one strain predominating. 

Mothers attending the clinics showed a higher 

incidence of penicillin- resistant staphylococci when 
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they had been delivered in hospital. Our exper- 

ience agrees with that of other workers (Allison & 

Hobbs, 1947; Cunliffe, 1949; Parker & Kennedy, 

1949) that there is little or no evidence of trans- 

mission of nasal staphylococci from mother to infant 

in hospital. A mother may become infected with 

resistant strains independently in hospital but 

mothers swabbed in Hospital C had a low incidence of 

resistant strains. Rountree & Barbour also found a 

low incidence in mothers in a maternity hospital. 

A mother does not have much time in hospital to 

acquire a fresh strain of staphylococcus. Probably 

in most cases the hospital- delivered mother acquired 

her penicillin- resistant staphylococcus after her 

return home byy infection from her hospital- infected 

infant. 

The incidence of resistant strains even in 

infants born at home is rather high and tends to be 

higher than in their mothers. Some of these 

infants may have been cross -infected in the clinics 

from hospital -born infants. The degree of exposure 

to resistant strains in the clinics was much less 

than in hospital or at home and in the 'Special Home 

Group' where few, if any, of the infants had 

attended a clinic, 4 out of 16 strains tested were 

resistant. If there is a higher proportion of 

resistant strains among the home -born infants than 
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among the population generally, it is perhaps due t 

contact with midwives who have recently been 

associated with maternity hospitals. 

Patients frequently acquire penicillin -resistant 

staphylococci during a stay in hospital or even by 

attending hospital out -patients' departments. 
I 

There is no evidence that the incidence of resistant¡ 

strains has increased yet in the general population 

but there is an obvious risk of gradual infiltration 

of the population by resistant strains derived 

originally from hospitals. The work described here; 

shows how resistant strains may be brought into many! 

homes and may persist for at least some months. 
B 

To what extent these strains are passed on to other 

members of the family is not known. 



209. 

PART III 

EPIDEMIOLOGY OF NEONATAL THRUSH 

INTRODUCTION 

Thrush occurs commonly in the mouth or throat 

of new -born infants and is often regarded as an 

unimportant condition. This is usually true, for 

the lesions are usually small, often undetected and 

may disappear without treatment. Sometimes, how- 

ever, the throat and oesophagus may become exten- 

sively involved (Ebbs, 1938; McNeil, 1940; Reye, 

1941; Lederer and Todd, 1949) and lesions have also 

been described in the stomach and intestine 

(McGregor and Henderson, 1943; Lederer and Todd, 

1949). The thrush lesion may be confined to the 

mucous membrane, but sections may show mycelial 

strands penetrating deeper and metastatic infection 

has occasionally been described (Lederer and Todd, 

1949). The extension of the disease to the 

oesophagus leads to severe dysphagia which may 

cause death. 

Because of the trouble this infection often 

causes in the nurseries of maternity hospitals the 

writer was asked in 1939 to study the mode of 

spread of the infection in the Simpson Memorial 

Pavilion of the Royal Infirmary of Edinburgh. 

Before investigations in the nurseries could be 
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carried out it was necessary to determine the 

characters of the causative fungus in order to 

decide on the most satisfactory method of identify- 

ing it, when isolated from healthy persons or their 

environment. The confirmation of the diagnosis of 

thrush is easy by microscopic examination of wet 

films, which show numerous yeast -like cells and 

branching mycelium (see Figs. 1 and 2, page 210a) 

To identify a yeast -like organism as the thrush 

fungus when isolated from a healthy throat is a much'' 

more difficult problem. 

THE THRUSH FUNGUS 

Classification. 

The early history of the identification and 

classification of the organism or organisms produc- 

ing thrush is highly confused. Certain facts, 

however, emerge clearly. Langenbeck (1839) and 

Berg (1842) first showed the association of fungal 

elements with oral thrush and the fungal origin of 

the disease has since never been disputed. 

The classification and nomenclature of the 

organism producing the condition has proved less 

easy. There has not even been unanimity on whether 

the disease could be produced by more than one 

species of fungus. This was largely due to the 

difficulties experienced by early workers through 

lack of standardised methods of examining these or 
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Fig. 1 

Wet preparation of scraping from oral thrush lesion. 

X 85 

Fig. 2 

As Fig. 1. X 300 
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similar fungi. Probably difficulties also arose 

from contamination of cultures by bacteria or other 

fungi. Fermentation reactions and serological 

methods, later to prove valuable, were not used in 

the early days and the morphological study of yeast - 

like fungi is at all times difficult, owing to the 

marked effect on the appearance of the cells of the 

type of medium, the reaction, temperature and 

duration of incubation. It is not surprising, 

therefore, that the early workers, depending largely 

on morphology, met great difficulties in identifying 

and classifying the thrush fungus. Castellani must 

also be held responsible for confusing the position 

still further by claiming that thrush could be 

produced by a number of different species of fungi, 

mainly on the grounds of different 'sugar' fermenta- 

tions. 

It would be unprofitable to do more than 

mention briefly the subject of nomenclature. Robin 

(1853) described the thrush fungus and named it 

Oidium albicans. The genus Oidium was earlier 

described by Link for the grape -vine mildew and by 

Fresenius for a fungus found in sour milk. Never - 

theless, the term Oidium albicans was commonly used 

in medical literature over a long period. The 

thrush fungus has commonly also been ascribed to the 

genus Monilia. Several genera called Monilia have 



212. 

been described by different early workers to include 

different types of fungi (e.g. Hill, 1751; Gmelin, 

1791; Persoon, 1794). These fungi have now been 

allotted to other groups. In 1851 Bonorden re- 

defined the genus Monilia and made Monilia candida, 

a fungus of rotting wood, the type for .the genus. 

The genus Monilia Bonorden is used at present to 

include M.Candida of wood rot and other related 

saprophytic fungi and it is, therefore, clearly 

inadmissible to include the thrush fungus in the 

group. Nevertheless, workers with these organisms 

up to 1940 generally referred to them as moniliae. 

In 1923 Berkhout set up the genus Candida to 

comprise the group of fungi parasitic on animals at 

that time assigned to the genus Monilia Bonorden. 

This genus was unofficially approved at the 3rd. 

International Conference of Microbiology in 1939, 

and as this term has since been generally adopted it 1 

is proposed to use it here. 

In addition to the genera already mentioned the 

thrush fungus has been attached to a large number of! 

others, although they have never reached common 

usage. (e.g. Endomvices, Vuillemin, Parendomyces, 

Querat and Laroche, 1909; icotorula, Langeron and 
i 

Talice, 1932). The only serious alternative to the 

name Candida for the genus is ,5yringospora 

Quinquaud, 1868. It is claimed that Quinquaud was 

the first to give a clear and recognisable descrip- 
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tion of the fungus and his naming of the genus 

should, therefore, have priority. Quinquaud's 

prior rights have the support of a number of serious 

workers on this group of organisms(Dodge, 1936; 

Conant, 1940; MacKinnon and Artagaveytia- Allende, 

1945; Skinner, Emmons and Tsuchiya, 1947) and it isi . 

possible that Quinquaud's claim may yet be the one 

finally approved. 

Identification. 

The morphology of fungi belonging to the genus 

Candida, of value in assigning them to the genus, 

is not of great help in determining the species. 

Dodge gives the following morphological particulars 

"Colonies creamy, thick and convex, beginning by 

polar sprouting of a blastospore, followed by the 

progressive branching of the pseudomycelium; 

blastospores spherical or ovoid, rarely elongate, 

arranged in simple verticils at the septa along a 

hypha; pseudomycelium formed of short cells, each 

terminated by a verticil of blastospores; terminal 

cell similar, very rarely terminated by a short 

chain; verticils simple, regularly spaced, some- 

times limited to 4 or 6, sometimes in dense 

clusters". 

Several species of Candida have been found on 

mucous membranes and their differentiation has 

proved difficult and has been complicated by workers 
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using different specific names for the same 

organism. 

The work of Benham (1931) is a landmark in the 

differentiation of these yeast -like organisms. 

Although earlier workers (Epstein, 1929; Stone, 

1930; Stone and Garrod, 1931) had had some success 

in the serological differentiation of the thrush 

fungus from allied species, Benham was the first to 

carry out a combined study of the morphology, 

fermentation reactions, serology and pathogenicity 

of this group of fungi. She was able to separate 

off a homogeneous group of fungi that could be 

distinguished from allied species by their mor- 

phology on corn -meal agar, by their negative or 

weak acid production in saccharose, acid and gas 

production with maltose, serological homogeneity 

and marked pathogenicity to rabbits inoculated 

intravenously. Later workers (Stovall and Buboltz, 

1932; Martin, Jones, Yao and Lee, 1937; Jones and 

Martin, 1938) have also found that the organisms 

causing thrush formed a biochemically and sera- 

logically homogeneous group and confirmed Benham's 

findings. The results obtained by these workers 

showed that there were a number of species of fungi 

with various names ascribed to them, largely by 

Castellani, which were in every way identical with 

strains isolated from cases of thrush. Many of 
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these specific names could be regarded as synonyms 

for the specific name for the thrush fungus, at 

that time generally termed T{onilia albicans. 

Conant and his associates (1944) were able to 

collect 172 binomial synonyms for the thrush 

fungus ! It seemed clear also from the results o 

the workers already mentioned that provided care- 

fully controlled laboratory methods were used 

strains of these fungi should give reproducible 

results which would distinguish them from allied 

species. 

It was decided to obtain a number of strains 

of Candida albicans from known cases of thrush and 

also strains of various species of pathogenic yeast 

from the National Collection of type cultures and 

determine whether the work of previous investigators 

could be confirmed, and whether the thrush fungus 

could be reliably distinguished from other yeast - 

like fungi. It was necessary also to determine 

the most practicable method of identifying the 

organism. 

STUDY OF THE BIOLOGICAL CHARACTERS OF 
C. ALBICANS . 

At the start of this investigation it was 

necessary to obtain strains of organisms which had 

already been identified as thrush -producing fungi, 

and which would act as controls with which to 
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compare strains of yeast -like organisms isolated 

from cases of thrush, normal mouths, etc. A 

number of yeast -like organisms were therefore 

obtained from the National Collection of Type 

Cultures. These included a fungus isolated about 

20 years ago from a case of thrush (No.714) and 

12 other yeast -like organisms selected in an 

attempt to obtain a range of different species. 

The 13 organisms were as follows:- 

Endomcopsis albicans (Vuill.). No.4228, 

originally isolated from a case of moniliasis with 

meningeal involvement. 

Endomycopsis albicans ( Vuill.). No. 714, 

isolated from a case of thrush in 1920. 

Candida vul &anis (Bon.). No.2752, received by 

the National Collection in 1928. 

Candida vulgáris (Bon.). No. 922, received by 

the National Collection in 1921. 

tlycotorula psilosis (Ashford). No.2852, 

received by the National Collection in 1929. 

Mycotorula psilosis (Ashford). No.1065, from 

a case of sprue, received by the National Collection 

in 1921. 

Monilia variabilis (Lindner). No.797, isolated 

from the dust of the Underground, received by the 

National Collection in 1921. 

Monilia barapsilosis (Ashford). No.2853, 

isolated by Ashford in Jamaica, received by the 
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National Collection in 1921. 

Monilia parápsilosis. No.3149, received by 

the National Collection in 1930. 

Monilia krusei (Castellani). No.698a, from 

Castellani. Received by the National Collection in 

1920. 

Monilia krusei (Castellani). No.1225. 

Monilia.seudotrmicalis (Castellani). No.2775. 

Received by the National Collection in 1928. 

Monilia sp. No.2505, isolated from the tongue 

in Nairobi. 

1928. 

Received by the National Collection in 

These cultures were compared as regards their 

morphological, cultural, biochemical and serological! 

characters with freshly isolated strains of thrush 

fungi. 

Investigation of certain:yeast -like organisms 
from the National Collection of Type Cultures. 

Morphology. 

A preliminary microscopic examination of wet or 

stained preparations from cultures in fluid or solid 

media showed yeast -like cells of varying sizes and 

shape and with varying amounts of hyphae production. 

Although there appeared to be some differences 

between what were probably different species the 

differences were not at all clear -cut and the type 

of medium, duration of incubation and other factors 
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were found to vary the morphology of the organisms. 

As the study of morphology did not promise to be 

useful it was given up at an early stage. 

Cultural Characters. 

The National Collection Cultures were plated 

out on horse blood agar and Sabouraud's agar and 

incubated at 37 °C. At 48 hours the cultures on 

blood agar were pin -head in size or at most 1 m.m. 

in diameter with the exception of M.variabilis 

(N.C.T.B. No.797) which produced a dry spreading mat 

of mycelium. On Sabouraud's agar better growth was 

obtained and there was more variety in the colonial 

appearances, which were as follows:- 

Org áni sm N.C.T.C. 
Reference 

No. 

Colonial appearances after 
48 hours on Sabouraud's 
medium. 

End.albicans 4228. 1 -2 m.m. diameter, 
matt surface. 

It It 

C.vulgáris 

it It 

714. Pinpoint - 1 m.m. 
smooth. 

rough or¡ 

diameter, 

2752. About 3 m.m. diameter, 
roughly circular, rather 
flat with raised edges. 

922. It tt 

rc, psilosis 2852. About 2 m.m. diameter, 
rather dry matt creamy 
heaped up colonies. 

1065. 2 -12 m.m. diameter, smooth 
creamy colonies. 

M.variabilis 747. Spreading felt of mycelium.¡ 

tt tt 
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N.C.T.C. Colonial appearances after 
Reference 48 hours on S abouraud's 

No. medium. 

M.maransilosis 2853. 1 m.m. diameter, 
umbilication. 

it n 3149. II it 

rougher than No.2853. 

M.krusei 698a. 2 m.m. diameter, flat dry 
spreading growth. 

M.krusei 1225. 2 m.m. diameter, flat dry 
spreading growth. 

M.pseudotropicalis 
2775. Pinpoint - 1 m.m. diameter, 

smooth creamy. 

1Monilia Sp. 2505. 2 m.m. diameter, smooth 
creamy. 

As growth was much poorer on blood agar the 

plates were sealed and incubated for 10 days 

s 
and examined with the following results:- 

I 

Organism Reference Colonial aap earances. 
No. 

End.albicans 4228. Pinpoint to 1 m.m. diameter, 
smooth, circular, under 2/3" 

objective occasional 
strands seen to have grown 
out. 

It It 

C.vulgaris 

II tt 

ac,Rsilosis 

714. As 4228. 

2752. 1 -12 m.m. diameter, with 
mycelial fringe. Under 
2/3" objective colony seen 
to consist largely of 
mycelium. 

922. As No.2752, but mycelium 
less extensive. 

2852. 2 -1 m.m. diameter, marked 
mycelial fringe as No.2752.1 



Organism N.C.T.C. 
Reference 

No. 

Ic.nsilosis 1065. 

220. 

Colonial appearances. 

As No.4228. 

M. araUilosis 2853. 1 m.m. diameter, narrow - 

regular mycelial fringe. 

As No.2853. 
. ti.parapsi losis 3149. 

M.krusei 698a. Pinpoint to 1 m.m.diameter 

d 

no fringe of mycelium. 

9 M.krusei 1225. As No.698a. 

Tg.pseudotropicali s 
2775. Pinpoint', no fringe. 

Monilia Sp. 2505. As No .4228 . 

The cultures were also inoculated to 1% glucose 

broth and incubated at 37 °C for 2 days. Cultures 

Nos.4228, 1065 and 2853 gave a granular deposit with 

a clear supernatant fluid. Cultures Nos.714, 2752, 

922 and 2852 gave a pellicle, a supernatant fluid 

containing floccules and a deposit, No.3149 gave a 

flocular suspension and deposit, Nos.698a and 1225 a 

wrinkled pellicle tending to climb the sides of the 

tube and No.2775 a granular deposit with a hazy 

supernatant fluid. 

Biochemical Characters. 

The National Collection cultures were sub- 

cultured twice on nutrient agar slopes and a loopful 

then inoculated to tubes containing Durham's 

fermentation tubes and 1% peptone water with 1% of 

either glucose, lactose, dulcite, saccharose, 
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mannite, laevulose, galactose, dextrin, maltose or 

raffinose. Neutral red was used as an indicator 

and the pH adjusted to approximately 7.4. These 

'sugars' were chosen either because they were already 

in routine use in the laboratory or because they had 

been used by Benham in her work on moniliae (1931). 

The tubes were incubated at 37 °C and the results 

(obtained at 2, 3, 4 and 7 days shown in Table 31. 

(page 22ía). The results with dulcite and raffinose 

were uniformly negative with all organisms and have 

been omitted from the table. It can be seen that 

the result obtained was often dependent on the age of 

the culture, e.g. with C.vulgáris and galactose, acid 

was present after two days but gas only appeared 

after a further day. On the whole the results were 

most clear cut after 4 days. After that any acid 

and /or gas tended to diminish. Benedek (1943) and 

Skinner (1945) obtained more reliable results with 

high concentrations of sugars and by covering the 

medium with a paraffin or vaseline seal. Their 

papers were published, however, after this work 

was completed. In addition to the sugar tests the 

cultures were inoculated to 10 ml. tubes of litmus 

milk to each of which had been added 0.5 ml. 10% 

calcium lactate and 2 drops of N/1 HC1 (Stovall and 

Buboltz, 1932). The results with this medium also 

appear in Table 31. 
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Liochemi cal Reactions of cultures of i,reast -like organisms 

received from the National Collection stars in peptone wa 

Organism Age of 
culture 
in days 

End.albicans 2 

1:. C. T. C. 4225'. 3 

4 
7 

glucose lactose saccharose mannite 

AG 
AG 
AG 
AG 

End.albicans 2 

N. C. T. C. 714. 3 

4 
7 

AG 
AG 
AG 
AG 

C. vul?aris 
N. C. T. C. 2752. 

2 

3 
4 

AG 
AG 
AG 

7 0 ?G 

C. vulparis 2 AG 
3 AG 
4 AG 

7 A?G 

If. C.T.C. 922. 

nyc. psilosís 2 AG 

T.T. C. T. C. 2$52. 3 AG 0 

o 
0 

o 
o 
o 
0 

o 

o 
o 

0 
o 

o 
o 

o 

0 

o 
o 

4 AG 0 

7 AG 0 

Iiyc. psilosis 2 AG 0 

N. C. T. 0.1065. 3 AG 0 

4 AG 0 

AG 0 

1i. 
para2si losis 2 0 

N. C. T. C. 2853. 3 0 

4 0 

A ? 

A Tr 

A Tr 
A ? 

A 0 
A Tr 
A- ? 

A ? 

AG ? 

AG 0 

AG 0 

AG 0 

A A 

AG Tr 
AG 0 

AG 
AG 
AG 
AG 
AG 
Tr 
A A 
A A 

A ? 

A 
A 
A 
A 
A 
A ? 

A Tr 

A A 
0 o 

o o 

o o 

o o 

o 0 
o o 

o o 

o 0 
AG ? 

AG 0 

AG 0 
AG 0 

Y. parapsilosis 2 
I;.C.T.C.3149. 3 

4 
7 

T. rrusU 2 
3 

4 

IR,.C.T.C.698A. 

r. kr4.is e 2 

N. C. T. C.1225. 3 

4 

M. .2 

N..C. T. C. 2775 3 

.4 
7 

AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG 
AG AG 
AG A 
AG A 
A?G A 

0 
A 
o 
o 
? 

o 

evulose úa.lactose dextrine maltose calcium milk 

? 

0 
o 
? 

AG 
AG 
AG 
?AG 

A 
AG 
AG 
AG 
AG 
AG 
AG 
0?G 

AG 
AG 
AG 
OG 
AG 
AG 
AG 
AG 

li 

A 

H 

A 
A 
A 
A 

AG 
AG 
AG 
AG 

o 
0 
C 

C 

AG 
A?G 
A?G 
09G 
A 
AG 
AG 
AG 
A 

AG 
AG 
?A 

A?G 
AG 
AG 

'AG 

A 

A 

A 

A 

AG 
AG 
AG 
A?G 

A 
A 
A 
A 
AG 
AG 

0?G 
A 
AG 
AG 

0?G 
A 
AG 
AG 

clot on 8th day 
A 2. acid. only 
AG .a acid & gas 
A ?G s acid - very small bubble of gas 
?AG = doubtful acid, gas present 

OG = no acid gas present 

AG 
A AG 
A A?G . A?G 
A AG 
A AG 
A AG 
A AG 
? A?G 
? AG 

AG 
AG 
AG 
AG 
AG 
AG 
A?G 
AG 
AG 
AG 
o 
o 
0 
0 

O 

0 

0 

o 
o 

o o 

o o 

Q 0 

O 0 

O o 
o o 

o o 
o 

o o 

O 0 

O 0 

? 

A 
A 
A?G 
A?G 
A 
A 
A. 

A 
0 

o 

o 

o 

o 
o 

o 
o 
? 

A 
A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
? 

0 
0 
? 

o 
0 
0 

A 

A?G 
A 

0 

0 

0 

0 
0 
al k 
0 
0 
0 
alk 
0 
0 

o 
alk 
0 
o 

o 

C 

o 
o 
0 

o 

o 
0 
0 
o 
0 

0 
0 

Alk 
0 
0 
0 
alk 
o 

A 
A 
AH 

= no .acid or gas 
faint acid - no gas 

= doubtful acidity - no gas 
= no acid -- very small bubble of gas 
m aIkali (to litmus) 

clot. 
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Discussion. 

Cultural examination of these yeast -like 

organisms showed that with the exception of 

P_,variabilis (No.797) which gave an entirely 

different type of growth from the other organisms 

and was, therefore, excluded from further tests, 

the cultures gave approximately the same type of 

growth, although there were some distinct differ- 

ences between the different cultures. Both 

cultures of C.vulgaris and Myç.Psilosis (No.1065) 

gave the same type of growth on blood -agar and in 

glucose broth and also the same sugar reactions. 

This group appeared to be homogeneous and to have 

the characters of the organism known commonly as 

Monilia candida or Candida tropicalis. 

A further biochemical group can be segregated 

consisting of cultures producing faint acid with 

saccharose and producing acid and gas with maltose. 

The cultures belonging to this group are End.albicans 

(4228), End.albicans (714), and M c...psilosis (1065). 

Culturally these strains are not identical, No.4228 

producing rough colonies and the other two smooth 

colonies on Sabouraud's agar, but on blood agar they 

appear to give the same type of growth. The bio- 

chemical characters of this group are the same as 

those given by other workers for M.albicans, the 

thrush fungus (Benham, 1931; Stovall and Buboltz, 
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1932; Martin, Jones, Yao and Lee, 1937; Jones and 1 

i 

Martin, 1938). One of these atrains was originally' 

isolated from a case of thrush. There is there- 

fore good evidence that these three organisms can bet 

described as M.albicans (or Candida albicans - new 

nomenclature). That these fungi did not give quite 

same cultural appearancesis not surprising, for 

changes in their growth characters after prolonged 

labatory culture have been described by a number of 

workers (Conant, 1939; MacKinnon, 1939, 1940; 

Mickle and Jones, 1940a). Mickle and Jones (1940b)Í 

were also able to produce rough variants from 

'smooth' cultures by cultivation in the presence o 

lithium chloride. 

The other cultures examined from the National 

Collection could all be distinguished from the 2 

groups already described by their failure to 

ferment maltose. M.krusei could also be readily 

differentiated by its entirely different type of 

growth on Sabouraud's agar or in glucose broth. In 

this investigation the writer was concerned essen- 

tially in determining the differential characters of 

the thrush fungus, so that attention was paid to the 

characters of related organisms mainly only as far 

as it was necessary to distinguish them from the 

thrush fungus. 
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Characters of recently isolated strains of 
thrush fungi. 

Morgholo_gy__and cultural characters. 

A recently isolated strain of a fungus from a 

thrush lesion was plated out on Sabouraud's agar, 

blood agar and nutrient agar and incubated at 37 °C. 

A duplicate culture was also incubated at 26 °C. 

After 2 days incubation white rather heaped creamy 

colonies were present on all media and at both 

temperatures. The colonies were perhaps slightly 

larger at 26 °C, but there was no marked difference. 

Colonies on Sabouraud's agar were 2 -4 m.m. in diamef 

and on the other two media 1 -2 m.m. After 4 days 

incubation the colonies on Sabouraud's agar had 

grown still larger (3 -6 m.m.), but there was no 

distinct change on the other two media. Wet pre- 

parations of colonies at this stage showed only 

yeast forms. However, when examined after 9 days 

incubation a fine fringe was visible around many of 

the colonies. Under the low power of the micro- 

scope this could be seen to consist of fine branching 

septate mycelium with clusters of oval cells (blasto- 

spores) at intervals. These cultural appearances 

were also found to occur regularly with other 

recently isolated strains. 

Biochemical Reactions. 

The methods already described for testing the 

National Collection fungi were used for examining 
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fresh strains of thrush fungi. Table 32 (page 225a) 

summarises the results obtained with 12 consecutive 

strains freshly isolated from infants. It can be 

seen that the fermentation reactions are the same as 

those given by the two National Collection cultures 

of Endornycopsis albicans and acotorula Psilosis 

(N.C.T.C. 1065) and agree with the findings of the 

other workers on the thrush fungus already cited. 

These results show that the biochemical reactions 

of the thrush fungus are very stable, being the same 

in newly isolated strains as in old laboratory 

cultures. The results also show that, although 

earlier workers had obtained variable results with 

fermentation tests, with the standardised techniques 

now in use the results obtained by different workers 

may be expected to correspond. 

Serological Examination of C.albicans 
and Related Fungi. 

To assist in determining whether the strains 

of fungi isolated from cases of thrush were identi- 

cal and to determine their relationship to the 

cultures from the National Collection antisera were 

prepared. 

Preparation of antigen. 

A recently isolated strain of thrush fungus 

(ÁI10) was grown for 48 hours at 37 °C. on half a 
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TABLE 32. 

Biochemical reactions of 12 freshly isolated strains of the 
Thrush f vn7us . 

?Sugar' Duration of incubation Reaction3E 

in days 

Glucose 1 A to AG 2-3 AG 
7 AG (amount of 7as 

(diminished 

Lactose 1 - 7 No A- no G. 

Dulcite 1 - 7 No A - no G. 

Saccharose 1 0 - A 

2 ? - A 
3 ? -A 
7 ? -A 

Mannite 1 0 - ? 

2 ? - A 

3 A 

7 A 

Lacontose 1 A - AG 
2 - 3 AG 

7 AG - A?G 

Galactose 1 0 - A 
2 ? - A 

3-7 A 

De:strim 1 - 7 A 

Maltose 1 A - AG 

2 -3 AG 
7 AG - A ?G 

Reffinose 1 - 7 0 

Ca milk 1 - 2 0 
3 -5 0 -C 

6 C 

symbols for reactions as in previous table. 

) 
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Sabouraud agar plate and the growth washed off into 

25 ml. 0.5% carbol- saline. The suspension was 

incubated 4 days at 37 °C and then tested for 

sterility by adding a drop to 10 ml. glucose broth. 

One ml., 2 ml., and 3 ml. of this suspension 

were inoculated intravenously to a rabbit on 

successive days. This was repeated one and two 

weeks later. After 12 days the rabbit was bled 

and the serum preserved (serum 26/12/39). A 

stronger antigen was then used consisting of the 

growth on half a Sabouraud agar plate suspended in 

8 ml. carbol- saline. This was given on 3 successive 

days (1, 2 and 3 ml.) 3 weeks after the previous 

course of injections. The rabbit was bled 8 days 

later for serum (serum 15/1/40). 

Sera were made also by the same technique with 

antigen from the strain of thrush fungus M.4. An 

attempt was then made to continue the immunisation 

of this rabbit with live antigen consisting of the 

growth off a. 48 hour Sabouraud slope culture sus- 

pended in 10 ml. sterile physiological saline. 

The rabbit received 0.2 ml. of this antigen intra- 

venously, but its condition at once deteriorated 

and it died 5 days after the injection. A control 
1 

rabbit that had had no previous injections also 

received 0.2 ml. of the same antigen and died three 

days later. At post mortem both these animals 



227. 

showed the same appearances, namely, kidneys with 

congested medulla and cortex studded with yellow 

pinpoint foci which smears showed to contain 

mycelium and which yielded moniliae on culture. 

A further serum was made with strain M3 by methods 

similar to those first used. 

Technique of Agglutination tests. 

Temperature of incubation. 

The homologous organism (M10) was grown on a 

plate of Sabouraud agar for 24 hours at 37 °C and the 

growth washed off with carbol- saline and diluted to 

give a suspension containing approximately 25 

million cells per ml. This antigen was added in 

0.25 ml. quantities to Dreyer tubes containing 0.25 

ml. quantities of doubling dilutions of the anti- 

serum to M10 (obtained on 26/12/39) and to a control 

tube containing 0.25 ml. saline. The series of 

tubes was incubated in a water bath at 55 °C for 1 

hour, shaken by hand for 2 minutes and then read. 

A duplicate test was also put up and incubated at 

37 °C. 

Result: The end point for the test at 55 °C 

was a dilution of 1/320 and the test at 37 °C had an 

end point of 1/640. 

Duration of incubation. 

The anti -serum to M10 was again tested against 



228. 

the homologous organism and also against End,_ 

albicans ( N.C.T.C. No.4228), C.v_ul áris (N.C.T.C. 

No.922) and M.paraRsilosis (N.C.T.C. No.2853), the 

antigens in this experiment being made by scraping 

the organisms off Sabouraud agar, centrifuging for 

a short time to throw down about half the cells and 

then diluting the supernatant suspension to match a 

Brown's opacity tube No.l. Some difficulty was 

experienced in the matching, probably owing to the 

large size of the cells. The tests were put up as 

before and read after 1 hour and 2 hours at 37 °C. 

The tubes were then placed in the refrigerator 

overnight, shaken vigorously and read. The shaking 

was essential because the cells of the antigen 

readily sedimented and the presence of agglutination 

was easily seen when the sediment was re- suspended. 

Results: These are shown in Table 33. It can 

be seen that two hours incubation at 37 °C showed 

much more agglutination than after one hour, and 

leaving the test in the cold overnight also gave a 

slightly higher reading than before refrigeration. 

The table also shows that M10 and End.albicans 

agglutinated equally and that C.vulg,aris gave almost 

the same titre. On the other hand the agglutina- 

tion with M.parapsilosis was distinctly weaker (a 

three -tube difference). 
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Agglutination tests with various fungi and sera.! 

Further tests were then put up using antisera 

against 2 other strains of thrush fungi, M3 and M4. 

These sera were tested against M3, M4 and M10 and 

against the same National Collection organisms as 

before. The same technique was used as in the 

previous experiment but the antigen suspension was 

filtered through cotton, centifuged and a 1/400 

suspension made from the deposit. Table 34 (page 

22a) shows that the M3 and M4 antisera agglutinated 

M3, M4 and M10 and End. albicans to the same titre. 

C.vu garis was also agglutinated to about the same 

end point, which was, however, difficult to read 

owing to some flocculation which occurred also in the 

control. It was difficult to obtain a diffusely 

turbid suspension of this organism due to its ready 

formation of mycelium, and this accounts for the 

difficulty in reading the test. As before 

M.p arapsilosis was agglutinated to a lower titre by 

these two antisera. 

Aa.glutiriin Absoration Exaeriments. 

Absorption experiments were carried out with an 

anti -serum to thrush fungus M4. A preliminary 

experiment showed that a 1/8 suspension of M4 was 

about the minimum amount required to absorb the 

homologous antibodies from an equal value of anti- 

serum previously diluted 1 /10. 
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The M4 anti -serum was then absorbed by the 3 

National Collection organisms used previously. Each 

organism was grown for 48 hours on a Sabouraud slope 

and the washings from the slope centrifuged. The 

deposits were made up in 1/8 concentrations, i.e. 

the minimal absorbing dose. 0.4 ml. of each sus- 

pension was mixed in an agglutination tube with 0.4 

ml. of a 1/10 dilution of the M4 antiserum. The 

mixture was incubated at 37 °C for half an hour, 

shaken and re- incubated for another half hour. 

Each mixture was then centrifuged and 0.2 ml. of the 

supernatant fluid put up with 0.2 ml. of 1/400 

dilution of the absorbing organism. 0.2 ml. was 

used for making doubling dilutions to test against 

the M4. suspension. The series of serum suspension 

mixtures were incubated as usual at 37 °C for 2 hours 

and then left in the refrigerator overnight. The 

unabsorbed serum was also put up in doubling dilu- 

tions against M4. and the three National Collection 

organisms. 

Results: Table 35 (page 230a) shows that End' 

álbiçans and C.,vulgáris reduced the titre of the M4. 

anti -serum from 1/1280 to 1/80 but that 

M.parapsilosis did not lower the titre at all. 

It would appear, therefore, from the direct 

agglutination tests and absorption tests that End. 
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T11 júE 15. 

Absorption of A1F antiserv>>i bT trs ee PTational Collection 

m.oni liae , 

Antiserum Antigen Agglutination end point 

E%{. unabsorbed M4 1280 

EIL unabsorbed E. albicans 1280 

144 unabsorbed C.vulgaris 640 

Z4 unabsorbed <i.parapsilosis 160 

l'L!; absorbed by E. albicans 40 

E,ôlbicans 

1-:T4 absorbed by 114 $0 
E. albicans 

N4 absorbed by C. vul p;aris <40 
C.vvlga-ris 

114 absorbed by 114 80 

C.vulgaris 

1114 absorbed by 1-1. parapsilosis <40 
M. parapsi losis 

E4 absorbed by 14 1280 

1_. parapsi losis 
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albicans and C.vu garis are probably very closely 

related to each other and to the recently isolated 

M4. Other workers (e.g. Benham) have also found 

1 Calbicans and M.candida (C.vulg,aris) serologically 

identical. 

Pathogenicity Experiments. 

Experiments already described have shown that 

intravenous injection of rabbits with freshly 

isolated strains of C.albicans was fatal within a 

few days and autopsy showed well- marked lesions in 

the kidneys consisting of numerous pin -head 

abscesses from which Ç._albicans could be readily 

isolated and showing mycelium on section. These 

findings were in keeping with those of all other 

investigators. As, however, it is not a prac- 

ticable proposition to identify a fungus by its 

ability to kill rabbits (except perhaps under 

special circumstances) it was thought that patho- 

genicity might be demonstrated by the intra- cutaneous 

inoculation of rabbits. 

Intracutaneous inoculation of rabbits. 

The organisms tested were End._albicans 

( N.C.T.C. No.4228), End.albicans (N.C.T.C. No.714), 

C.vulgáris ( N.C.T.C. No.922) and M.parapsilosis 

(N.C.T.C. No.2853). 

{ 
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Each organism was grown for 48 hours on a 

Sabouraud slope and 3 loopfuls of each growth was 

then suspended in 1 ml. of sterile saline. 0.2 ml. 

of the suspension of each organism was injected 

intracutaneously into a rabbit in a depilated area. 

Result: After one week the first strain of End. 

albicans had produced a large raised swelling with 

an ulcerated patch. The second strain produced a 

rather smaller swelling about the size of a large 

pea. C.vulgaris also showed some swelling but it 

was less marked than with the first two strains. 

M.párapsilosis only yielded a small slightly raised 

swelling. 

The experiment was repeated but using 1 loopful 

of culture to 5 ml. saline. The first strain of 

End.albicans, C.vulgaris and M.parápsilosis were 

investigated and Table 36 shows details of the 

results obtained. It can be seen that End.albicans 

produced a greater reaction in the skin than either 

of the other two organisms and the change in the 

skin persisted longer. Further tests were carried 

out using a freshly isolated thrush fungus, the 

results obtained being about the same as with the 

End.albicans culture from the National Collection. 

Inoculation of the organisms killed by incubating 

with carbol- saline produced no skin reaction and the 

skin reaction obtained in an animal that had been 
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TABLE 36. 

Changes in the rabbitls skin followil intradernal inoculation 
of three ;east -like organisms from the National Collection. 

Time after 
inoculation 

1 day 

2 days 

3 days 

4 day's 

5 days 

6 days 

$ days 

End. albi cars C. vtulrgaris ì _. parapsilosis 
(P'. C. T. C.1;.22$) (AJ. C. T. C. 922) (T?. C. T. C. 2853 ) 

Erythema & diffuse as 

swelling about. 1 cm. End. 

in diameter Albicans 

Swelling slightly 
larger, ccore 
induration 

No change 

Swelling more 
circumscribed. 

ri bber r papule 
0.9 cm. in 

diameter 

Diameter 0.8 cm. 
papule more 
prominent 

No change 
rather rubbery 
slightly reddened 
pea-like 
swelling 

smaller - less 
prominent 
diameter 
0.6 cm. 

0 cnan^e 

swelling 
smaller 
(0.7 cm. ) 

(diameter) 

swelling 
further 
diminished to 
0.5 cm. diam. 

No change 

Touch smaller 
slight 
induration 
slight 
reddening 

no 

induration 

as 

End. 

bi cans 

.o change 

swelling 
smaller 

(0.7 cm. ) 

(diameter) 

swelling 
down to 0.5 cm. 

diameter 

No change 

Nuch smaller 
slight 

induration 
slight 
reddening 

no 

induration 
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immunised showed no difference from that in an 

uni_mmunised_ animal. 

It appears from the results of intracutaneous 

inoculation of these fungi that it would probably 

be possible to use the method as an aid in 

differentiating C.albicans from related fungi, 

because it appears to produce distinctly more severe 

lesions. It is interesting to note that even the 

National Collection culture of End.albicans which 

had been grown on laboratory media for a long time 

shows some pathogenicity when inoculated intra- 

cutaneously. As, however, the other characters of 

C.albicans were found adequate to distinguish it 

from similar fungi, it was decided that animal 

inoculation tests were not required normally for 

establishing its identity. 

Proposed Scheme for the Isolation and 
Identification of Candida albicans. 

As a result of the work described above it has 

been possible to work out a practical scheme for the 

isolation and identification of C.albicans. 

Since C.albicans sediments in glucose broth 

culture it could be satisfactorily isolated by 

inoculating the material to be cultured into 1% 

glucose broth and incubating at 37 °C for 2 days. 

Any C.albicans present should be in the deposit. 

The supernatant fluid was, therefore, poured off and 



234. 

a wet film of the deposit examined microscopically 

for yeast -like cells. These could be found with 

the 2/3 in. ob j ective and confirmed with the 1/6 in. 

When yeasts were found the sediment was plated out 

on Sabouraud agar and incubated at 37 °C for 2 days. 

Colonies of C.albicans appeared as circular white, 

creamy colonies several millimetres in diameter. 

A colony was then picked to a nutrient agar slope 

and a blood agar elate and reincubated. 

Jones and Martin (1938) described a species of 

Candida which they isolated from vaginal swabs and 

which could be distinguished from C.albicans by its 

production of small stellate colonies on blood agar 

and by its failure to produce acid from saccharose. 

The writer did not have a culture of this fungus at 

the time, but examination of several strains 

received later from the Baarn Collection confirmed 

these two differential characters. It was to 

assist in identifying this fungus that cultures were 

plated on blood agar. However, this fungus was 

never recognised during the whole of the investiga- 

tion. 

The yeasts isolated were then heavily inoculated 

from the agar slope to peptone water containing 1% 

glucose, lactose, saccharose, maltose, raffinose and 

galactose. The tubes were incubated for 4 days at 

37 °C. C.albicans should give the following 



235. 

reactions - acid and gas with glucose and maltose, 

weak acid with saccharose and galactose, no reaction 

with lactose and raffinose. 

The fungus was also inoculated to a corn meal 

slide culture (Benham, 1D31) and followed daily for 

the development of mycelium. This technique was 

abandoned after testing a number of strains as it 

was not found essential for diagnosis. 

A culture of the fungus was also tested against 

an anti -C.albicans serum by the technique already 

described. This examination was also given up 

after testing 40 consecutive strains, as the other 

methods of identification were proving reliable and 

by serological examination it had been shown that 

C.albicans gave cross -reactions with sera for other 

fungi, e.g. C.tronicalis (C.vulgaris). 

This scheme for the identification of C.albicár 

follows closely that of Martin et al. (1937), and a 

similar one was used by Anderson and her colleagues 

(1944), when they carried out investigations in neo- 

natal nurseries similar to those to be described 

here. 
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HOSPITAL INVESTIGATIONS ON NEONATAL THRUSH. 

Having carried out sufficient laboratory work 

to be satisfied that C.albicans could be readily 

identified in cultures of babies' throats or other 

sites investigations were carried out in nurseries 

in the Simpson Memorial Pavilion of the Royal 

Infirmary of Edinburgh in an attempt to throw some 

light on the epidemiology of neonatal thrush. The 

work done consisted mainly in determining the 

incidence of C.albicans in the newborn infant, the 

factors influencing its incidence and its relation to 

vaginal infection of the mother. The incidence in 

the nurses was also determined. 

Methods_ 

Collection of Specimens. 

Material from the mouth and hands of infants 

was obtained by swabbing except in the early stages 

of the work when a loop was rubbed over the tongue. 

Swabbing was however found to be as effective with 

possibly less risk of the production of trauma of 

the tongue. Faeces was obtained from the napkins 

on swabs. Nipple and vaginal specimens were also 

obtained from mothers by swabbing. When possible 

colostrum or milk was expressed from the nipples 

and taken up at the time of swabbing the nipple. 
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Pooled breast milk was examined by centrifúging abouti 

10 ml and culturing the sediment. 

Isolation of C.albicans. 

The specimens were inoculated to 1% glucose 

broth and incubated at 37 °C for 48 hours. The 

supernatant fluid was then poured off and the 

remaining sediment examined microscopically for 

yeast -like cells. When these were present the 

deposit was plated out on Sabouraud's medium and 

incubated at 37 °C for 48 hours, A typical colony 

of C.albicans (or other yeast -like organisms) was 

then picked to a Sabouraud slope and the organism 

kept for further examination. 

Identification of C.albicans. 

This was carried out according to the scheme 

already described. 

Preliminary_Investigation on C.albicans in 

new -born infants. 

A preliminary investigation was carried out to 

obtain an approximate idea of how commonly 

C.albicans was likely to appear in random culturing 

of infants' throats. The work was begun in a 

hospital nursery at a time when there was no 

clinical evidence of an abnormally high incidence of 

thrush. 
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Six infants were swabbed at random and the 

examinations were repeated at least once on five of 

them. Faeces were also sometimes cultured for 

C.albicans. Table 37 (page 240) shows the results 

obtained. C.albicans was isolated from three out 

of the six infants examined and all the positive 

infants developed thrush 3 - 4 days after the fungus 

was first isolated. It may be significant that the 

three negative infants were all fed solely at the 

mother's breast whereas the three positive infants 

had had pooled breast milk (milk aspirated from the 

breasts of a number of mothers with excess milk or 

not feeding their infants). 

Eleven more infants were then examined. Five 

of these were taken at random among full term 

infants and were swabbed on at least three occasions. 

Only one of these was positive but it yielded 

C.albicans in its faeces when one day old. C.a1Òic,ans 

was isolated from therrouth at 5 days and thrush 

appeared at 7 days. This infant was receiving 

breast milk from its mother the whole time. 

Four of the infants were premature and had been 

some time in hospital. The results obtained with 

them are shown in Table 38 (page 241). Ç;álbicans 

was found in all of them but in two thrush was not 

found to develop. One of these however had had 

thrush two weeks earlier. Another of the infants 

was still carrying the fungus many days after 
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thrush had disappeared from the mouth. Ç.álb cans 

was also found in the faeces of three of the infants. 

All these premature infants were on pooled breast 

milk. 

The other two infants had clinical thrush and 

were also followed by cultural examination. Both 

these yielded positive stools as well as positive 

oral swabs and both continued to give positive mouth 

swabs after recovery from the thrush 

This preliminary investigation showed certain 

trends which indicated lines for further investiga- 

tion. It suggested that there was probably a high 

incidence of C.albicans infection in new -born 

infants, specially premature infants, and that 

thrush usually or always followed a few days after 

the first isolation of C.albicans from the mouth. 

There was also a suggestion that there might be a 

lower incidence of infection in infants fed solely 

at the mother's breast. 

Investigations involving larger numbers of 

infants were then arranged in an attempt to confirm 

these points and to obtain more reliable information 

on the incidence of C.albicans infection. 
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TABLE 37.. 

Incidence of C.albicans in a random sample of six infants in a 
neonatal nursery. 

iln.fant's C.albicans C.albicans Clinical 
nef. in mouth. in faeces Thrush 

l 

Pdó. 

Bl 

(days) 

0 

0 

- 

0 

0 

0 

) Mother's breast 
) the whole time. 
) 

4 

9 

B2 2 0 0 Pooled breast milk 
on 1st day, then 

7 + 0 0 Mother's breast. 

10 + 
Gentian-violet 

0 + treatment. 

B3 5 o 0 ) 

10 0 0 0 ) Mother's breast 
) the whole time. 

14 0 ) 

1g 0 0 ) 

}Pooled breast milk 
BF 10 0 )for 1st 2 days; 

then Mother's breast. 

14 4- - + )C.albicans also 
)isolated from 
) Mother's nipple. 

B5 9 + - 0 

14 + 0 0 Pooled breast milk 
on 1st three days. 

17 - - + Then breast -fed. 

Ig 

B6 6 0 0 Mother's breast the 

whole time. 
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TABLE 38 . 

C.albicans in four premature infants in hospital. 

Ref. _! Oral aecal Thrush Remarks 
ìo. C. albicans C.albicans 

B12 19 + + 

B13 19 0 0 0 

23 + - 0 

27 + - 0 

B14 29 + + 0 

Had had thrush 

33 + - 0 two weeks 
earlier. 

37 + 0 

B15 41 + 

42 + + 

46 0 0 ? due to Gentian 
Violet treatment 

50 + 0 
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Outline of Main Investigation. 

The following groups were studied:- 

1. Fifty mothers were swabbed vaginally in thel 

first stages of labour and oral swabs were obtained 

from their infants when under one day old, 3 - 4 

days old and 7 - 8 days old. These swabs were 

cultured for C.albicans. 

The nipples of fortytwo of the mothers were 

also cultured before suckling of their infants had 

begun, to find out if this was likely to be a source 

of infection to the infant. 

2. To find out whether the incidence of 

C.albicans infection found in the Simpson Memorial 

Pavilion was exceptional the incidence in 58 infants 

aged 8 - 10 days in the Elsie Inglis Memorial 

Hospital was also studied. 

3. As a high proportion of bottle -fed infants 

were given breast -milk that had been pooled from a 

number of mothers with excess, ten samples of this 

pooled milk were examined for the presence of 

C.albicans. 

4. As a result of the findings obtained with 

the pooled breast -milk it was arranged that in 

future it should be heated. To determine whether 

this would have any appreciable effect on the 
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incidence of thrush 22 premature infants were 

cultured regularly for C,albicans before the heat - 

treatment of the milk had become routine. 

About two months after heating of the milk had 

begun 32 more premature infants were followed 

in the same way as the first group and eight months 

later a further 22 premature infants were examined. 

5. As other workers have found C.albicans in a 

considerable proportion of adults, the throats of 

60 nurses in maternity units were cultured for 

C.albicans. The fingers of 42 nurses were also 

cultured for C.albicans. 

6. Attempts were also made to isolate 

C.albicans from the air of the nurseries and 

changing rooms. 

Results. 

Incidence of C.albicans in the mouths of random 
new -born infants. 

Fifty -three infants in the Simpson Memorial 

Pavilion were swabbed orally for C _albicáns when 

under one day old, 4 - 5 days old and 7 - 8 days old. 

One of them was found positive when still under 24 

hours old, 5 more were positive at 4 -5 days and 

by 7 - 8 days a total of 7 infants were carrying 

the fungus (13.25). All these infants developed 
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thrush 2 - 8 days after the organism had first been 

! isolated from the mouth. In one case it was 

possible to fix the incubation period with some 

certainty, for the organism was found on the first 

day of life and thrush appeared on the fourth day. 

In addition to these seven casesshowing 

infection when under 10 days old three more 

developed thrush later before leaving hospital, 

making a final incidence of 18.9 %. 

Twelve of these infants were at least partially 

bottle -fed and three of the twelve were positive for 

C. albicans by the eighth day (25 %), but only 4 out 

of the 41 breast -fed infants showed infection at the 

same age (9.8 %). 

To determine whether this incidence was 

peculiar to the hospital studied,58 infants aged 

8 - 10 days were swabbed orally for C, albicans in 

the Elsie Inglish Memorial Hospital. Six out of 

46 (13.0%) of the breast fed infants were positive 

and 5 out of 12 (41.7 %) of the partly or completely 

bottle -fed, making an incidence for the whole group 

of 18.9 %. These figures are similar to those 

obtained in the first hospital and certainly show 

the much higher incidence of C. albicans in bottle - 

fed infants. These results are summarised in 

Table 39 (page 247). 
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C.albicans innoóled breast -milk. 

In view of the high incidence in bottle -fed 

infants it was thought that possibly the pooled 

breast -milk might be infected with C.albicans, as 

this at the time was not being heat -treated. It 

could readily happen that an infant with thrush 

might suck its mother's nipple, and at the same 

time deposit C.albicans in large numbers. If the 

mother had surplus milk this might then be drawn 

off, mixed with the breast -milk of other mothers 

and this then fed to a number of infants, including 

the great majority of premature infants. 

Culture of 10 samples of pooled breast -milk 

collected at approximately weekly intervals yielded 

C.albicans in 5. 

As a result of this finding the routine heat - 

treatment of the milk was instituted. 

Incidence of C.albicans in premature infants. 

Before heat -treatment of the milk began 21 

premature infants were cultured regularly for 

C.albicans and the fungus was isolated from 18 

(85.7 %) before they left hospital. 

Two months after heat -treatment became routine 

32 premature infants were followed in the same way 

and 21 (65.6 %) eventually became positive. 



246. 

A repetition of the investigation 8 months 

later on a further 22 premature infants produced 

9 carriers of the organism (40.9 %). 

These results are summarised in Table 40. 

(page 247). There appears to have been some fall 

in the incidence of infection following the heating 

of the milk but the incidence was still very con- 

siderable and one cannot be certain that the heat - 

treatment was the factor responsible for the fall. 

In any case it is quite clear that the pool milk 

could not have been responsible for more than a 

rather small proportion of cases of thrush. The 

particularly high incidence in premature infants 

must be at least partially due to their long stay in 

hospital. In one group at least 7 of the 21 

positive infants only became so when over 10 days 

old. 

Relation of neonatal thrush to maternal veinal 
moniliasis . 

C.albicans was isolated from the vaginas of 

10 out of 50 mothers (20 %) when swabbed in the 

first stage of labour. Two of the 10 positive 

mothers had infants carrying Ç.álbicáns in the first 

8 days of life, whereas the 40 negative mothers 

had only 5 positive infants. The incidence 

in infants was therefore lower in mothers without 

vaginal infection (12.5 %) compared with the 
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TABLE 39 . 

Incidence of oral C. albicans in new-born infants 
aged 7 - 10 da-s. 

Groups Do. in No. with 
C.albicans 

A. Hospital I. 

Group. C.albicans 
in mouth in mouth 

Breast -fed 41 ) 4 ) 9.8 ) 

) ) 
Partially )53 ) 7 )13.2 
or solely ) ) ) 

bottle -fed 12 ) 3 ) 25 ) 

B. Hospital II. 

Breast -fed 46 ) 6 ) 13.0 ) 

Partially )58 )11 )18.9 

or solely ) ) ) 

bottle-fed 12 ) 5 ) 41.7 ) 

TABLE 40 . 

Incidence of oral C.albicans in new-born premature 

infants up to the time of leaving hospital. 

Groups No. in 

Group. 

No. with 
C. albicans C. albicans 

in mouth in mouth 

Infants before 
boiling of 
pooled 

breast-milk 

21 18 85.7 

2 months )after 32 21 65.6 

)boiling 
)pooled 

)breast - 

10 months )milk 22 9 40.9 



a48. 

incidence in infants of positive mothers (20 %). 

The difference is not however very great and larger 

numbers would have to be examined if a significant 

difference was to be shown., However C.albicans 

was found in one infant under one day old whose 

mother had a r,ositive vaginal culture. It seems 

most probable that this infant at least was infected 

from its mother. One infant in this series carried 

a cryptococcus at the first swabbing and a similar 

fungus was also found in the mother. This appears 

also to have been an example of transmission from 

the mother. In addition to the cryptococcus yeast - 

like organisms other than C.albicans were isolated 

from three mothers. These were readily distingui 

ed from C.albicans because they fermented either 

none of the test 'sugars' or glucose alone. 

At the same time 42 of the mothers were 

cultured for C.albicans on the nipples shortly after 

the infant's birth but before the infant had been 

put to the breast for the first time. From none 

was the fungus isolated. It appears unlikely 

therefore that the nipples can be a common source of 

infection for the infant. 

C.albicans in the infant's faeces. 

The stools of twenty infants were cultured for 

C.albicans and its presence related to the presence 

of the fungus in the mouth. Table 41 (page 249) 
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shows the results obtained. 

T ABLE__ 41 

Relation of oral to faecal moniliasis. 

Thrush present 

C.albicans in mouth 
no thrush 

Negative mouth 

No. infants No. with 
C. álbicans 
in faeces. 

4 4 

7 4 

9 0 

It seems clear from this admittedly small 

sample that the fungus readily passes through the 

intestine and that it is only found normally as a 

result of the presence of the organism in the mouth. 

It is possible of course that in a larger series 

especially in a series including older infants that 

some intestinal carriers with negative mouths might 

have been found. 

C.albicans on the infants' hands_, 

To determine how readily the infants hands 

could become infected from the mouth and to see if 

the hands were ever Positive before the mouth, 

hand and mouth swabs were taken at the same time 

on 55 occasions. Table 42 (page 250) shows 

the results obtained. Positive mouth swabs 

were obtained 18 times and 9 of these were 

associated with positive hand swabs. No positive 
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TABLE 42. 

Relation of C.albicans in the mouth of the nez-, -born 
to its resence on the hands. 

Groups of infants IJo. positive No. negative Total 
hands hands 

Mouths positive 

Mouths negative 

9 (50-) 9 

0 (c;) 37 

Total 9 

18 

37 ' 

4ó 55 
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hand swabs were found in association with the 37 

negative mouth swabs. 

The throats of 60 nurses working in maternity 

units were cultured for C.albicans and this was 

isolated from 20 of them (33.3%). This high 

incidence may possibly have been due partly to 

contact with infants with thrush although no work 

was done to determine this. The fingers of 42 

nurses were cultured, the swabs being usually taken 

at the time they were feeding infants, and 

CCalbicans was isolated three times. 

Infection of the air. 

The ability of an infant to infect the air was 

tested by holding a blood agar plate 6 - 8 inches 

from the mouth while the infant screamed fifty 

times. This was done with 12 infants. An 

average of less than one colony per infant was 

obtained. 17 Sabouraud agar plates were exposed 

in the nurseries and 6 in changing rooms for 4 

hours but C.albicáns was only isolated once. 

6 Petri dishes containing Sabouraud broth were 

exposed in nurseries for 18 hours, the broth then 

made up to its original volumewith sterile water 

and incubated for 48 hours. The results were 

however negative. These experiments provide no 

evidence that air-borne infection is important in 

the spread of thrush. 
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Discussion. 

The findings described show that C.albicans 

occurs commonly in the mouths of infants in neo- 

natal nurseries. It is much commoner in bottle -fed 

infants and in premature infants. The fungus may 

be found occasionally within a day or two of birth 

but the longer the infant remains in the nursery the 

.higher the incidence mounts. This suggests that 

the risk to the infant is present all the time and 

'would largely account for the high carrier rate in 

;premature infants, for these children usually remain 

in hospital some weeks and in these is found much 

the highest incidence of C.albicans. When infants 

of the same age were compared it was found that there 

was a very much higher incidence of C.albicans in the 

partially or completely bottle -fed infants. This is 

a further important reason why a very high incidence 

was found in premature infants, for they were all 

bottle -fed. 

When infants were followed clinically day by day 

land swabbed at frequent intervals it was evident that 

it was the rule that when C.albicans was found in the 

mouth that thrush would appear in the mouth within a 

few days. 

Other workers have also found a high incidence 

f C.albicans infection in babies, Epstein (1924) . 

' estimating that 54% of the infants aged 2 - 6 weeks 
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old in an infants' hospital were infected and Haler 

(1932) found the organism in 20% of infants in an 

infants' hospital. Since this work was done 

Anderson, Sage and Spaulding (1944) obtained very 

similar incidence of the fungus. (18.7% at 9 - 10 

I 

days) and also confirmed the findings on the 

incubation period for thrush. 

The first essential in determining how thrush 

is spread is to consider the possible sources of 

infection. The most obvious source -is of course the 

infant with marked thrush lesions. The mouth of 

such an infant swarms with yeast cells and their 

dissemination is liable to produce thrush in other 

infants. Experiments have shown that the yelling 

infant projects extremely few organisms into the air.: 

On the other hand C.albicans has been found on the 

J hands of about half the infants carrying the 

organism in the mouth. Positive faeces also occur 

commonly in such infants especially if thrush lesions 

are present. Through the hands and faeces the 

infant can readily infect its clothing and napkins 

land these can then infect the hands of the attendants.. 

The breast -fed infant can also contaminate its 

mother's nipple when feeding and if milk is drawn 

;off from the mother it will become contaminated and 

if unheated may then infect the infants to which it 

is fed. 
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It has been found that C.albicans is present 

several days before thrush appears and is usually 

still present after recovery. An infant may there- 

fore be a source of infection even when there is no 

thrush visible and should be regarded as infectious 

not only during the thrush but for the rest of its 

stay in hospital unless cultural examination gives 

negative results. 

The possibility of the mother being a source of 

infection has also to be considered. The flora of 

the infant's mouth may initially resemble that of 

the mother's vagina (Witkowski, 1935) owing to the 

infant's recent passage through it. It is also 

well known that gonococcal infection of the mother 

can produce an ophthalmia in her infant. C.albicans 

occurs commonly in the adult vagina and may at times' 

produce a vaginitis especially during pregnancy. 

There is therefore a real possibility of the infant 

becoming infected from the mother's vagina. Since 

Haussmann (1875) reported fungus spores in the 

mouths of new -born infants whose mothers were 

suffering from fungal vaginitis a number of workers 

have stressed the possibility of infants being 

infected in this way. Hesseltine, Borts &: Plass 

(1934) and Bland, Rakoff & Pincus (1937) were able 

to produce oral thrush with pure cultures of vaginal'` 

moniliasis. Woodruff & Hesseltine (1938) found an 

incidence of thrush of 21% in infants of mothers 
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with vaginal mycosis compared with 1% of the general; 

infant population of the hospital. Anderson et _al.' 

(1944) also claimed that thrush in infants occurred 

earlier and more commonly when the mother had 

vaginal thrush. The findings in the, present work 

however suggest that if there was a relationship 

between maternal and infant infection it was not 

close. A slightly higher incidence was found in 

infants with positive mothers but the difference 

could easily have been due to chance. It was clear 

that even if the mother did sometimes infect her 

infant this would only account for a small proporti 

of all cases of thrush. This view is also supporte 

by the fact that cultural examinations showed that 

it was not uncommon for the infant to show the 

organism for the first time more than ten days after 

birth. Where much infection is occurring from 

sources other than the mother this will tend to 

obscure any relation that may occur between maternal 

and infant infection. This may account for the 

difference between the results found here and those 

of earlier workers. Anderson and his colleagues 

(1944) make the important point that infection may 

not occur direct from the mother's vagina at delivery 

but from her hands and clothes later. 

As Bland, Rakoff and Pincus (1937) have 

described fungal lesions of the nipple and adjacent 
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breast it was thought worthwhile determining 
fungus 

whether mothers carried the thrush /on their nipples 

before suckling had begun. However C.albicans 

could not be isolated from this site in 42 women 

and it seems very unlikely that the nipple can be 

a source of infection until it has been sucked by 

an infected infant. 

The mouths and faeces of mothers may also be a 

source of infection but these were not studied. 

The results obtained by other workers suggest 

however that C.albicans is common in the adult 

throat. Todd (1937) isolated C.albicans from the 

mouth or throat of 14 of 1,000 adults and Nilsby 

Norden (1949) found the organisms in 28% of 32 

healthy persons and 33 of 42 hospital nurses in 

contact with persons harboring the fungus. 

Figures identical with those of Nilsby and 

Norden for nurses have been obtained as a result of 

throat swabbing 60 nurses. 20 yielded C.albicans 

(33.3 %). In addition it was isolated from the 

fingers of 3 out of 42 nurses. As nurses are in 

constant contact with the infants they may readily 

be contaminated with the thrush fungus for it has 

already been shown that this is common on the hands 

and in the faeces of the new -born. It seems 

most probable that transmission of infection to 

an infant is mainly from an infected infant's 

hands or faeces to the hands of a 
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nurse. From here the organism may either be 

deposited on the hand of another infant which then 

passes it to its mouth or the nurse infects the 

teat of the bottle by handling it or she touches 

the infant's mouth. Neither of these are approved 

practices but by quiet observation they can some- 

times be seen to occur. 

There is also the possibility of the infant 

becoming infected from the dust and air. On only 

one occasion was it possible to obtain a colony of 

C.albicans on exposed plates. Nilsby & Norden (1949), 

obtained three positive plates out of 110 exposed 

in hospital wards and one out of six plates exposed 

to concentratWbefdrSiothes. These results show 

that C.albicans is only present in small numbers in 

the air and suggests that air -borne infection with 

C.albicans is not common. 

It seems most probable that the bulk of cases 

of thrush in a neonatal nursery are due to spread 

from other infected infants through the medium of 

the nurses'hands. Even if this could be eliminated 

by perfect nursing technique C.albicans might still 1 

reach the infants from infected mothers, but under 

present conditions this only occurs in a small 

proportion of cases. 
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PART IV. PHARYNGEAL INCLUSION BODIES IN NEW -BORN 
INFANTS, 

INTRODUCTION. 

Inclusion bodies in the cytoplasm of 

pharyngeal epithelium have been described by Adams 

and his co- workers in infants suffering from neo- 

natal pneumonitis (Adams, Green, Evans and Beech, 

1942; Adams, 1948a, 1948b). Smears made from the 

bronchi at autopsy of some of these infants showed 

well- marked eosinophil cytoplasmic inclusion bodies. 

Smears of the pharynx also showed similar inclusion 

bodies although these appeared to be, on the whole, 

more numerous and more variable in size. Similar 

inclusion bodies found in certain virus diseases 

are normally regarded as colonies of virus 

particles. Adams therefore regarded these 

inclusions as .probably of significance in the 

diagnosis of his cases of pneumonitis. This view 

was supported by the fact that when smears from 

the throats of healthy infants were examined, in 

only a small proportion could inclusion bodies be 

found. 

Broadhurst and her co- workers (1936, 1943) and 

de Berardinis (1948) have also described similar 

inclusion bodies in a proportion of the throats of 

adults. The inclusions were said to be associated 
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with mild upper respiratory tract infection. All 

the workers so far mentioned tended to regard these 

inclusions as viral in origin and as probably 

related to respiratory tract infections. This 

belief was further strengthened by the claim of 

Broadhurst and her colleagues (1938) to have 

produced inclusion bodies in monkeys, chick embryos 

and tissue cultures inoculated with material, 

including filtrates, from 'carriers'. 

In March 1949 the writer was asked to assist in 

the investigation of an epidemic of pneumonia in the 

:infants in the neonatal nurseries of Highbury 

!Hospital, Nottingham. Eleven cases of pneumonia 

had occurred at intervals over the previous month 

and there had been three deaths. The infants were 

mostly not very acutely ill, but were obstructed by 

tenacious mucus and the illness tended to be pro- 

longed. As the clinical picture did not resemble a 

bacterial infection and as penicillin and later 

aureomycin had no effect a viral origin was suspected: 

In view of Adams' findings in what appeared to 

be clinically a similar type of illness, after 

"obtaining no significant results from routine 

cultural methods for bacterial pathogens the writer 

stained smears from the throats and found rather 

scanty eosinophil inclusion bodies in 3 of the 4 

cases still in the nursery. There were only doubt- 

ful inclusions in the fourth case. Because of 
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these findings it was provisionally assumed that 

these infants were suffering from the neonatal virus 

pneumonitis described by Adams and that the 

inclusions were related to the disease. 

When the other infants in the nursery were 

examined, pharyngeal inclusions were found as 

regularly as in the sick infants, some of the 

healthy infants showing much larger numbers of 

inclusions than the sick ones. Similar results 

were also obtained when infants in unaffected 

nurseries in the same hospital were studied. 

Because these findings did not correspond with 

those published by previous workers, and to avoid 

as far as possible dealing with infants with neo- 

natal pulmonary infection or with their contacts, 

careful investigations were carried out in another 

Maternity Hospital in Nottingham and in two 

hospitals in Edinburgh. Smears of babies' throats 
1 

were also examined a year later in the hospital 

that had had the epidemic of pneumonia and this 

time smears from the mothers were also examined. 

It was also possible to examine sections of 

the tongues of some foetuses and infants dying 

within a few days of birth and thus determine the 

part of the mucous membrane which carried the 

inclusions. 
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METHODS. 

When the investigations began the writer had no 

previous experience of this type of work and the 

most satisfactory technique had to be developed as 

the work progressed. The problems of technique 

consisted essentially of determining the most suit- 

able way of collecting the material from the throat 

and of making, fixing and staining smears. 

Collection of specimens. 

Satisfactory material could be obtained by 

swabbing the tongue or throat with an ordinary 

throat swab, but if the smears were made after 

return to the laboratory they tended to be dry, and 

as a result the epithelial cells in the smears were 

liable to be rolled, distorted or broken up. They 

were also much fewer in number. This difficulty 

was overcome by immersing the swab in a small 

quantity of saline at the time of swabbing, shaking 

up the swab in the saline at the laboratory and 

making smears from the centrifuge deposit. 

Alternatively the swabs were gently rolled on 

slides and air -dried at the bed -side. This method 

was usually found the most convenient but the use of 

the centrifuge deposit was an advantage when large 

numbers of similar smears were required for compar- 

ing different staining methods. 
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Fixation of smears. 

Fixation with Bouin's fluid, Schaudinn's fluid, 

methyl alcohol and by careful heating were compared. 

No method was found distinctly better than another. 

Heat fixation was the method finally 'adopted because 

of its simplicity. 

Staining technique,. 

Adams and his colleagues used haematoxylin and 

eosin for staining their inclusion bodies, and this 

was, therefore, the method that was first used. 

The results were not very satisfactory as the 

inclusions appeared a very pale pink so that they 

were not easy to distinguish with certainty from 

other cell contents. Mann's methyl -blue eosin 

method was then compared with the haematoxylin and 

eosin stain. This was found to stain the inclu- 

sions very vividly. At its best the method yielded 

bright red inclusions contrasting with the bluish 

nucleus and cytoplasm. Some batches of stain, 

however, gave less satisfactory results, the 

inclusions appearing blackish- purple. 

Lendrum's phloxin- tartrazine stain (1947) was 

then tested and found to give very distinct dark 

red inclusions, the nuclei of the epithelial cells 

staining violet -blue and the cytoplasm yellowish. 

This stain was found to give much the most reliable 

results. It was used as laid down by Lendrum with 

the exception that Ehrlich's haematoxylin was larg 
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ly used and the phloxin was only allowed to act for 

about ten minutes, as the prescribed thirty minutes 

often tended to make the process of differentiation 

with tartrazine too long. If there was overstain- 

ing with haematoxylin the inclusion bodies stained 

darker and were more purple. 

In addition to the above staining technique a 

good deal of experimenting was done with the method.st 

given by Broadhurst et. al. (1936). None of these 

were found as good as Lendrum's technique. The 

most useful was found to be a nigrosin method which 

stained the inclusions any shade of grey to jet - 

black. 

Histological methods. 

Tissues were fixed in 5% formol- saline and 

stained by Lendrum's method. This gave very good 

results. 

Microscopy. 

The 1 /6th inch objective with a low power 

ocular gave sufficiently high magnification for 

routine purposes. For a rapid search for inclusions 

the 2 /3rds inch objective was the most useful, 

using the 1 /6th inch to confirm the findings. Under 

the phase- contrast microscope the inclusions were 

clearly visible but little further information could' 

be obtained. It was not found valuable for the 

routine examination of smears. 
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Aaearances of inclusion bodies. 

in smears. 

The inclusion bodies were found in the cytoplasm 

of the epithelial cells of the pharynx and buccal 

cavity, the affected cells appearing in other ways 

quite normal. The number of inclusions in a cell 

varied from one to over twenty and were very 

variable in size (Fig. 3). Several inclusions 

(about 2 - 5) were commoner to find than single ones 

or large numbers (Fig. 4). When many cells were 

affected there seemed to be a tendency also to have 

a larger average number of inclusions per cell and 

the distribution of the affected cells in the smear 

was often very irregular. There was a tendency for 

the affected cells to occur in clusters or sheets 

(Fig. 6) while neighbouring groups of cells were 

free of inclusions. 

The inclusions varied in size from granules less 

than l/ in diameter to bodies of about 6" in 

diameter, but inclusions larger than 3 or 4,/,t were 

uncommon. When large numbers of inclusions were 

present in a cell there was usually great variation 

in their size (Fig. 3). Table 43 shows the numbers 

of inclusions found in cells from the throats of 

five infants taken at random and also the frequency 

of small and large inclusions. The inclusions were 
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PHARYNGEAL INCLUSION BODIES 

FIG. C.-Pharyngeal smear from 
new - born infant showing 
characteristic appearance of 
inclusions in three epithelial 
cells. Mann's methyl blue -eosin 
stain. X 550. 

PLATE CXIX 

J. 
FIG. ì.- Pharyngeal smear from 

eleven - day -old infant showing 
an epithelial cell with numerous " 

inclusions, including a large one 
indenting the nucleus. Acid 
hæmalum phloxin - tartrazine. 
X 550. 

S 
FIG. *- Pharyngeal smear from 

ten - day -old infant showing cell 
with two inclusions with bipolar 
arrangement. Acid hnmalum 
phloxin- tartrazine. X 550. 

- I 
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PHARYNGEAL INCLDSION BODIES 

Fm. 5 - Pharyngeal smear from 
four -day -old infant showing 
inclusions in a number of cells, 
including three with the inclu- 
sion close to the nucleus. The 
nucleus is indented in one of 
these cells. Acid hnmalum 
phloxin- tartrazine. X 550. 

PLATE CXX 

Fm. -4-.-Pharyngeal smear from 
two - day - old infant showing 
numerous inclusions through- 
out a clump of epithelial cells. 
Acid hnmalum phloxin- tartra- 
zine. X 550. 

Fm. 6 - Section of tongue of 
new -born infant showing cyto- 
plasmic inclusions in the surface 
layer of cells. Iron hnma- 
toxylin phloxin - tartrazine. 
X 1000. 
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usually round but sometimes oval or elongate. They 

could occur in any part of the cell but the larger 

ones tended to be near the nucleus which they some- 

times indented (Figs. 3, 7). A characteristic 

appearance was that of 2 inclusions of moderate size 

on opposite sides of the nucleus (Fig. 5). It has 

not been possible to distinguish any structure in 

the inclusions, but a distinct surrounding halo is 

occasionally seen or a clear space at the centre of 

the inclusion. 

The inclusions were eosinophil and fuchsinophil 

and also stained with haematoxylin, nigrosin, methy- 

lene blue and Giemsa's stain. They were gram - 

negative, gave a negative Feulgen reaction and did 

not stain with the periodic -acid- Schiff technique or 

with Sudan Black B. Lendrum' s stain was, however, 

the most useful stain in demonstrating the inclus- 

ions. 

When incubated with trypsin or pepsin they 

could be observed under the phase -contrast micro- 

scope to disintegrate slowly and they were then 

found to be unstainable. 

In wet unstained preparations the inclusions 

were also visible as rounded bodies of about the 

same refractility as the nucleus and by pressure on 

the coverslip it was sometimes possible to move the 

inclusion partially in the cell. 
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In sections. 

Sections of tongue stained by Lendrum's method 

were examined from stillborn foetuses of 16 weeks, 

28 weeks and 30 weeks, and from one stillborn infant 

a few weeks premature. Tongue tissues from two 

infants dying a few days after birth were also 

examined. In the 16 week foetus no inclusions 

could be found, but in the other foetuses or newborn 

infants inclusions similar to those found in 

smears were present in some of the cells in the 

most superficial layer of epithelium. They did not 

occur uniformly in this layer but appeared at inter- 

vals along it and the affected cells tended to occur 

in groups. The inclusions were least numerous in 

the 28 week and 30 week foetuses. Fig. 8. shows 

the characteristic appearances and situation of the 

inclusions. 

Incidence of inclusion bodies. 

As already stated investigations in Highbury 

Hospital,whsre the epidemic of pneumonia that 

initiated this investigation occurred, yielded a 

high proportion of normal infants with inclusion 

bodies in their pharyngeal epithelium. The tech- 

nique of collecting material and of staining the 

slides was at this time still being developed and 

therefore the results were less reliable than those 

obtained later. Most of the smears obtained here 

were stained both by haematoxylin and by Mann's 
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method. However, inclusion bodies were found in 

26 out of 31 infants and the remaining five infants 

were noted as doubtful. Even with inefficient 

methods it was clear therefore that the majority of 

infants carried inclusions in their throats. 

The investigation was then transferred to the 

Firs Maternity Hospital, Nottingham, where 21 

infants were swabbed at one visit and their smears 

stained by Mann's method. All the smears were 

positive for inclusion bodies (Table 44. page 271). 

The writer then carried out a similar survey 

in the Elsie Inglis Memorial Hospital in Edinburgh 

and again found positive all of the 16 infants 

examined. These results are summarised in Table 

44., which also gives some indication of the fre- 

quency with which affected cells were found. The 

percentages found in different infants has not been f 

given because owing to the irregular distribution ofi 

the affected cells, any figures obtained would not 

be very accurate. j 

It was clear by now that whatever the origin of 

the inclusions they were universally present in new- 

born infants. There was also some evidence that 

the inclusions could be present at birth. For two 

infants in the Edinburgh series, swabbed at birth, 

were positive and a further two infants (twins) 

swabbed later at the same hospital were also positiva 
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at birth. It was therefore apparent that if the 

inclusions were due to virus infection this could 

occur before or during birth. 

Investigations were continued at the Simpson 

Memorial Pavilion, this time swabbing a small 

number of randomly selected infants, but doing so 

as soon after birth as possible and repeating the 

examinations at short intervals. Table 45 (page 

274) shows the results obtained. It was thought 

that if virus infection had occurred there might be 

evidence either of a progressive increase in the 

inclusions day by day or alternatively evidence of 

some cyclic variation. However, as can be seen 

from the table, there is no sign of this. All the, 

eight infants followed had inclusion bodies even 

when a few hours old. The proportion of affected 

cells varied from infant to infant but the day to 

day incidence of affected cells in any infant 

remained on the whole about the same. 

To exclude the possibility that the infant 

might be infected from the vagina during labour, 

smears were obtained from six infants immediately 

after delivery by Caesarean section. Inclusions 

were found in this group of infants as well. 

Adams (1948a) found inclusion bodies in 

several infants with respiratory symptoms a few 

hours after birth. Inclusions were also found in 

the mothers' throats. He concluded from these 
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findings that the mother must have transmitted a 

viral infection to her offspring. 

To see if any relation could be found between 

the incidence of inclusions in infants and their 

mothers, 18 infants and their mothers were examined 

and the incidence of inclusions in the throat of 

each determined. Table 46 (page 276) shows the 

results obtained. It is quite evident that 

inclusions are much scantier in the mothers and that 

. there is no relation between the proportion of cells 

affected in mother and infant. 

A comparison was also made of the incidence of 

inclusions in mouth and throat swabs as it was 

thought that variation in the number of inclusions 

found might depend on how much the tongue was 

touched when the throat was swabbed. Table 47. 

(page 277) shows the great variation that was 

obtained from infant to infant and the much higher 

incidence found in the tongue swabs. Table 48 

(page 278) shows the results obtained with twelve 

adults. It can be seen that inclusions were found 

in the throat in ten out of the twelve, and in all 

the adults inclusions were found in the tongue 

smears, the average incidence of affected cells for 

the whole group being more than twice as great in 

the tongue as the throat. In Table 44 (page 271) 

it can also be seen that tongue smears showed a very 

much higher proportion of affected cells, 62.9% of 
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the infants having over 20% of their pharyngeal 

epithelial cells affected. 

Inoculation of tissue cultures and chick embryos. 

In'view of the claims of Broadhurst and her 

fellow workers to be able to produce inclusion 

bodies in tissue cultures and on the chorio- 

'allantoic membranes of chick- embryos by inoculating 

material (including filtreates) from the throats of 

persons with many inclusions in their throats, an 

attempt was made to repeat this work. 

Swabs from infants were emulsified in saline 

containing approximately 100 units each of penicillin 

and streptomycin and a drop was inoculated with a 

capillary pipette to the 'dropped' chorio -allantoic 

membrane of a chick -embryo that had been previously 

incubated 9 - 12 days. Material from one infant 

was distributed In this way to several chick -embryos 

and the embryos reincubated and examined at varying 

intervals. At no stage, however, was there any dis 

tinct sign of lesions on the membrane and no inclu- 

sions could be found when the membranes were examined 

histologically. 

Tissue Culture. 

Tissue cultures were also made by the double 

coverslip technique described by Cameron (1950) and 

were inoculated with penicillin and streptomycin 
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treated material from the throat. It was not found 

possible to produce any inclusion bodies similar to 

those described by Broadhurst et al. (1938). 

Centrifuge deposit of throat washings was also sus- 

pended in a small quantity of a penicillin and 

streptomycin solution and mounted in a drop of 

ETyrode- chick -plasma- embryo extract medium on a 

coverslip and the epithelial cells from the throat 

watched daily. Although it was possible to see 

inclusions in the epithelial cells from the throat 

no change of any kind could be seen to occur during 

incubation and when the cells were stained after 

several days incubation they were indistinguishable 

from cells direct from the throat. 

As a further experiment fragments of rabbit 

cornea were also cultured on a coverslip by tissue 

culture technique. No throat i..noculum was added to 

the culture. After staining by Lendrum's method a 

preparation that had been incubated for seven days, 

a few of the cells were found to contain round dark 

staining inclusions usually close to the nucleus. 

It was clear from this that inclusions could appear 

in uninoculated tissue cultures. Cultures of chick 

heart fragments made previously also showed eosino- 

phil inclusions in some preparations. These; how- 

ever, were only found in cells with disintegrating 

nuclei and appeared to be nucleoli that had survived. 
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At about this time certain publications were 

encountered which throw a new light on the signifi- 

cance of these inclusion bodies and appeared to 

explain their nature. These preliminary chick - 

embryo and tissue culture experiments therefore were 

terminated as unlikely to be fruitful. 

DISCliSSION. 

The finding of eosinophil cytoplasmic inclusions 

in cells naturally arouses the suspicion that these 

are viral in origin, for in a number of virus infec- 

tions such as rabies and variola characteristic 

inclusions are found that are of significance in the 

diagnosis of these diseases. Inclusions have been 

found in certain pathological conditions which are 

certainly not due to viruses, e.g. following the 

injection of guinea -pigs with certain aluminium, 

carbon and iron compounds (Olitsky 

They have also been found in 

ally children, for instance 

glands of 12% of infants 

1932). The 

and 

healthy 

in the 

Hartford, 

persons 

193; 
especi- 

submaxillary 

examined (Farber & Wolbach, 

inclusions produced by physical and 

chemical agents and those found in human tissues 

unassociated with a known virus infection, unlike 

the ones described here, have usually been intra- 

nuclear with or without accompanying cytoplasmic 

inclusions. 

Adams and his co- workers (1942, 1948a, 1948b) 
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found eosinophil cytoplasmic inclusion bodies in 

the tracheal and bronchial epithelium of infants 

who had died from what was thought to be a virus 

pneumonitis. The inclusions were also found in the 

pharyngeal epithelium of the infants.. The appear- 

ances of these inclusions naturally roused the 

suspicion that they were viral in origin and related 

to the infant's infection. This suspicion was 

fortified by the finding of a much lower incidence 

of healthy infants with pharyngeal inclusions (10% 

compared with 85% of sick infants). 

Broadhurst and her co- workers (1936, 1938, 1943) 

found inclusions in the throats of a variable pro- 

portion of adults (8á to over 30% in their 1936 

paper to 65 in their 1943 paper) . These inclusions! 

seemed to be similar to those described by Adams and 

to be commoner among persons with mild upper 

respiratory tract symptoms. In addition, Broadhurst 

and her colleagues also claimed to have been able to 

produce inclusion bodies in moneys, chick -embryos 

and tissue cultures by inoculating them with material 

fror the throats of 'carriers' even after the 

material had been filtered. 

However the results of the investigations 

reported here throw considerable doubt on the 
- 

relation of these inclusions to disease; for they 

have been found in all of over 100 healthy new -born 
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infants including infants at birth (either by 

natural processes, or by Caesarean section). They 

have also been found in stillborn and premature 

infants. Histological examination showed that these 

inclusions were limited to groups of cells in the 

most superficial layer of the mucous membrane of 

the buccal cavity. The inclusions were also found 

in 31 out of 32 adults examined, but they were much 

fewer and less easy to find, partly perhaps owing to 

the larger numbers of bacteria and food debris 

present. The universality of the inclusions makes 

it most improbable that they are viral in origin, 

for it would imply that every infant is born carrying 

a virus infection. Moreover it was impossible to 

confirm Broadhurst's claim that tissue cultures and 

chick -embryos could be infected with inclusion 

bodies. Results helping to support these conclus- 

ions have 

found inclusions 

whether they had pulmonary infections or diseases of 

other. systems. 

A more satisfactory explanation of the nature o 

the inclusions is available. The cells of the 

stratum granulosum of the skin contain large numbers 

of granules (keratohyalin) and a few are also found 

in the most superficial cells of the Malpighian 

layer. These granules stain in the same way as the 

since been published by Macaulay (1951) who 

in over half the infants he examined! 
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inclusion bodies under discussion. It is probably 

significant that Mallory (1938) refers to a nigrosin 

technique for staining these granules and nigrosin 

has also been found useful for the pharyngeal inclu- 

sions. In the mouth and throat the stratum corneum 

is normally absent and a rudimentary stratum 

g,ranulosum lies close to the surface. It seems 

probable that the cells found in smears to contain 

inclusions come from this layer. 

Ludford (1924 -25) claimed that in the Malpighian , 

layer of mouse skin the nucleoli were extruded into 

the cytoplasm where they swelled and fragmented to 

form keratohyalin granules. The earliest change 

described by Ludford was the appearance of one or 

two nucleolar extrusions in the cytoplasm close to 

the nucleus, sometimes conspicuously indenting the 

nucleus. These appearances correspond very closely 

to those found in tongue smears. The nucleoli show 

the same staining characters as the inclusions. It 

would seem reasonable to explain the inclusions as an 

early stage in the formation of keratohyalin, 

possibly resulting from nucleolar extrusion. 

With regard to the reported finding of inclu- 

sions in chick embryos and tissue cultures inoculated 

with throat material, it may be noted that Golds- 

worthy and Moppett (1935) and D'Aunoy and Evans (1937)¡ 
f 

have described inclusions in chorio- allantoic 
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membranes not inoculated with viruses. Drew (1922) 

found that embryo skin cultures after 5 - 6 days 

began to show signs of keratinisation and Lewis 

(1922) described nucleolar extrusions in old tissue 

cultures of endothelial cells. Fischmann and 

Russell (194) also described intra- nuclear inclusions; 

developing in tissue cultures of human foetal lepto- 

meninges and in fibroblast cultures from human 

foetal lungs. In some preliminary tissue cultures 

carried out in the present work spherical inclusions,; 

one or two to a cell, were found in some of the cells' 

of rabbit corneal epithelium after seven days' 

tissue culture. These various reports suggest 

therefore that inclusions such as those described by 

Broadhurst in tissue cultures are to be found in 

normal cells. 
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PART V 

GENERAL SUMMARY & CONCLUSIONS. 

PART __I 

The thesis was introduced by a review of the 

general field of infections in early infancy from 

the bacteriological and epidemiological point of 

view. It was shown how the infant might become 

infected during intra- uterine life or during birth 

and how in the first few days the normal bacterial 

flora became established. The special features 

of the infant's resistance (or susceptibility) to 

infection were then discussed and some of the 

special features of common infections in infancy 

described. The review concluded with a discussion 

of the transmission and prevention of infection in 

small infants. 

PART II 

In Part II of the thesis investigations on the 

epidemiology of staphylococcal infections in infancy 

were described. The results of these investiga- 

tions may be summarised as follows. 

Section_I.,(l) Investigations on the production 

and use of staphylococcal phages showed that they 

were valuable for dividing strains of stapñylococcus 
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äureus into numerous types. 

(2) Epidemiological investigations 

using: these phages showed: 

(i) that in a pemphigus outbreak 

all the lesions were infected with one type of 

Staph.aureus: 

(ii) that in this outbreak, 

although many nurses were nasal carriers of Stull, 

aureeuus, only one carried the epidemic strain: 

(iii) that in another outbreak 

one strain of Staph.aureus predominated among the 

nurses and was also found in the infants in the 

nursery but the strain from the only pemphigus 

lesion available for culture was of a different type: 

(iv) that in a nursery in the 

absence of an epidemic of staphylococcal infection 

a number of different phage types of staphylococci 

were present in the noses of the infants and these 

types persisted during the infants' stay in the 

nursery. Fresh infants arriving in the nursery 

became infected mainly with phage- resistant strains 

of Staph.aureus so that in a very short time these 

had largely replaced the strains previously present. 

It is concluded that phage typing 

of Staph.aureus is a very valuable tool in studying 

the complex problem of the spread of staphylococcal 

infection and holds out great promise for future 

investigations. 
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Sectión_Il, Experiments leading up to the 

construction of a solid medium that would give 

distinctive colonies of Staph.aureus and would 

largely suppress other organisms in heavily con -` 

taminated material have been described. It was 

shown that Staph.aureus was relatively resistant to 

potassium tellurite and an alkaline medium and that 

itsrowth was rather selectively stimulated by 

mannite. Enterococci grew rather readily on the 

medium until it was found that the addition of 

lithium chloride suppressed them. 

Field trials with the medium showed that the 

colonies of Staph.aureus were usually very distinc- 

tive and that other organisms were either partially 

or completely inhibited or were easily distinguished 

from St ph.aureus. The medium tended however to be 

rather inhibitory to Staph.aureus so that some 

colonies of it might be suppressed. This dis- 

advantage was however outweighed by the fact that in 

heavily infected material Staph.aureus would have 

been completely overgrown. The medium proved use- 

ful in isolating Staph.aureus from infants' hands. 

Section III. Figures obtained over a number of 

years on the incidence of Sta h.aureus in infants, 

their mothers and nurses have been collected 

together, and the following results obtained. 
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(1) Staph.aureus could be isolated 

commonly from the nose of infants within 48 hours of 

birth and the incidence reached 80 - 100¡ by the 

time the infant was 10 days old. 

(2) In the first 48 hours. of life Stash 

áureus was found more commonly on the infants' hands 

than in the nose but in the next few days a close 

relationship developed between nose and hand 

carriage. After leaving hospital and in the first 

few months of life nasal carriage of Staph.aureus 

was much commoner than hand carriage but there was 

a close connection between them. It was rare to 

find a hand carrier with a negative nose. 

(3) The nasal carriage rate in nurses 

attending the infants was approximately that of the 

general adult population. 

(4) The nasal carriage rate in mothers in 

maternity hospitals was also approximately that of 

the general adult population. 

(5) In a small series of 12 mothers the 

milk of 11 mothers yielded Staph.aureus sooner or 

later before leaving hospital. 

(6) Nasal swabbing of 530 infants aged 2 

weeks to 2 years showed that there was a steady 

decline in the nasal carriage rate for Staph.aureus 

to reach a point towards the end of the first year 

distinctly below that for normal adults. 
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(7) In the first 2 months of life infants 

who had been born in hospital showed a much higher 

incidence of nasal carriage than infants born at 

home. A similar difference was also present in the 

latter part of the first year. 

(8) Mothers delivered 2 weeks to 2 months 

previously had a higher incidence of Staah.äureus in 

the nose when delivered in hospital than when 

delivered at home. After 2 months the incidence 

was similar in both groups of mothers and approxi- 

mated to the normal findings in adults. 

(9) While still in hospital there was no 

relation between nasal carriage in mother and 

infant but in the first few months after birth 

carriage in the infant tended to be associated with 

carriage in the mother. There was however no 

relationship towards the end of the first year. 

The association appeared most clearly in infants 

born at home and in infants aged 2 - 5 months born 

in one of the hospitals (Firs). 

(10) A very high proportion (25 out of 30) 

of the strains of Staph.aureus tested from infants 

born in the Firs less than 5 months previously were 

penicillin- resistant. Infants born at home showed 

a much lower proportion of resistant strains. 

(11) .A high proportion of strains of Staph. 

aureus isolated from mothers throughout the first 
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year and delivered in the Firs were resistant. 

Strains from mothers delivered in the City Hospital 

or at home showed a much lower proportion of resis- 

tant strains. 

(12) Phage typing showed a great variety 

of strains among both mothers and infants but 

possibly there was rather less variety among the 

penicillin resistant strains than among the sensiti 

ones. Whentaph.aureus was found in both mother 

and infant, although the same phage type was common- 

ly present in both, in 16 out of 35 couples differ- 

ent types were encountered. 

(13) Investigations in Nottingham, in the 

City Hospital and Firs maternity units, showed a 

high percentage of penicillin resistant strains of 

Staph.aureus in infants and nurses but not the 

mothers. The dust of the nurseries in the Firs was 

also heavily infected with penicillin resistant 

Staph.aureus and the phage -types found in the dust 

corresponded largely with the types found in 

infants' noses in the same nursery. 

General Conclusions. 

The following tentative conclusions on the 

spread of Staph.aureus may be drawn from the work 

described. 

The infant comes in contact with Staph.aureus 

shortly after birth, often within a few hours. 
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These staphylococci are derived partly from the 

dust and partly from contact with infected objects, 

probably more particularly the contaminated hands of 

attendants. The nose becomes infected partly from 

dust and partly from the infant's fingers. Staph., 

áureus multiples rapidly in the infant's nose but 

finds difficulty in maintaining itself on the skin 

after the first few days. The infant infects its 

clothes and the nurse's hands and becomes an 

indirect source of infection to other infants in the 

nursery. The mother may be infected by the infant 

while in hospital but this occurs mainly after 

return home, when a gradual sharing of strains 

between mother and infant tends to occur. However 

after about 6 months the infant appears to develop 

a resistance to nasal carriage of StuPh.aureus, 

since the incidence in the infant declines markedly 

while remaining the same in the mother. 

Hospital nurseries may be heavily infected 

with penicillin -resistant staphylococci which can be 

shown to persist in infants months after leaving 

hospital and also to have been transmitted to their 

mothers. In these investigations there did not 

appear to be a dominant penicillin- resistant 

staphylococcus although this has been described by 

other workers. 
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PART III, 

:gRidemiology of Thrush. 

(1) Cultural, biochemical and serological 

studies on strains of Candida albicans, freshly 

isolated from thrush lesions, and on similar 

organisms from the National Collection of Type 

Cultures showed that different strains of the fungus 

had uniform and reliable biological characters. 

From a study of these characters it was possible to 

workout a satisfactory scheme for the laboratory 

identification of suspected strains of C.albicans. 

(2) Investigations in neonatal nurseries 

revealed the following points. 

(i) C.albicans could be isolated commonly 

in infants even before the 10th day of life (in 

Hospital I in 13.2 %, in Hospital II 18.9%). 

(ii) When C.albicans was isolated shortly 

after birth thrush always developed within the next 

few days. 

(iii) C albicáns often persisted in the 

outh after the thrush had cleared up. 

(iv) C.albicans was isolated much more 

on only from partially or completely bottle -fed 

nfants than from breast -fed infants. 

(v) It was isolated in a very high propor- 

ion of premature infants before they left hospital. 

(vi) The high incidence in premature 

nfants can be ascribed largely to the prolonged stay 
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in hospital and the fact that they were bottle -fed. 

(vii) C.albicans was isolated from 5 out 

of 10 samples of pooled breast -milk used for bottle - 

feeding. 

(viii) After heating pooled breast -milk had 

become routine C.albicans could still be isolated 

commonly from premature infants but there was some 

evidence of a reduction in incidence. It is 

uncertain how much this can be ascribed to heating 

the milk. 

(ix) C.albicans could be isolated from the 

hands of 50% of infants examined who had positive 

mouths. 

(x) In a small series of cases it was shown 

that C.albicans occurred commonly in the faeces when 

present in the infant's mouth but was absent from 

the faeces when the mouth was negative. 

(xi) C.albicans was isolated from the 

throats of 20 out of 60 nurses and from the fingers 

of 3 of 42 nurses. 

(xii) C.albicans was found rather more 

commonly in the mouths of infants with mothers 

carrying C.albicans in the vagina but the difference 

was not statistically significant. It is probable 

that, although some cases of neonatal thrush may be 

due to infection from the mother, most cases have a 

different origin. 
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(xiii) C.albicans was not isolated from 

the nipples of 42 women swabbed before the infant 

had been put to breast for the first time. 

(xiv) Culture of the air of the nurseries 

and changing rooms showed that it was very scantily 

contaminated with C.albicans (1 colony isolated. from 

29 plates exposed for various periods up to 18 hours). 

General conclusions. 

The infant may become infected with C slbicans 

by the mother during birth but infection most 

commonly occurs after birth from contaminated 

articles or hands. Infection is normally followed 

by the development of thrush after a few days and 

after recovery the fungus is still present. 

C.albicans is found very commonly in all types of 

infants in a neonatal nursery but the incidence is 

greatest in bottle -fed infants and among infants 

having a prolonged stay in hospital. Although 

about 30; nurses carried the organism in the throat 

the main reservoir of infection is probably among 

the infants themselves. Spread of infection by 

dust or droplets is probably unimportant. 

PART IV. 

Pharyngeal inclusion bodies in the new -born. 

(1) Cyloplasmic inclusion bodies have been 

found in the squamous epithelium of the mouth and 
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throat in all of over 100 new -born infants examined 

in 2 maternity units in Nottingham and 2 in 

Edinburgh. The inclusions were also found in 

premature stillbirths and in live infants at the 

time of birth delivered naturally or by Caesarean 

section. 

(2) Histological examination showed that 

the inclusions were confined to cells in the most 

superficial layers of the mucous membrane. 

(3) The inclusions were found in 31 out 

of 32 adults but in much smaller numbers. 

(4) There was no relation between the 

numbers of inclusions found in mother and new -born 

infant. 

(;) The inclusions were more numerous in 

tongue smears than in throat smears and in adults it 

was sometimes difficult to find them in the throat. 

(6) Reasons are given for suggesting that 

the inclusions are derived from nucleolar extrusions 

produced at an early stage in the natural ageing of 

the epithelial cell and that they may be regarded as 

an early stage in keratohyalin production. 

General Conclusions. 

Contrary to the conclusions of previous workers 

pharyngeal inclusion bodies are normal structures 

and not due to virus infection. 
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