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BACTERIOLOGICAL STUDY. 

In the foregoing pathological study brief re- 

ference has been made to the bacteriological results 

obtained in the various groups of cases. A more de- 

tailed survey, of the bacteriological aspect of the 

investigation must now be made. 

Bacteriological examinations were mae in 

150 cases. The method of investigation has already 

been described. In 11 cases the results were nega- 

tive. This meant that cultures from the lungs remain- 

ed sterile and no organisms were found in direct 

films made from the lung exudate or in suitably 

stained sections of the pneumonic lungs. Of these 11 

cases 6 were in dead -born infants; 3 were cases with 

aspiration of amniotic sac contents in infants aged 

1 hour, 5 hours and 13 hours; and 2 4ere cases of 

massive pulmonary haemorrhage with superadded pneu- 

monia in children aged 50 hours and 3 days. 

In 33 cases the results were regarded as in- 

conclusive. This meant that bacteria of some kind 

were obtained in culture, and perhaps seen in films 

and sections, but the evidence that they were not 

terminal or post -mortem invaders was not regarded as 

sufficient. The nature of the evidence demanded is 

explained below. 

In 106 cases results which were regarded as 
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significant were obtained. A summary of the results 

in these 106 cases is set forth in Table 2. 

Table 2. 

Bacteria in 106 cases. 

Organism. Pure. Mixed. Total. 

Haemolytic streptococci 11 2 15 

Viridans streptococci 7 1 8 

Indifferent streptococci 4 17 21 

All streptococci 22 20 42 

Staphylococcus aureus 16 3 19 

Pneumococcus 6 6 12 

B. influenzae 2 7 9 

Neisseria diplococci - 7 7 

Coliform bacilli 27 lb 43 

Miscellaneous - 12 12 

There were 72 cases in which the pulmonary in= 

fection ap,,eared to be due to organisms of a single 

type, and 34 in which two or more bacterial species 

were associated. Before further consideration of the 

results some preliminary explanation is necessary. 

Table 2 shows that bacilli of the coliform 

group were among the organisms most often associated 

with pneumonia, being rivalled in frequency only by 

the streptococcal group. Certain previous workers, 

notably Browne (1921 and 1922) considered that the 

coliform bacilli were a frequent cause of neonatal 
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pneumonia, but this conclusion was criticised, not- 

ably by Cruickshank (1930), on the ground that the 

bodies of newborn babies are peculiarly prone to be 

rapidly invaded by intestinal bacteria after death 

and that therefore the presence of coliform bacilli 

in pneumonic lungs examined post -mortem could-not be 

accepted as evidence that they caused the pneumonia. 

Cruickshank, indeed, appeared to be unwilling to 

ascribe any pathogenic role to the coliform bacilli 

in connection with neonatal pneumonia or sepsis. 

The difficulty caused by post -mortem contamin- 

ation of the tissues and blood by coliform bacilli 

was encountered throughout the present investigation. 

There is no doubt that the bodies of newborn babies 

are more prone to rapid invasion by these organisms 

than those of older subjects. The writer has carried 

out large numbers of post - mortem bacteriological ex -' 

aminations in older infants, children and adults 

without encountering anything like the difficulty 

with coliform contaminations that was experienced 

with the neonatal cases. Coliform bacilli appeared, 

often profusely, in cultures from the lungs in cases 

without pneumonia, and in blood cultures in cases 

with no evidence of infection. It was abundantly ob- 

vious that, in assessing the significance of coliform 

bacilli in any case, the results of cultures were of 

absolutely no value. 
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It was noticed, however, in many of the direct 

films made from the lungs in cases of pneumonia, that 

coliform bacilli had been ingested by cells in the 

exudate. The phagocytosis was often profuse; many 

cells Jere packed with ingested bacilli; sometimes 

almost all the bacilli, even when they were exceed- 

ingly numerous, were inside cells. Many of the ex- 

amples of phagocytosis were quite as remarkable as in 

any gonococcal or meningococcal infection. It was im- 

possible to believe that such phagocytosis could oc- 

cur after death or that bacilli thus ingested could 

be mere post -mortem invaders. Definite evidence of 

active phagocytosis of coliform bacilli by cells of 

the exudate was therefore regarded as proof that the 

bacilli were in the lungs during life (Figs. 34 - 56) 

The possibility of terminal invasion of the 

blood by intestinal bacteria and their dissemination' 

throughout the body shortly before death had also to 

be considered. It seemed unlikely that such profuse 

phagocytosis by cells in the pneumonic exudate would 

occur in the case of organisms that were disseminated 

in this way and had no relation to the disease. But a 

further safeguard against this fallacy could be pro- 

vided by considering the distribution of the bacteria 

in relation to the pneumonic areas. Gram- stained sec- 

tions of lung were used for this purpose. In some 

cases, both with and without pneumonia, coliform 
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bacilli were widely distributed throughout the sec- 

tions without reference to the presence or absence 

of an inflammatory reaction. All such were set aside. 

But in others tie bacilli were numerous only in in- 

flamed bronchi or alveoli and were absent or very 

scanty elsewhere; that is to say, their distribution 

corresponded to that of the pneumonia and was not con- 

sistent with the idea that there had been y general 

dissemination by the blood stream. 

The following rules of evidence were therefore 

formulated. Before coliform bacilli were accepted as 

having any causal relation to the pneumonia: firstly 

they must be shown to have been plentifully ingested 

by cells in pneumonic exudate (sparse phagocyto- 

sis was not accepted because of the possibility of 

error), and secondly ;their distribution in the lungs 

must correspond strictly to that of the inflammatory' 

reaction in the alveoli and bronchi. The strict ap- 

plication of these rules meant that a considerable 

number of bacteriological results had to be discarded 

as inconclusive, but only thus could results of any 

value be obtained. In every case here attributed to 

coliform bacilli, alone or in conjunction with other 

organisms, these two rules were amply fulfilled. In 

some cases a sterile blood culture provided addition- 

al evidence against post -mortem or terminal invasion. 

As far as the writer is aware, no previous 
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workers who have considered the coliform bacilli im- 

portant as a cause of neonatal pneumonia have taken 

comparable precautions to exclude errors arising 

from post -mortem and terminal invasions, and the 

writer is in full agreement with Cruickshank's con- 

tention that conclusions based on post-mortem-inves- 

tigations are valueless,in the absence of adequate 

precautions. But when the conditions stated above are 

aïaply fulfilled it would seem unreasonable to deny 

the possibility that organisms of the Bact. coli 

group may be responsible for pneumonia in the new- 

born. Their undoubted rarity as causative organisms 

of pulmonary infections in older people - even in 

slightly older infants - does not necessarily mean 

that they must be equally rare in neonatal pneumonia. 

The question of special susceptibility in the new- 

born is of great interest and importance and is dis -' 

cussed in a later section. 

Another group of organisms that were found codi 

par,_atively often was that of t_ie non -haemolytic 

streptococci. The possibility of post -mortem or term- 

inal dissemination had to be considered in connection 

with them also, though it did not occur in a gross 

and obvious form nearly as often as with the coliform 

bacilli. They were much less prone to phagocytosis 

than the coliform bacilli; a strict application of 

the first of the above rules would have excluded them 
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from a number of cases in which they are here record- 

ed. The second rule was strict enforced, but it is 

possible that the number of their appearances record- 

ed in Table 2 is too high. It was relatively seldom 

that they occurred alone; usually they were accompan- 

ied by other organisms that are more commonly recog- 

nised as likely pathogens, or by coliform bacilli. 

Their part in the production of pneumonia was pro - 

bably in most instances a subsidiary one. 

Table 2 shows that the number of species of 

bacteria that played any important part in the pro - 

duction of neonatal pneumonia was comparatively 

small. In addition to those entered by name in the 

table, in certain cases of mixed infection others 

were found, which appear in the table as 'miscellane- 

ous'. Among these were diphtheroid bacilli, various 

unidentified Gram -positive and Gram- negative bacilli; 

and fungus spores and mycelium. The last were found 

chiefly in cases with gross septic aspiration. 

The types of bacteria which appeared to be 

important included several species that are commonly 

associated with pneumonia in older people (haemolytic 

streptococci, pneumococci, B. influenzae), and others 

that are not so usual in this connection (streptococci 

of viridans and indifferent types and coliform bacil- 

li). Gram- negative diplococci of the Neisseria group 

occurred occasionally, always in association with 



TABLE 3. 

:Bacteriology in relation to pathological type of pneumonia. Ali cases. 

Type of Pneumonia. Str. Haero- Str. Viri- Indifferent Stash. Pneumo- B. influ- . B. Coli Neisseria. 

Prenatal aspiration 

Atelectasis, etc. 

Haemorrhage 

Postnatal aspiration 

Bronchopneumonia, etc. 

Staphylococcal 
pneumonia 

Alveolar pneumonia 

Haematogenous 
infections 

Total 

lyticus. dans. Stre,ps. coccus. enzae. group. 

1 

7 

2 

6 

5 

13 

3 

2 

2 

1 

8 

10 

21 

,Aureus. 

1 

1 

10 

19 12 

1 

8 

9 

6 

4 

2 

5 

1 

43 



TABLE 4. 

Bacteriology in relation to pathologicaltype of pneumonia. Pure infections. 

Type of Pneumonia. Str. Haemo- Str. Viri- Indifferent Staph. Pneumo- B. Influ- B. Coli Neisseria. 
lyticus. dans. Streps. 1=sureus. coccus. enzae. Group. 

Prenatal aspiration 2 

Atelectasis, etc. 2 2 

Haemorrhage 

Postnatal aspiration 

Bronchopneumonia, etc. 4 2 

Staphylococcal 
pneumonia 

1 

9 

Alveolar pneumonia 6 

Haematogenous 
infections 

Total- 

1 

1 

4 

4 

2 

11 

5 1 6 6 

11 7 4 16 6 2 27 
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more important pathogens. The frequent appearance of 

staphylococcus aureus, particularly as the cause of 

a distinctive type of pneumonia, which is less com- 

mon in older subjects, was noteworthy. 

pacteriology in relation to pathological type 

of pneumonia. Table 3 shows in summary the frequency 

with which each species of bacteria occurred in each 

of the types of pneumonia described in the pathologi- 

cal study. No distinction is made between pure and 

mixed infections. Cases from which only one species 

was obtained are given separately in Table 4. 

Although there are some exceptions, it appears 

that, generally speaking, cases of the types that are 

peculiar or almost peculiar to the neonatal period 

(i.e. those with aspiration before birth, with prim- 

ary or congenital atelectasis and with massive pulnion 

ary haemorrhage) yielded organisms that are not com- 

monly associated with pneumonia in older subjects, 

namely streptococci other than haemolytic and coli- 

form bacilli; while cases of types that are not pecu- 

liar to the neonatal period were caused by more com- 

monly recognised pathogens, such as streptococcus 

haemolyticus, pneumococcus and B. influenzae, with, 

however, the notable addition of the coliform bacilli 

Bacteriology in relation to age at death. A 

somewhat similar general rule is illustrated by 



TABLE _5 

Bacteriology in relation to age at death 

Age in days. 

S.P,. u- 4 -7 o -14 15 -21 22 -26 Total 

Streptococcus haemolyticus i 1 1 7 

Streptococcus viridans 1 `. 1 b 

Indifferent streptococci - 2 7 21 

Staphylococcus aureus 2 9 4 > 1 
1) 

Pneumococcus 
I 

i 2 5 6 12 

B. inf luenzae 1 i 
1 1 5 

Bact. coli group 1 15 ' 1 4!.9 

Neisseria 2 
5 7 
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Table 5 which shows the relation between the type 

f the infecting organism and the patient's age at 

death. Three of the principal recognised pathogens 

(streptococcus haemolyticus, pneumococcus and B. in- 

fluenzae) had their greatest frequency in the second 

half of the month, especially in the fourth week. 

Streptococci of viridans and indifferent types were 

commonest in the first half of the month, especially 

in the first three days. Staphylococcal infections 

tended to occur early and were most prevalent at the 

end of the first week. Infections with coliform bac- 

illi, though most numerous by a small margin in the 

first week, continued to be prevalent in the second 

week, were slightly less frequent in the third week 

and did not appear after the 22nd day. (Chart 4.) 

The Streptococci. (a). Streptococcus haemo- 

lyticus was encountered chiefly in cases of broncho- 

pneumonia and of haematogenous infection, and most 

often in the older babies, I,0 out of 13 cases being 

after the tenth day. The youngest child died 19 

hours after a forceps delivery. The mother had hydram- 

nios and toxaemia but there was no evidence of infec- 

tion. The pneumonia was very early in atelectatic 

lungs. The infection might have been received either 

before or after birth in this case, there being no 

evidence to ,point definitely either way. The other 
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early death was that of the baby, aireadly mentioned 

who died on the fourth day of septicaemia and whose 

mother had streptococcal septicaemia before parturi- 

tion. This was probably an example of transplacental 

transmission of infection. In all the other cases 

the infection was almost certainly of postnatal ori- 

gin. There were three cases of umbilical sepsis and 

one case of streptococcal dermatitis with septicaem- 

ia. The remainder were clearly respiratory tract 

infections, five being typical examples of broncho- 

pneumonia and one a case of bronchitis with pharyng- 

itis. 

(b). Streptococcus viridans was found most 

of. in with intra- uterine aspiration con 

genital atelectasis in very young infants, 6 of the 

8 cases being in the first week and 5 in the first 

two days. In one case, that of a child who died 

twelve hours after breech delivery, there was evi- 

aence of aspiration of infected mucus, probably from 

the vagina. The youngest child, who died at three 

hours after severe birth asphyxia and had vernix 

membrane in the lungs, may be assumed to have been 

infected before delivery, there having been little 

time for postnatal infection to develop. 

One child died 24 hours after delivery by 

Caesarian section, with evidence of excessive aspira- 

tion of liquor amnii but nothing in the history to 
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suggest infection of the amniotic sac contents and 

no opportunity for aspiration of vaginal secretion. 

Despite the short duration of postnatal life, the 

evidence in this case seems to be against prenatal 

infection. The pneumonia was very slight, so it may 

have been caused by a very early postnatal infection, 

or the inflammatory reaction may have been set up by 

chemical irritants in the amniotic fluid (as appar- 

ently occurred in some of the stillborn infants), 

and the streptococci, invading the lungs after birth, 

may have contributed little to it. 

One chi ld who lived six days had meningitis 

with septic pleurisy and pulmonary lymphangitis. No 

source of the septicaemia was found. The two cases 

in older babies (lb days and 2b days) were both 

examples of typical bronchopneumonia and clearly of 

postnatal origin. 

(c). Indifferent streptococci were found in 

21 cases. In a few they were of heat-resistant faecal 

type; most often they were not. They seldom appeared 

alone. The 4 cases of pure infection were all in 

children under two days old. Along with the coliform 

bacilli they were the organisms most often found in 

the first three days and in the cases with prenatal 

aspiration, atelectasis and haemorrhage. 

In at least 2 cases infection before birth 

was probable. One child died at six hours with well 
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developed pneumonia, the other at thirty -six hours 

with massive consolidation. Both were cases of diffi- 

cult breech extraction with forceps, .nd the babies 

were badly asphyxiated at birth. This History, taken 

along with the fact that the pneumonia was so exten- 

sive after so short a time of survival, suggests 

that infection occurred during birth. 

The other cases, even in those under three 

days old, provided no clear evidence to suggest in- 

fection before delivery. In the older babies indif- 

ferent streptococci were always accompanied by other 

organisms and probably played only a subsidiary part 

in the infective process. 

The Staphylococci. Staphylococcus albus ap- 

peared occasionally in cultures but in no case did it 

seem to have played a pathogenic role. Staphylococcus 

aureus was found chiefly it cases in which it had 

produced the characteristic form of pneumonia des- 

cribed above as 'staphylococcal pneumonia', and in 

cases of haematogenous infection, usually with py- 

aemic abscesses and septic infarcts in the lungs. In 

both these types of case it occurred alone, except in 

one case of staphylococcal pneumonia in which it was 

accompanied by B. coli. It appeared once, as part of 

a mixed infection, in a case of typical bronchopneu- 

monia, and once, again with a variety of other organ- 
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isms, in a case secondary to massive pulmonary haemo- 

rrhage. Eleven of the 19 cases were in the first 

week, but it was not common before the fourth day. in 

only one case was there a probability of infection 

before birth by aspiration of infected liquor amnii;. 

this case was discussed in an earlier section. There 

were 6 cases of haematogenous infection, of which 

3 took origin in staphylococcal dermatitis and 1 in 

suppurative otitis media. 

Pneumococci were isolated from 12 cases. Six 

times they were alone and six times associated with 

other organisms, most often B. influenzae. Except in 

one case - that of a child aged three days - these 

organisms were never found before the tenth day and 

half the cases were in the fourth week. Pure pneumo- 

coccal infections occurred only in cases of the type 

described as !alveolar pneumonial. All the cases from 

which pneumococci were isolated along with other org- 

anisms were examples of typical bronchopneumonia. 

There was nothing to suggest that any case of pneumo- 

coccal infection originated before birth. 

B. influenzae (Pfeiffer) was found chiefly in 

the older babies. Five of the 9 cases were in the 

fourth week and only two in the first week. In eight 

of the nine cases the condition was typical broncho- 

pneumonia and it was always severe, with particularly 
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striking inflammatory changes in the bronchial walls. 

In all but two cases B. influenzae was accompanied by 

other organisms, most often pneumococci, occasionally 

streptococci. It was isolated in pure culture in one 

case which differed from the rest. This w.s in the 

youngest child in the group, a premature baby who 

died at 2 days, with vernix membrane in the lungs 

and an extensive pneumonia of diffuse distribution 

but with severe bronchial inflammation. This case was 

referred to in the pathological study, in the group 

with intra- uterine aspiration. It was an interesting 

example of the difficulty of deciding between pre- 

natal and postnatal infection in a very young infant 

in whom either is possible. In this case the patho- 

logical characters of the lesion ruled out haematogen- 

ous infection and made it quite obvious that the lungs 

had been infected through the bronchi. The early 

death, together with the well developed pneumonia, 

and the positive evidence of intra- uterine aspiration 

were all in favour of infection before birth. The 

child was asphyxiated when born and never breathed 

well. This also might be taken to indicate congenital 

pneumonia. On the other hand the mother was perfectly 

well throughout pregnancy and the puerperium; the 

labour was short (3i hours) and uncomplicated; the 

membranes ruptured fifteen minutes before the child 

was born; there was no evidence of infection of the 
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genital tract; and B. influenzae is an unlikely organ 

ism to be associated with an infection acquired be- 

fore birth under these circumstances. These facts 

favour postnatal infection, and the presence of ver- 

nix membrane in the lungs would explain the unsatis- 

factory condition of the child at birth and after, 

even without pneumonia. All things considered, in the 

writer's opinion postnatal infection is the more pro- 

bable in this case. Certainly, the infection must ham: 

been received very soon after birth and must have pro 

gressed with great rapidity. When the child failed to 

breathe at birth attempts were made to establish res- 

piration by the method of mouth -to -mouth insufflation 

It is possible that the operator may have been a car- 

rier of B. influenzae and conveyed the infection to 

the child in this way. This risk is mentioned by Tow 

(1937). There is little doubt that a virulent organise 

such as B. influenzae could have produced the changes 

in the lungs within two days. 

In all the other cases in which B. influenzae 

was isolated infection had certainly taken place 

after birth. 

The coliform bacilli. Various coliform bacilli 

7.1f .-e found to be associated with neonatal pneumonia. 

They included common faecal types such as B. coli 

communis and communior, B. acidi lattici, some atypi- 
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cal strains, e.g. late lactose -fermenters, non -lac- 

tose fermenters, and non -gas -producers (B. coli an- 

aerogenes), and inosite fermenters which most often 

gave the biochemical reactions of B. lactis aero- 

genes, but in 4 cases corresponded to the lactose - 

fermenting type of the bacillus of Friedländer. In- 

testinal pathogens of the coli- typiioid- dysentery 

group were not encountered. 

These organisms occurred in cases of all path - 

ological types. Their greatest prevalence was in typ- 

ic_,1 bronchopneumonia, in which they were found on 

19 occasions, which is more often than any other or- 

ganism. In 11 of these cases they were not associated 

any other species of bacteria. They were fairly 

common in the cases with prenatal aspiration and 

atelectasis, though less so than the non -haemolytic 

streptococci. They were responsible for haematogenous 

infections as often as staphylococcus aureus and more 

often than streptococcus haemolyticus. 

Cases due to infection with coliform bacilli 

occurred at all ages up to but not beyond 22 days. 

Although they were slightly more numerous in the firs 

week than in any later week, they were frequent in 

the second week and by no means rare in the third. 

More than half of them were after the first week, and 

less than a quarter were in the first three days. 

These facts were unexpected in view of the suggestion 
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made by previous workers, especially Browne (1921 

and 1922), that the presence of coliform bacilli in- 

dicated infection acquired by aspiration during 

birth. Quite clearly the majority of cases in this 

series could not be attributed to prenatal infection. 

Infection received before the completion of 

the birth process was certain in one infant who was 

born dead after a long dry labour. It was probable 

in tío cases in which there was evidence suggesting 

aspiration of infected mucus from the vagina, both 

with mixed infection. It was probable also in two 

cases with aspiration of liquor amnii. One of these 

was in a child who died at six hours after a diffi- 

cult breech extraction with forceps; the other was in 

a child who died on the second day after forceps de- 

livery and severe birth asphyxia, with evidence of 

infection of the placenta, and followed by puerperal 

pyrexia in the mother. This latter child had meningi- 

tis and pericarditis as well as pneumonia; the strain 

of .bact. coli isolated from these lesions was of the 

same type as that obtained from the lungs; the pneu- 

monia was not of the haematogenous type and the lungs 

mere believed to have been the primary site of infec- 

tion. 

There were 8 other live -born infants wio died 

within three days of birth with Bact. coli infections 

One was obviously infected after birth by aspinItion 
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of g.tstric contents. In another case the child, who 

died at two days, was born in an intact amniotic sac 

without any evidence cf aspiration of liquor amnii 

or of infection of the amniotic sac contents. It is 

difficult to understand how this child could have be- 

come infected before birth. The lung lesion was a 

typical bronchopneumonia and, despite trie early 

death, the weight of evidence is on the side of post- 

natal infection. In the remaining cases of death 

within three days the evidence as to the time of in- 

fection was inconclusive. 

In the babies who survived longer the lesions 

were usually either those resulting from postnatal 

aspiration, typical bronchopneumonia or haematogenous 

infections. In none of these was there anything to 

point to prenatal infection, except in the case of a 

child (already mentioned) whose mother had pyelitis 

due to Bact. coli and who died on the seventh day 

with septicaemia and meningitis due to infection with 

Bact. coli of the same type. This evidence was not 

regarded as sufficient to justify tie assumption that 

the baby was infected before birth. In the majority 

of the cases in which death occurred after the third 

day the evidence from the pathological findings, the 

history and the time of the child's survival definite- 

ly indicated postnatal infection. 

The 6 cases of haematogenous infection ;with 
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coliform bacilli were noteworthy in several respects. 

In four of them the lung lesion took the form of sep- 

tic pleurisy with lymphangitis. As there were in all 

only six cases of that type in the haematogenous grou 

it would appear that it is more often associated with 

coliform organisms than with other types of infection 

Three of the six infants with Bact. coli bacteriaemia 

developed meningitis, a higher proportion than in the 

case of any other organism in the haematogenous group 

The portal of entry of the infection was usually ob- 

scure. In one case it was traced to umbilical sepsis 

but in five cases it was not discovered. 

Gram -negative diplococci of the Neisseria 

group were isolated in 7 cases but were always assoc- 

iated with other organisms and appeared to be of lit- 

tle importance. They occurred once as part of a mixed 

infection in a case of postnatal food aspiration. In 

the other six cases the lesion was typical broncho- 

pneumonia in which they were associated with pneumo- 

cocci, haemolytic streptococci or B. influenzae. In 

all cases infection quite clearly occurred after 

birth. 
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OBSERVATIONS ON THE BACTERIAL FLORA OF THE 

MOUTH AND THROAT OF THE NEWBORN. 

In view of the fact that, even in the youngest 

infants, evidence of infection before birth was so 

often absent or ambiguous, it was thought that a stud 

of the bacterial flora of the upper respiratory tract 

during the first few days after birth might help to 

show: (a) whether babies often aspirate infective 

material during the process of birth and, if so, 

which bacteria are chiefly concerned; or (b) whether 

the early bacterial flora comes chiefly from the en- 

vironment after birth and, if so, which organisms 

commonly predominate during the first days of life. 

This matter has been investigated by several 

workers, especially in Germany. Perhaps the most ex- 

tensive and complete study is that of Gundel and 

Schwartz (1931- 1932), who made 1137 examinations of 

swabs from the mouths of 52 babies, 51 mothers and 12 

attendants. Their primary cultures were made by incub- 

ating the swabs immersed in .nutrient broth, the broth 

cultures being used for making subcultures on plates 

of solid media, and for inoculation into mice for the 

isolation of pneumococci. They believed that this 

technique gave more reliable results than that of pre- 

vious workers, who depended upon cultures made directly 

on solid media and omitted mouse inoculation. They 

found that cultures made from swabs taken during the 
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first six hours after birth remained sterile in the 

great majority of cases. The first organisms to ap- 

pear were staphylococcus albus, indifferent (mouth) 

streptococci, I. catarrhalis and occasionally colifor 

bacilli. Pathogens such as streptococcus haemolyticus 

and B. influenzae never occurred before the .second 

day and seldom till after the third day. Pneumococcus 

also was unusual in the first twenty -four flours. lie - 

t'Yeen the third and the twelfth day all organisms, 

including the recognised pathogens, increased greatly 

and there was a close correspondence between the upper 

respiratory tract flora of the mothers and that of 

the infants. The authors admitted that some of the 

bacteria in the babies' mouths came from the mother's 

vagina, but they considered that source to be much 

r 

less important than the postnatal environment, especi- 

ally the upper respiratory tract of the mother and 

attendants. They found that even the coliform bacilli 

often appeared in the baby's mouth or throat for the 

first time on the third day, and considered that this 

clearly meant that they were not derived from the 

genital tract but invaded the child's mouth after 

birth. 

Kneeland (1930) found that cultures taken from 

the nose and pharynx of infants immediately on deliv- 

ery almost invariably remained sterile, and 80 per 

cent of those taken several hours after birth also 
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remained sterile. Cultures from the pharynx were usu- 

ally sterile until after the first feed. Non- haemo- 

lytic streptococci were the first to appear in most 

cases, followed by staphylococci. Coliform bacilli 

seldom appeared in early cultures. Cultures taken on 

successive days for t:No weeks showed that indifferent 

streptococci and staphylococcus albus predominated in 

the majority, coliform bacilli in a small percentage. 

Pathogens such as streptococcus haemolyticus, pneumo- 

coccus and B. influenzae were not encountered until 

after the first two weeks of life. This author con- 

cluded that the early bacterial flora of the infant's 

mouth and nose is derived from that of older persons 

in the environment and not from aspiration during 

birth. 

Salomon (1922 -23) obtained somewhat similar 

results. He found the mouth sterile immediately after 

birth, but in cultures made soon after birth he found 

a flora that seemed to have some relation to that of 

the mother's vagina. In cultures taken during the 

first few days of life, staphylococcus albús and aur- 

eus appeared early, followed by various streptococci, 

coliform bacilli and others. The incidence of the 

colon bacillus was low until the fifth day, after 

which it increased until the eighth day and then be- 

gan to fall. He found, however, that organisms, es- 

pecially B. coli, were found in the mouth immediately 
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after birth in cases of complicated labour when in- 

struments had been used or a hand had been inserted 

into the uterus, and particularly when there had been 

a long dry labour. The duration of labour and especi- 

ally the time of rupture of the membranes he consider- 

ed to be among the most important factors determining 

the early mouth flora of the child. After birth the 

mouth flora of the child is derived from that of the 

mother's breast, the hands of the mother and attend- 

ants and the surrounding air. 

Muller and Bayer (1934), who studied the bac- 

terial flora of the mouth and nose of 25 newborn in- 

fants from birth to the age of 72 hours, together 

with cultures from the mouth and vagina of their 

mothers, obtained results that were in some respects 

different. They found that in more than half tue 

spontaneously born babies there was a more or less 

rich flora immediately after birth, and that it was 

determined by the flora of the vagina. In some cases 

they obtained almost pure cultures of B. coli. This 

original aspirated flora was soon replaced by, or 

mixed with, bacteria from the environment, especially 

from the mother's mouth. 

Some observations on the same lines were made 

by the writer. Swabs from the pharynx of 33 newborn 

babies were examined, cultures being made on blood - 

agar plates. The swabs were taken each day from the 
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first to the fifth, in some cases to the ninth, but it 

was seldom possible to obtain the first swab until 

several hours after birth. Even so, the first culture 

were sometimes sterile and rarely yielded more than a 

sparse growth. On subsequent days profuse growths of 

a variety of organisms invariably resulted..ivluch most 

often the first to appear were indifferent or green - 

producing streptococci, staphylococcus albus and Gram - 

negative diplococci of the Neisseria group. Staphylo- 

coccus aureus was rare on the first day and unusual 

'before the third, but thereafter it frequently appear- 

ed. haemolytic streptococci were found in one first - 

day culture; they were rare throughout the investiga- 

tion. Pneumococci were never found in a first-day 

culture and only twice occurred later - from tue se- 

cond day onward. B. influenzae was never seen. Coli- 

form bacilli appeared in 4 first -day cultures, but 

often arrived later, most frequently after the third 

day. They were found at one time or another in 15 

cases and occasionally became very numerous. The 

thrush fungus occurred in t 4o cases in which stomati- 

tis developed in the later days. 

No child whose flora w:.is examined developed 

pneumonia. Only one died while in hospital. This 

child died on the 9th day of meningitis due to an in- 

fection with Pact. coli. The bacteriological diagnosis 

was made during life after lumbar puncture. :act. coli 
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appeared in the pharyngeal cultures from the third 

day onwards, increasing to very large numbers on the 

fifth day, and being, associated with a severe stoma- 

titis and pharyngitis. The strain isolated from the 

cerebro- spinal fluid and from the pharynx were of the 

same type. It was thought that the meningitis uaas 

secondary to this infection of the upper respiratory 

tract. 

A full investigation of the possible sources 

of the mouth flora of the infants (e.g. of the vagina 

and mouth of the mothers, the mouths of the attendant 

etc.) was not attempted. The results obtained from 

this brief study were therefore incomplete, but as 

far as they went they were in general accord with 

those of the previous workers quoted above. As re- 

gards the frequency of coliform bacilli in the earli- 

est cultures they agreed with the findings of Gundel 

and Schwartz (1931 -32), Kneeland (1950) and Salomon 

(1922 -23) rather than with those of ïvüller and Bayer 

(1934). 

The general conclusions drawn from the study 

of the literature on this subject and from personal 

observations were that, at least in most cases, bac- 

teria derived from the environment after birth are 

more important than bacteria aspirated from the geni- 

tal tract during birth; that aspiration of organisms 

during birth is probably not a common occurrence 
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except in cases of complicated labout; and that when 

organisms such as coliform bacilli are found in the 

upper respiratory tract of a newborn child at any 

time other than immediately after delivery, it cannot 

be assumed that their presence is the result of as- 

piration during birth, as the fact that they often 

appear for the first time on or after the third day 

means that they frequently enter from the environ- 

ment after birth. This observation is of interest in 

connection with the pathogenesis of pneumonia due to 

infection with Batt. coli, which is discussed in a 

later section. 
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OBSERVATIONS ON THE PRESENCE OF ANTIBODIES FOR 

ORGANISMS OF THE COLON BACILLUS GROUP IN THE BLOOD 

SERUM OF NENBORN BABIES AND THEIR MOTHERS. 

The frequency with which organisms of the 

colon bacillus group were encountered as a cause of 

neonatal pneumonia suggested that there must be some 

special susceptibility to this type of infection in 

the newborn. Previous workers have commented on this 

susceptibility and the suggestion has been made that 

it is due to the absence of 'normal' agglutinins for 

these organisms in the blood serum of the newborn. 

It was stated by Zinsser and Bayne-Jones 

(1934) and by Park and Williams (1934) that agglutin- 

ins for the Bact. coli group are ordinarily present 

in the serum of man. Zinsser and Bayne -Jones asserted 

that the serum of a normal adult man or animal will 

often agglutinate Bact. coli in dilutions as high as 

1 in 20, but that the serum of the newborn animal 

possesses no such agglutinating power. Cook and Bell 

(1922) advanced the same explanation of the increased 

susceptibility of the newborn to infection. They be- 

lieved that antibody production by young infants is 

defective, and that the passive immunisation of the 

child in utero depends on the presence of antibodies 

in fairly high concentration in the mother's blood. 

As the 'normal' agglutinins for the colon bacillus 

group are ordinarily present only in relatively low 
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concentration, passive immunisation of the child 

against these organisms does not occur. This sugges- 

tion offers a possible answer to the question why very 

young infants, who enjoy a fairly high degree of im- 

munity to certain specific infections, at the same 

time exhibit so remarkably high a susceptibility to 

infection with common organisms which are generally 

held to be of lower pathogenicity. 

This matter seemed to the writer to be impor- 

tant enough to merit some investigation. In order to 

test the soundness of the theory, some serological 

tests were carried out. The serum of a number of in- 

fants was obtained from umbilical cord blood collected 

at birth. In a number of cases samples of their moth - 

ers? serum were also obtained. Agglutination tests 

were carried out in trie usual way with these sera and 

two or more strains of coliform bacilli. The serum of 

a few healthy adults of both sexes, and older infants 

and children who were in hospital with complaints un- 

connected with colon bacillus infections, was also 

tested for agglutinins with the same strains. The 

dilutions of serum ordinarily used were from 1 in 6 

to 1 in 192. Higher dilutions were used in exception- 

al cases. The strains of organisms were as follows: - 

Strain A was a laboratory stock culture of a typical 

B. coli communier; Strain B was an organism isolated 

at random from faeces and having the same fermentative 
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re_ctions as Strain A, except that its action on 

dulcite was slow; Strain C was a typical B. lactis 

aerogenes isolated from faeces. All the sera obtained 

were tested against Strains A and B. Strain C was 

used for a number of the earlier tests. 

Particulars of the results of these tests are 

given in tabular form in Tables 6 to 10 . A summary 

of them is of interest. The majority of the adult 

sera tested agglutinated one or more of the strains, 

but some gave negative results with them all. Strain 

A was the most readily agglutinable of the three and 

it was usually agglutinated at the lowest dilutions 

and sometimes up to dilutions of 1 in 48 or even 

1 or In mother's serum pro- 

duced complete agglutination of this organism at a 

dilution of 1 in 960. A considerable number of adult 

sera, however, failed to cause any agglutination of 

Strain A. The other strains were agglutinated by a 

number of the adult sera, but usually only at lower 

dilutions than in the case of Strain A. But sometimes 

the position was reversed and a serum agglutinated 

Strain B or Strain C at higher dilutions than Strain 

A. Many sera agglutinated one strain and not another, 

or exhibited a much higher titre for one than for 

another. There were, in fact, the most remarkable dis- 

crepancies in the results obtained in this respect. 

For example, the serum that agglutinated Strain A up 
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to 1 in 960 agglutinated the closely similar Strain 

B only up to 1 in 24. 

In the case of the serum of the babies agglut- 

ination at low dilutions was not uncommon, especially 

with Strain A. Some agglutination of one or other of' 

the strains occurred with the serum of 37 out of 72 

babies tested. But many more babies than adults gave 

entirely negative results. As far as the investigatio 

showed, babies whose serum contained agglutinins in- 

variably had mothers whose serum had a relatively 

high titre for the same strain. It was unusual to 

obtain agglutination with a baby's serum unless the 

titre of the mother's serum was at least 1 in 48. 

It was unusual to obtain agglutination with a baby's 

serum in dilutions above 1 in 12, but in a few higher 

titres were found. The serum of the baby whose mo- 

ther's serum agglutinated Strain A up to 1 in 900 

had the highest titre of any baby's serum, producing 

agglutination of Strain A up to 1 in 192. This was an 

exceptional case, but the mother's history revealed 

no reason for the high titre. In no case were agglut- 

inins shown to be present in the baby's serum and ab- 

sent, or present in smaller amount, in the motller t s . 

A few precipitin tests were carried out with 

serum from babies and their mothers, using antigens 

prepared from Strains A and B by the method of ex- 

traction recommended by Lovell (1937). As the results 

n 
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of this method, though similar, were less satisfac- 

tory than those of the agglutination tests, this 

part of tine investigation was not continued. 

Table 6. 

Agglutination of Bact. Coli. 

Normal Adults. 

Case No. Strain A. Strain B. Strain C. 

1 1 in 48 Negative Negative 

3 1 in 6 Negative 1 in. 6 

4 1 in 48 Negative 1 in 12 

5 1 in 24 Negative 1 in b 

6 1 in. 96 Negative Negative 

Table 7. 

Agglutination of Bact. Coli. 

Puerperal 'Nomen. 

Case No. Strain A. Strain B. Strain C. 

25 1 in 48 1 in 24 1 in 6 

6o Negative Negative ... 

70 Negative Negative ... 
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Table 8. 

Case Age in. 

Agglutination of Bact. Coli. 

Older infants and children. 

Strain A. Strain B. Strain C. 
No. Months. 

2 6 Negative Negative Negative. 

7 7 1 in 6 Negative 1 in 24 

8 36 1 in 24 1 in 6 1 in 24 

9 3o Negative 1 in 48 Negative 

10 11 1 in 12 Negative Negative 

Table 9, 

Agglutination of Bact. Coli. 

Newborn Babies. 

Case No. Strain A. Strain B. Strain C. 

11 1 in 24 1 in 12 Negative 

12 1 in 12 Negative Negative 

13 Negative 1 in 6. Negative 

14 1 in 12 Negative 1 in b 

15 Negative Negative Negative 

16 Negative Negative Negative 

17 Negative 1 in 6 Negative 

lv Negative Negative Negative 

19 Negative Negative Negative 
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Case No. Strain A. Strain B. Strain C. 

20 1 in 6 Negative Negative 

21 1 in 6 Negative Negative 

22 Negative Negative Negative 

23 1 in 12 Negative Negative 

24 1 in 12 Negative Negative 

65 1 in 6 Negative ... 

64 Negative Negative ... 

66 Negative Negative ... 

71 1 in 24 1 in 12 ... 

72 1 in 24 Negative ... 

74 1 in 6 Negative ... 

75 Negative Negative ... 

77 1 in 6 Negative ... 

78 Negative Negative ... 

81 Negative Negative ... 

82 Negative Negative ... 

63 Negative Negative ... 

84 Negative Negative ... 

65 1 in 6 Negative ... 

87 1 in 6 Negative ... 
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Table 10. 

Agglutination of Bact. Coli. 

Mothers and Babies. 

Case Mother. Baby. 
No. 

Strain. Strain. 

B A B 

26 1 in 96 1 in 48 Negative Negative 

27 1in12 Negative Negative Negative 

28 Negative Negative Negative Negative 

29 Negative 1 in 46 Negative 1 in 12 

30 1 in 48 i in 12 1 in 6 Negative 

31 1 in 48 1in48 Negative 1 in 6 

32 lin6 1 in 12 Negative Negative 

33 1 in 48 Negative 1 in 6 Negative 

34 1 in 48 1 in 12 1 in 6 Negative 

35 1 in 24 1 in 24 Negative Negative 

36 1 in 24 1 in 24 Negative Negative 

37 1 in 48 Negative Negative Negative 

38 1 in 48 1 in 24 Negative Negative 

39 1 in 96 1 in 48 1 in .6 Negative 

40 1 in 96 1 in 24 1 in 6 Negative 

41 Negative 1 in 12 Negative Negative 

42 Negative egative Negative Negative 

43 Negative 1 in 48 Negative 1 in 6 

44 1 in 48 1 in 48 1 in 12 1 in 6 

45 1 in 192 1 in 12 1 in 24 Negative 
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Case Mother. Baby. 
No. 

Strain. Strain. 

J1 A B 

46 1 in 12 1 in 12 Negative Negative 

47 1 in 48 1 in 48 Negative Negative 

48 Negative 1 in 24 Negative Negative 

49 Negative 1 in 24 Negative Negative 

50 Negative 1 in 48 Negative 1inb 

51 l'in 96 1 in 48 1 in 12 1 in 6 

52 1 in 12 1 in 2.4 Negative Negative 

53 Negative 1 in 12 Negative Negative 

54 1 in 240 lin6 1 in 48 Negative 

55 1 in 48 1 in 6 1 in 12 Negative 

56 1 in 960 1 in 24 1 in 192 Negative 

57 i in 24 1 in 6 1 in 6 Negative 

56 1 in 12 1 in 12 Negative Negative 

5) 1 in 48 1 in 6 1 in 6 Negative 

61 Negative Negative Negative Negative 

62 Negative Negative Negative Negative 

65 1 in 96 1 in 48 1 in 12 1 in 6 

67 Negative 1 in 6 Negative Negative 

68 Negative Negative Negative Negative 

69 1 in 24 1 in 6 1 in 6 Negative 

73 1 in 96 1 in 12 1 in 24 Negative 

76 Negative Negative Negative Negative 

8o 1 in 96 1 in 6 1 in 24 Negative 
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GENERAL DISCUSSION. 

The practical value of a study of neonatal 

pneumonia is in the contribution that may be made to- 

wards prevention of a common and lethal disease. The 

deathrate of the neonatal period is heavier than that 

of any other period of life and has not decreased in 

recent years in proportion to the fall in. the general 

deathrate. Pneumonia is one of the principal causes 

of neonatal death, ranking next only to intracranial 

haemorrhage, so any considerable decrease in its in- 

cidence would favourably affect the neonatal mortal- 

ity rate. It is therefore a matter of social and 

national importance and deserves the close and con- 

stant attention of all who are responsible for the 

care of newborn babies. 

It may be said definitely and with emphasis 

that the only real hope of lessening the mortality 

from neonatal pneumonia lies in preventing the dis- 

ease. As pneumonia in newborn babies is seldom recog- 

nised during life, no reliable information as to its 

case mortality is available, but, in spite of a few 

reported recoveries (Craig, 1935), it is generally 

believed that survival is unusual and that the case 

mortality is little less than one hundred per cent. 

IThe clinical diagnosis of neonatal pneumonia presents 

peculiar difficulty, as its manifestations are often 

entirely atypical and unlike those found in older 
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infants and children; so much so that the diagnosis 

is seldom made with confidence even by the most 

skillful and experienced paediatricians. Even if in- 

creased knowledge of the clinical features should in 

future lead to more frequent recognition of the dis- 

ease during life, it is unlikely that much could be 

done to improve the prognosis. The newborn infant's 

powers of resistance appear to be insufficient to 

bear the severe strain imposed by pneumonia. Tne most 

that can be hoped from the best therapeutic and 

nursing skill is that an occasional child may be 

saved. 

gut the problem of prevention need not be 

regarded in so gloomy a light. If tne pathogenesis of 

the disease were understood and the probable sources 

of infection recognised, it ought to be possible to 

achieve a large reduction in the number of cases and 

thereby bring about a substantial improvement in the 

neonatal deathrate. It is for this reason that 

throughout this study matters relative to patho'enes- 

is and the sources of infection. have been kept ero- 

minentiy in the foreground, and much of the discus- 

sion that follows is devoted to these aspects of the 

problem. 

Questions of fundamental importance in this 

connection are: (a) with what frequency and under 

what circumstances pneumonia is caused by infection 
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received by the child before the completion of the 

process of birth; (b) whether prenatal or postnatal 

infection is the more important; and (c) whether, 

with regard to postnatal infection, any factors or 

circumstances peculiar to the newborn have to be 

taken into account. These questions are not of merely 

academic interest. They have a very practical bear- 

ing on tie problem of prevention. For prevention of 

infection before birth is a problem of obstetrics, 

and prevention of infection after birth is a problem 

of nursing and infant hygiene; and in either case 

a knowledge of the circumstances in which infection 

is liable to occur is of vital importance. 

In approaching the subject from this point of 

view it is helpful to consider the cases in three 

categories:- (1) those with clear evidence of pre- 

natal infection; (2) those in which circumstances 

connected wit_ri birth influenced the event, irrespec- 

tive of the time at which infection occurred; and 

(3) those in which infection was received after 

birth, whether by the respiratory tract or. otherwise. 

(1) Pneumonia due to prenatal infection. It is 

quite certain that prenatal infection does occur. Of 

the two routes by which it may reach the child, as- 

piration is more common than t.ransplacental trans- 

mission. Aspiration produces pneumonia; transplacent- 

al infection produces septicaemia, as a result of 



135 

which lesions may or may not arise in the lungs. 

The facts presented in the foregoing account 

of this investigation show that the cases in which 

there was satisfactory evidence of bacterial infectio 

received before birth were not many, but there were 

others in which it was a possibility that could not 

be excluded. The problem of determining the frequency 

of its occurrence is complicated by the possibility, 

suggested by the negative bacteriological results in 

a number of cases of stillbirth and a few others, 

that an. inflammatory reaction may be evoked in the 

lungs by non -bacterial irritants in aspirated mater 

ial. It has to be admitted that failure to demonstrat 

bacteria in pneumonic lungs is not conclusive proof 

of their absence, but the failure has been experienc- 

ed by many workers, and this certainly suggests that 

bacteria are not always present. 

In view of that possibility, if bacteria were 

found in the pneumonic lungs of an infant who had 

aspirated amniotic fluid and had lived for a few 

hours after birth, it could not be said definitely 

that the bacteria were responsible, and alone respon- 

sible, for the pneumonia. They might have entered 

lungs that were already the seat of inflammation as a 

result of aspiration of irritant material, and might 

actually have produced little or no further effect. 

Thus the mere presence of bacteria in the 
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lungs in a case of pneumonia in an infant even only 

a few hours old is not necessarily proof of prenatal 

bacterial infection, unless it can be shown teat the 

distribution of the inflammation depends strictly on 

the presence of bacteria, and also that the pneumonia 

is too far advanced to have developed entirely after 

birth. Actually it was often impossible to make both 

these assertions, especially the second, with any 

confidence. Thus in many cases in which an early 

death suggested prenatal infection there remained the 

possibility (a) that the pneumonia was of prenatal 

origin but due to a non -bacterial irritant; or (b) 

that it was due to bacterial infection but developed 

after birth; or (c) that bacteria invaded, after 

birth, lungs that were already the seat of a non- 

bacterial inflammation, and perhaps caused an aggra- 

vation and extension of the pneumonia. In many cases 

these various possibilities could not all be excluded, 

so a dogmatic diagnosis of prenatal bacterial infec- 

tion was often not justified, even when it seemed not 

only possible but reasonably probable. 

There were, however, some cases in which pre- 

natal bacterial infection had to be accepted as cer- 

tain, or at least as much the most probable explana- 

tion of the facts. These included one case in a still- 

born infant and several in live -born infants with 

positive evidence of aspiration of material containing 
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bacteria. In all of these there was a history of some 

obstetrical difficulty or complication - long dry 

labour, an abnormal presentation, instrumental deliv- 

ery, evidence of infection of the contents of the 

uterus, or severe foetal asphyxia. These cases always 

showed a relatively well advanced and apparently pro- 

gressive pneumonia, in contrast to those in which the 

evidence of bacterial infection was negative or in- 

conclusive, in which the pneumonia was seldom severe. 

From evidence collected during this investiga- 

tion the following conclusions with regard to pre- 

natal infection may be formulated:- 

1. Although the statement must be made with 

some reservation, it is possible that pneumonia may 

be caused by irritant substances aspirated into the 

lungs before or during birth, without participation 

by bacteria. The usual cause of tnis is aspiration of 

amniotic sac contents, and these are most likely to 

have an irritant effect when the liquor amnii is con- 

taminated with meconium. Excessive aspiration may oc- 

cur in cases without a history of obstetrical compli- 

cations, but not without evidence of foetal asphyxia. 

The pneumonia so produced is unlikely to be severe or 

progressive, unless there is a superadded bacterial 

infection. In such cases the pneumonia may be a con - 

tributary cause of death, but the direct effects of 

aspiration and of asphyxia, with resultant atelectasis 
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or associated lesions, especially intracranial haemo- 

rrhage, are usually more important. 

2. Bacterial infection of the foetus may occur 

before the completion of the process of birth, either 

by aspiration or by transplacental transmission. The 

former is the more frequent and important. This in 

vestigation revealed no evidence that transplacental 

infection of the foetus is possible unless the mother 

is suffering from an infective disease severe enough 

to be clinically obvious. 

3. Bacterial infection of the foetus is posses 

ible by aspiration either of amniotic sac contents or 

of vaginal secretion. Sufficient evidence to prove 

that it had occurred was not obtained in the absence 

of such complications of labour as would be apt to 

cause infection of the uterine contents (e.g. pre- 

mature rupture of the membranes) or severe asphyxia 

of the child while it was still in the uterus or 

vagina. 

4. Bacterial infection by aspiration before 

birth produced a severe and progressive type of pneu- 

monia, which would almost certainly prove fatal in 

itself. It was accompanied by other effects of asphy- 

xia or birth trauma, which were often of an equally 

lethal character. 

5. The prevention of 'congenital pneumonia', 

whether of bacterial or non- bacterial origin, depends 
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on the prevention of those complication of labour 

that provide the conditions necessary for its occur- 

rence, and especially on the prevention of asphyxia - 

ton of the foetus severe enough to induce the pre- 

mature and vigorous respiratory efforts that cause 

excessive aspiration of contents of the uterus or 

vagina. 

(2). Pneumonia associated with predisposing 

factors connected with the birth process. There was a 

large group of cases in which there was no convincing 

evidence that infection had occurred before birth 

(often, indeed, it was probably postnatal), but in 

which the character of the pneumonia was modified or, 

it might be, its occurrence was determined, by condi- 

tions in the lungs resulting from trauma or stress of 

birth. The pulmonary conditions referred to were 

vater- logging with aspirated amniotic fluid, congestio 

oedema and haemorrhage resulting from asphyxia, and 

telectasis. Atelectasis was found to be so important 

n this connection that it requires special considera- 
ion. 

Atelectasis is described as being of two kinds: 

primary or congenital, when the lungs fail to expand 

after birth; and secondary or acquired, when, after 

expansion has taken place, they collapse owing to 

bronchial obstruction or from some other cause. 'Prim- 
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ary' atelectasis is perhaps misnamed, for it also has 

a cause. The diagnosis of atelectasis, so often made 

in cases of neonatal death, is never a complete dia- 

gnosis. It may be caused by obstruction to the entry 

of air by aspirated fluid or mucus or vernix membrane, 

or to the feebleness of extreme prematurity, or (and. 

this most often) to depression of the respiratory 

centre as a result of severe asphyxia suffered during 

birth. 

Yandall Henderson (1931) showed that, while 

asphyxia of moderate degree stimulates the respiratory 

centre, beyond a certain point it produces a depres- 

sant. effect, which may go on to complete paralysis. 

Many infants suffer during birth from asphyxia severe 

enough to produce a depressant effect, and difficulty 

is experienced in establishing respiration. koreover, 

this effect of asphyxia is not always fully overcome 

hen once the child has been induced to breathe, for 

the respiratory centre may continue to be in a state 

f subnormal activity for some time, so that respira- 

tion is feeble and full expansion and aeration of the 

lungs do not take place, the child remaining in this 

state sometimes for several days. An admirable exposi- 

tion of this condition of delayed or persistent as- 

phyxia was given by Cruickshank (1930) in his report 

to the Medical Research Council. 

The conditions in such lungs are closely similar 
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to those that obtain in the oedematous and under - 

ventilated lungs of debilitated older patients, in 

whom hypostatic congestion is notoriously apt to 

develop into hypostatic pneumonia, which is often 

caused by low -grade bacteria. Henderson (1931) drew 

a similar comparison between congenital atelectasis, 

post -operative massive collapse, post- anaesthetic 

collapse and collapse following carbon monoxide poi- 

soning, all of which have in common a tendency to be 

followed by pneumonia. 

Cruickshank (1930) laid great emphasis upon 

the importance of atelectasis as a factor predisposin . 

to pneumonia in the newborn. Henderson (1931) went so 

far as to, assert that, if effective steps were taken 

to ensure complete expansion of the lungs as soon as 

possible after birth, neonatal pneumonia would be 

largely eliminated. The procedure he advocated was to 

cause the child to inhale a mixture of carbon dioxide 

and oxygen for a few minutes at intervals during the 

first few days of life, as he found that even a de- 

pressed respiratory centre could be made to respond 

to an increased concentration of carbon dioxide. 

Facts observed during the course of the present 

investigation left no room for doubt that atelectasis 

and the congestion and oedema associated with it were 

of trie utmost importance in predisposing to the onset 

of pneumonia and determining its spread. Most cases of 
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this type were fatal in the first two or three days, 

but there were some with longer survival. The bacter- 

ia concerned were for the most part of types that are 

not usually regarded as pathogens of the respiratory 

tract, namely non -haemolytic and viridans type strep- 

tococci and coliform bacilli. 

The results of this study fully support the 

view advanced by Cruickshank (1930) and Henderson 

(1931), that if respiratory depression resulting fro 

birth asphyxia could be prevented or effectively 

treated, many infant lives could be saved that at 

present are lost from persistent atelectasis and fro 

pneumonia developing as a sequel to it. 

With regard to many cases in this group it was 

difficult to know whether pneumonia was or was not 

the direct cause of death. Some of the babies would 

probably have died from atelectasis or from associa- 

ted lesions such as intracranial haemorrhage, even 

had there been no pneumonia. But in others the pneu- 

monia was probably directly responsible for death, 

and in all it weighted the balance heavily against 

recovery. 

prom this study of the types of pneumonia that 

are most prevalent in the early days of postnatal 

life (those associated with prenatal aspiration, and 

those with congestion, oedema and atelectasis, which 

together accounted for nearly all the cases that were 
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fatal in the first three days), one fact that emerges 

clearly and unmistakably is the outstanding import- 

ance of asphyxia of the child during birth as a caus- 

ative factor. From the practical point of view other 

problems, such as whether infection takes place more 

often before or after birth and whether pneumonia can 

be caused by non -bacterial irritants in aspirated 

material, are of secondary importance as far as cases 

of these types are concerned. It is asphyxia that 

causes excessive aspiration of amniotic sac contents 

or vaginal secretion, and therefore underlies nearly 

all cases of true congenital pneumonia. It is asphyxia 

that produce's the pulmonary congestion and oedema, and 

sometimes the haemorrhage, that afford so favourable 

a medium for the proliferation of bacteria introduced 

either before or after delivery. It is asphyxia that 

causes the depression of the respiratory centre to 

which persistent atelectasis, with all its attendant 

dangers, is most often due. 

It may be doubted whether it is sufficiently 

clearly and universally recognised what risks to the 

child are incurred when asphyxia is permitted to de- 

velop beyond the moderate degree that is harmless and 

inevitable; and whether the question of prompt and 

effective treatment designed to prevent its persistent 

or delayed effects has been given the full attention 

it deserves in view of its extreme importance to the 
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preservation of infant life. 

(3). Pneumonia due to postnatal infection. 

The cases in which all the evidence pointed to infec- 

tion received after birth and in which special condi- 

tions dependent on the birth process did not appear 

to be an important contributary factor, included most 

of those with survival beyond the third day of life, 

and fèll into two groups - respiratory and haemato- 

genous infections. The respiratory tract infections 

formed much the larger group, and included cases of 

septic aspiration, typical bronchopneumonia, and the 

special types associated with pneumococcal and staphy 

lococcal infection. In the majority of these cases 

pneumonia was the direct cause of death. Pneumonia 

accounted for a high proportion of all the deaths 

after the first week of life investigated in the wholo 

series of 541 necropsies. 

The largest pathological group among the cases 

due to postnatal infection was that described as 'typ 

ical bronchopneumonia', in which the essential charac 

ters of the pathological process were similar to those 

of bronchopneumonia in older infants and children, and 

in which air -borne or droplet infection, entering the 

respiratory tract from the child's environment, appear 

ed to be the most probable manner of infection. In 

the special types of pneumonia associated with pneumo- 
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cocci and staphylococci also this mode of infection 

was the most probable. In certain of tree cases of 

haematogenous infection there was definite evidence 

of an extra -respiratory source, most often dermatitis 

or umbilical sepsis. In a few cases there was reason 

to believe that the blood infection originated in the 

mouth or upper respiratory tract. In several cases 

ihhe source was obscure. 

One of the most interesting features revealed 

by the investigation of the cases of postnatal infec- 

tion ofnboth types (respiratory and haematogenous) 

was the frequent appearance, as the causative organ- 

isms., of types of bacteria that seldom appear in a 

similar role in older subjects. The most conspicuous 

example of this was the group of coliform bacilli, on 

the subject of which some further discussion is neces- 

sary. 

It has been explained in an earlier section 

that stringent precautions were taken to exclude the 

fallacy of post -mortem and terminal invasions of the 

body by intestinal bacteria. At the outset of the in- 

vestigation the writer was profoundly sceptical about 

the production of pneumonia by organisms of the colon 

bacillus group. Cruickshank's criticism of the conclu- 

sions of Browne and others was weighty and reasonable, 

and evidence culled from the literature was of little 

account to refute it. But as the investigation pro- 
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ceeded it became more and more impossible to maintain 

the attitude of disbelief in face of the clear evi- 

dence,presented by case after case, that these organ 

isms were not mere incidental invaders and must be 

accepted as pathogens. As has already been explained, 

the profuse phagocytosis of bacilli by cells in the 

exudate in pneumonic areas, and the dependence of the 

pneumonic process on the distribution of the bacilli 

made any other conclusion unreasonable and untenable. 

Browne (1921 and 1922) considered that the 

frequent occurrence of Bact. coli in neonatal pneumon- 

ia was proof of the importance of infection received 

before or during birth. But this investigation showed 

that infection with Bact. coli occurred not only in 

cases in which prenatal or intranatal infection was 

probable or possible, but even more often in older 

babies in whom infection before or during birth was 

improbable or impossible, and that it was most often 

associated with pneumonia of a type that is much more 

likely to be caused by air -borne or droplet infection 

than by aspiration. That is to say, the most frequent 

- ppearances of organisms of the colon bacillus group 

were in cases of typical bronchopneumonia in babies 

more than a week old. It appeared also as a not in- 

frequent cause of septicaemia in cases without evi- 

dence of prenatal aspiration. 

This matter is important, because pneumonia due 
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to infection with coliform bacilli (other than the 

bacillus of Friedländer) seems to be peculiar to the 

neonatal period. In the present series its prevalence 

ended at the end of the third week of life. There was 

a child of 22 days who had septicaemia and pleurisy 

due to Bact. coli. The oldest child with a true Bact. 

coli pneumonia was 21 days old at death. The writer 

has carried out innumerable bacteriological examina- 

tions of cases of pneumonia in infants and children, 

and has never seen one caused by any member of the 

colon bacillus group after the first month of life. 

Yet during the first three weeks they are among the 

commonest of all bacteria associated with pneumonia. 

This is a remarkable fact for which a reason 

must be sought. If it cannot be wholly explained by 

special exposure to infection (and it has been shown 

that aspiration during birth can account for only a 

small proportion of the cases), it must surely indi- 

cate the existence of a special susceptibility in the 

newborn to infection with these organisms, and of a 

special liability to the development of such infection 

in unusual forms. 

In the literature there is a considerable body 

of evidence that suggests this special susceptibility 

in the newborn, with reference not only to pneumonia 

but also to general sepsis, and particularly to menin- 

gitis. according to Butler (1937), 'infection with 
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B. coli - - - is one of the most frequent causes of 

bacteriaemia in the newborn'. Dunham (1933), in a 

study of 59 cases of septicaemia in the newborn, re- 

ported 10 cases due to B. coli. Ylppö (1919), by tak- 

ing blood cultures by heart puncture immediately 

after death, found B. coli 6 times among 29 infants 

up to fifteen days old.. Merritt and Paige (1935) re- 

ported a case of septicaemia due to B. acidi lactici 

in a newborn infant. Park and 'Williams (1934) referre 

to 'a malignant septicaemia' which may be due to B. 

coli in.very young infants. Felty and Keefer (1924) 

referred to coli- septicaemia in the newborn originat- 

ing from umbilical sepsis. Cruickshank (1930) found 

B. coli frequently in cases of general sepsis, but 

considered it necessary to accept this finding with 

reservation, owing to the difficulty of obtaining 

blood cultures during life and the risk of contamina- 

tion of specimens collected after death. 

With reference to meningitis some interesting 

facts are on record. Cook and Bell (1922), who re- 

viewed the incidence of meningitis in early infancy, 

found that infection with B. coli and allied intestin- 

al bacteria was apparently peculiar to very young in- 

fants. This paper referred to the work of earlier 

observers, which showed that meningeal infection with 

organisms of this group is sharply limited to early 

infancy. Neal (1924) found 3 cases due to B. coli 
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among 50 cases of meningitis in infants under two 

months old. Cruickshank (1930) had 11 cases with :fact 

coli only among 33 cases of meningitis in newborn 

infants. Craig (1936) had 10 cases of pure Bact. coli 

infection among 21 cases of neonatal meningitis. In 

four of these the bacteriological diagnosis was made' 

from cerebro- spinal fluid procured during life. This 

series included a number of the writer's cases. 

There are also case reports of meningitis due to 

typical or atypical organisms of the coliform group 

by Ylppa (1919), Mulhern and Seelye (l956), Crockford 

(1938) and others, all in very young infants; and 

Park and Williams (1934) recognised .act. coli as the 

cause of some cases of meningitis in infancy. 

The writer has found that meningitis due to 

infection with Bact. coli and related organisms is 

practically confined to the neonatal period. Among 

several thousand necropsies performed on children up 

to twelve years of age, there was only one case of 

Bact. coli meningitis in an older child. The patient 

was four years old and had chronic mastoid suppura- 

tion and an abscess in one of the temporal lobes of 

the brain, to which the meningitis was secondary. 

Among the newborn babies, on the contrary, meningitis 

was due to these organisms more often than to any 

other type. In a number of the writer's cases the 

bacteriological diagnosis was made during life, from 
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cerebro- spinal fluid obtained by lumbar puncture, so 

post -mortem invasion could be ruled out; and in all 

cases that were accepted as being due to coliform 

bacilli when the bacteriological examination was made 

post -mortem, these organisms, and they only, were 

found in direct films of the meningeal exudate as 

well as in culture, and were plentifully ingested by 

phagocytic cells. 

From all the available evidence on the subject 

there can be no reasonable doubt that organisms of 

the colon bacillus group are a frequent - perhaps the 

most frequent - cause of neonatal meningitis, whereas 

they' very rarely cause meningitis in older subjects, 

even in slightly older infants. 

The various authors who have found that Batt. 

coli infections are common in the newborn have ad- 

vanced various explanations of their frequency. Ylppö 

(1919) believed that coli- sepsis often arises from 

the bowel, where lesions caused by small haemorrhages 

may allow the passage of bacteria into the blood. 

Cook and Bell (1922), who found that in cases of Bact. 

coli meningitis there was usually no other infective 

focus, also considered that the source was probably 

intestinal, and argued that it is justifiable to as- 

sume that the mucous membrane of the intestinal tract 

of young infants is more permeable to bacteria than 

that of older persons. Craig (1936), discussing menin- 
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gitis, considered on the contrary that alimentary 

infection is rare, and attached much greater impor- 

tance to the skin, mouth and respiratory mucous mem- 

brane as a source of blood infection. Butler (1937), 

quoting unpublished work by Penfold and herself, 

stated that ]pact. coli bacteriaemia in the child may 

result from intra- uterine manipulations during labour 

but this can apply only to sepsis developing in the 

earliest days of life. 

These suggestions offer an explanation for 

cases, of septicaemia and for haematogenous lesions 

such as meningitis, but they do not explain the lia- 

bility of the newborn child to develop primary infec- 

tions of the respiratory tract with organisms of trie 

colon bacillus group. The facts revealed by this in- 

vestigation suggest, not invasion of the body by any 

unusual route or by any method peculiar to the new- 

born, but a failure of the mechanism that, in older 

subjects, defends the body against virulent invasion 

by the coliform bacilli, whether by way of the blood, 

or the respiratory tract, or otherwise. 

It has been suggested that the susceptibility 

of the newborn to infection with organisms of the 

colon bacillus group is due to the absence of agglu- 

tinins for these organisms in their blood serum. As 

has been explained, an investigation was carried out 

to test the validity of this idea, the serum of a 
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number of newborn babies and, in some cases, of their 

mothers also, being tested for agglutinins against 

several strains of organisms of the Bact. coli group. 

The results of this investigation were not in agree- 

ment with the statement that agglutinins for tilese 

organisms are not present in the serum of the new- 

born. They are quite often present, though seldom in 

other than low concentration, and their presence and 

amount depend on their concentration in the serum of 

the mother. 

But the results obtained raised doubts as to 

whether, even in the adult, immunity to infections 

with these organisms can depend to any great extent 

upon the of antibodies in the blood serum. 

The inconstancy of the presence of agglutinins for 

one or other of the strains tested, even in the adult 

sera, and the specificity of the agglutinins for, it 

might be, only one of several strains, were most re- 

markable. These findings were in accord with the 

results of experimental immunological studies of the 

Bact. coli group. Zinsser and Bayne -Jones (1934) 

stated that high agglutination values are obtained, 

by immunisation with Bact. coli, only for the culture 

used; and Muir and Ritchie (l932), quoting work by 

Mackie, stated that to study of the agglutination 

reactions of this group with the sera of animals 

immunised with various strains, has shown extremely 
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limited specificity of the agglutinin, restricted 

practically in its action to the individual strain 

used for immunisation'. These facts make it impos- 

sible to believe that these antibodies could provide 

substantial protection against the whole Bact. coli 

group. 

Another suggestion that has been made repeat- 

edly is that the special susceptibility of the new- 

born to infection is attributable to their inability 

to produce an adequate inflammatory response to bac- 

terial invasion, this failure of reaction being mani 

fested by an absence or scarcity of polymorphonuclea 

leucocytes in the inflammatory exudate. The views of 

Ylppö (1919), Browne (1921 and 1922), Gordon and 

Lederer (1928), and Müller and Bayer (1934), all of 

whom held this opinion, have already been quoted. It 

is evident from the descriptions given in the fore- 

going pathological study that the writer's experienc 

is entirely at variance with this idea. There was 

never any scarcity of polymorphonuclear leucocytes 

in the exudate in any case of pneumonia studied dur- 

ing this investigation, or in any other acute ïnflam 

oratory lesion of the newborn seen by the writer. 

And further, if active phagocytosis of invading bac- 

teria can be interpreted as a defensive reaction on 

the part of cells, there was certainly no lack of 

that type of defence against invasion by organisms of 
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the colon bacillus group. 

It would appear, then, that these seeming - 

plausible explanations of the special susceptibility 

of the newborn to infection, put forward by past 

workers and accepted by their successors, do not 

emerge with credit from a more critical scrutiny, and 

the true explanation remains for the future to find. 

It may be tentatively suggested that it may perhaps 

ultimately'be found to lie in the direction of local 

tissue immunity, concerning which little is at pre- 

sent known. Bact. coli and related organisms, as is 

well known, are not under all circumstances non- 

pathogenic to older persons. Harmless though they are 

in the intestine, let them establish themselves in 

the urinary tract or the peritoneum, and they exhibit 

the qualities of virulent pyogenic bacteria. It is 

probable that the normal harmlessness of intestinal 

colon bacilli is at least in part due to the fact 

that the intestinal mucous membrane resists invasion 

by them and prevents their gaining access to the 

blood and to other tissues, except in small and harm- 

less numbers. This may well be due to the acquisition 

by this membrane of a local immunity against these 

ever -present organisms. 

The same may be true of the respiratory mucous 

membrane, especially that of the upper respiratory 

tract. Organisms of the colon bacillus group are not 
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infrequently present in the mouth, nose and pharynx 

of healthy people. Gundel and Schwartz (1931 -32) 

found them quite often in swabs from the upper res- 

piratory tract of puerperal women and maternity hos- 

pital nurses. But in adults they seem to be as harm- 

less in this situation as in the bowel. Not so in the 

newborn child. It may be suggested that local immun- 

ity of the mucous membrane to invasion by these org- 

anisms is acquired by constant or repeated contact 

with them, and that it is absent, or at least very 

incomplete, at birth and is gradually developed dur- 

ing the first weeks of life. There would thus be a 

period immediately following birth, when these organ - 

isms first enter the body of the child and for a time 

thereafter, when there is a greater risk of virulent 

invasion of the blood and tissues, which may produce 

disease. 

This may apply to some extent to the intestinal 

mucous membrane, and may explain some of the cases of 

Bact. coli septicaemia for which no obvious source is 

found. But no doubt, in the case of the intestine, 

where colon bacilli must inevitably, speedily and 

numerously arrive very soon after birth, any early 

tendency to virulent invasion must quickly be over- 

come. In the case of the respiratory tract, where 

colon bacilli are not regularly present, the tendency 

to virulent invasion is probably greater and likely 
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to be more prolonged. koreover, it is probably exag- 

gerated in the case of premature babies, thus ac- 

counting for their greater susceptibility to infec- 

tion. 

This suggestion that the greater susceptibili- 

ty of the newborn to infection with the coliform bac- 

illi is due to the absence of an adequate local im- 

munity of the mucous membranes, is hypothetical and 

is hardly capable of proof at the present time. But 

the facts that it has been put forward to explain 

are definite and, in the writers opinion, fully 

proved: that for a period after birth the newborn 

child is exposed to a risk of virulent infection by 

these organisms, which does not exist in later life; 

that this risk is greatest at the beginning, alid is 

almost overcome by the end of the first month; and 

that the danger to the child is greatest when these 

organisms invade the respiratory tract. 

The subject of colon bacillus infections has 

been discussed at length because it provides such 

definite evidence of special susceptibility in the 

newborn; but it is not only with regard to these 

organisms that the special susceptibility is mani- 

fested. It is shown to some extent by the frequency 

of infection with the non -haemolytic streptococci, 

but the relative rarity of pure infections weakens 

the case against these organisms. Staphylococcal 
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pneumonia is another interesting example. It is not 

confined to the neonatal period, or even to childhood, 

but it is rightly regarded as something of a rarity 

in older persons, whereas it is comparatively common 

in the newborn. It is significant also that in most 

cases in adults the invasion of the lungs by staphylo- 

cocci is preceded by infection of some other kind, 

most often influenza. Apparently staphylococci, which 

ordinarily are incapable of virulent invasion of a 

healthy respiratory tract, become dangerously patho- 

genic when the mucous membrane has been rendered vul- 

nerable by a preceding infection. In the newborn the 

staphylococcal infection is primary and pure in most 

cases; the staphylococci are able to exert their full 

and virulent pathogenic action on the respiratory 

tract without the help of any antecedent or coincident 

infection of another kind. Menten, Bailey and de Bone 

(1932) noted a special propensity on the part of 

staphylococci for 'producing disease in infants that 

is not so evident in older persons'. The special sus- 

ceptibility to staphylococcal infections of the res- 

piratory tract is not so definitely restricted to the 

neonatal period as in the case of colon bacillus in- 

fections; it persists into later infancy, but akpears 

to be greatest in the newborn. 

The results of this study of postnatal infec- 

tion point clearly to one conclusion of outstanding 
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importance: the vital need for the most scrupulous 

attention in every detail to hygienic measures direct - 
I 

ed towards guarding the newborn against exposure to 

infection, especially infection of the respiratory 

tract, and the necessity that those who are charged 

with the care of the infants should clearly realise 

t.Lze extent of the risk against which they must be pro 
t 

tected. All are agreed that newborn babies ought not 

to be exposed to infection by contact with persons 

who are harbouring known pathogenic bacteria, but it 

is not so fully understood that organisms that are 

common and harmless commensals in the mouth, nose and 

pharynx of older people are potentially dangerous 

pathogens to the newborn. 

It follows that very young infants should be 

handled and fondled as little as may be by older 

people; that crowded conditions, in which the bacter- 

ial content of the atmosphere is bound to be high, are 

dangerous to them; and that attention to the nyglene 

of the baby's mouth and nose, and of the mother's 

breast when she suckles her child, cannot be too care- 

ful. This has a bearing upon the care of newborn bab- 

ies in their homes. It applies with equal, or even 

greater, cogency to the practice of infant hygiene in 

maternity hospitals, for when the conditions therein 

fall short of the best attainable the babies may be 

exposed to risks that are not always fully realised. 
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It is clearly undesirable that they should spend more 

time than that needed for suckling in the adult wards 

where the constant presence of many older people, and 

of patients who are being nursed in bed, must create 

an atmosphere too rich in bacteria to be suitable 

for young infants. It would also seem to be inadvis- 

able that the nursing staff in charge of the adult 

wards should at the same time have the care of the 

babies, because the regime of neonatal hygiene, if it 

is to be really satisfactory, requires the constant 

supervision of one who has special experience, and 

because, if nurses have to divide their attention 

between mothers and babies, there are obvious risks 

of lapses in hygienic technique, which may open the 

way to dangerous infection. 

An interesting confirmation of the truth of 

these conclusions is afforded by a comparison of tine 

records, as regards neonatal pneumonia, of two hospi- 

tals that contributed cases to this investigation. 

Hospital A is in an old building, obsolete and about 

to be superseded by a modern hospital. It is situated 

in a closely built area and has no open space in its 

immediate neighbourhood. Its accommodation is insuf- 

ficient to meet the demands made upon it and tigere 

are no adequate facilities for the care of the oabies 

according to modern ideas. The babies ordinarily 

share the adult wards with their mothers, only those 
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who require special attention being removed to a 

separate nursery; and they are in the care of tile 

nursing staff of their wards, upon whom devolves at 

the same time the care of the mothers. The medical 

and nursing staff thus have to work under the disad- 

vantage of conditions that make a really satisfactory. 

regime of infant hygiene completely impossible. 

Hospital B is modern, housed in a building 

erected not' many years ago. It has an open sunny 

situation facing a large park. It is planned in ac- 

cordance with present -day practice and is not over- 

crowded. The babies have their own nursery, an airy 

and sunny room, and go to their mothers' wards only 

for suckling. There is ample provision for the isola- 

tion of any child who develops an infective condition 

The baby nursery is under the permanent charge of a 

sister who is specially experienced in infant manage- 

ment, and a hygienic regime of a very high standard 

is maintained. 

The conditions under which the babies live in 

the two hospitals are therefore sufficiently differen 

in certain essential respects to make a comparison of 

the results obtained both interesting and intructive. 

During the four years of this investigation it was tilE 

practice of both hospitals to have necropsies perform- 

ed on the majority of live -born infants who died 

in hospital. The proportion of fatal cases examined 
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Neonatal pneumonia in two hospitals. 

HOSPITAL A. 

All necropsies 

Number of Cases. Percent. of all Pneumonia. Percent. of all Necropsies. 

All pneumonia cases 117 
32.7 

Pneumonia in first 3 days 42 36 11.7 
Pneumonia in first week 66 58 19 
Pneumonia after first 3 days 75 64 21 

Pneumonia after first week . 49 42 13.7 
Postnatal air -borne infection 51 43.5 14.2 

All necropsies 

HOSPITAL 

Percent. of all Pneumonia. 'Percent. of all Necropsies. 

-L- 

Number of Cases., 

110 

All pneumonia cases 24 20 
Pneumonia in first 3 days 18 

7`.: 15.4 
Pneumonia in first week 23 96 19.5 
Pneumonia after first 3 days 6 25 5 
Pneumonia after first week 1 4 o.8 
Postnatal air -borne infection 2 8.3 1.7 
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post -mortem was rather higher in Hospital B, where 

permission for a necropsy was invariably sought and 

very rarely refused. The number of necropsies in 

cases of still -birth was much smaller, but proportion- 

ately similar in the two hospitals. The figures pre- 

sented in Table 11 thus represent a fair comparison 

of the records :vith regard to neonatal pneumonia. 

It is shown that the percentage of necropsies 

in which pneumonia was found was considerably higher 

in Hospital A than in Hospital B, the figures being 

32.7 and 20 respectively. The contrast is more strik- 

ing and much more significant when a comparison of 

the pneumonia cases in the two hospitals is made in 

respect of age incidence and pathological type. In 

Hospital A a majority (64 per cent) of the pneumonia 

cases occurred after the third day of life, and 42 

per cent after the end of the first week; and cases 

occurred right up to the 28th day. In Hospital B no 

more than one quarter of the pneumonia cases occurred 

after the third day, and only one child died with 

pneumonia after the first week. 

In Hospital A cases of the types caused by 

postnatal air -borne or droplet infection (broncho- 

pneumonia excluding food aspiration, staphylococcal 

and pneumococcal pneumonia), of which there ïere 51 

cases, represented 43.5 per cent of all pneumonia 

cases and 14.2 per cent of all necropsies. In Hospital 
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B there were only 2 cases of these types, represent- 

ing 8.5 per cent of all pneumonia cases, and 1.7 per 

cent of all necropsies. 

It is thus shown that in Hospital A primary 

pneumonia due to postnatal respiratory tract infection 

accounted for not far short of half of all the pneu- 

monia in the newborn, and was responsible for a sub- 

stantial proportion of the total neonatal mortality. 

Bacteriological examinations, which _ere carried out 

with positive results in 39 cases, showed that tue 

principal infecting organisms were streptococci in 

8 cases (S. haemolyticus in 3), staphylococcus aureus 

in 8, pneumococcus in 3, coliform bacilli in 16, and 

mixed in 2. The virulent respiratory tract pathogens 

(streptococcus haemolyticus, pneumococcus and B. in- 

fluenzae) were thus of less frequent occurrence than 

other common organisms (staphylococcus aureus and 

coliform bacilli), which occur as commensals in the 

mouth and throat, or otherwise about the persons of 

many healthy people, and might be expected so to occur 

with increased frequency in the case of adult patients 

who are being nursed in bed and of nurses in .attend 

ance on them, and to be present in the atmosphere of 

their wards. There were in addition 11 septicaemic 

cases definitely attributable to postnatal infection. 

In Hospital B nearly all the pneumonia that 

occurred among the newborn was either congenital 
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(i.e. due to birth aspiration) or secondary to lung 

injury caused by stress of birth, or to massive pul- 

monary haemorrhage; and most of these cases had nega- 

tive or inconclusive bacteriological results. There 

were 2 septicaemic cases, one a staphylococcal pyaem- 

ia secondary to dermatitis, the other a Bact. coli 

septicaemia with pleurisy and meningitis, of uncer- 

tain origin. This latter was the case of a child 

whose mother had a Bact. coli pyelitis, and it was th . 

only proved case of Bact. coli infection from this 

hospital in the whole pneumonia series. Primary pneu- 

monia due to postnatal respiratory tract infection 

was of very rare occurrence. Actually there was only 

one clear case, but a second has been included be- 

cause, although there were unusual features, postnata 

infection was thought to be the most probable cause. 

This was the case of an asphyxiated baby with vernix 

membrane, who was believed to have been infected by 

mouth -to -mouth insufflation practised for the purpose 

of resuscitation. In both these cases bacteriological 

examination showed a pure infection with B. inf:Luenzae 

:oth occurred during the spring of 1937, when influen- 

a was rife in the community. At such a time the pre - 

alence of Pfeiffer's bacillus may have been increased 

nd it is probable that this virulent pathogen was 

conveyed to both the babies by infected persons or 

carriers among the hospital personel or by their own 
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mothers. There was no instance of primary pneumonia 

due to infection with staphylococci or coliform bacil -1 

li. It is the remarkable truth that, but for the two 

cases mentioned, this hospital was free from fatal 

postnatal primary respiratory infections among the 

babies for the entire period of four years covered by 

the investigation. 

It is not to be believed that this difference 

in the incidence of postnatal respiratory infection 

is unconnected with the different conditions under 

which the babies lived in the two hospitals. The facts 

revealed by this comparison afford strong support for 

the general thesis herein presented, and much encour- 

agement may be had from them. For they show that pneu- 

monia in the newborn due to postnatal infection is 

preventable and can be almost completely eliminated by 

scrupulous attention to hygienic principles that are 

already known. There is therefore good hope that, when 

the vital importance of those principles is more clear- 

ly realised, and when hygienic practice guided by them 

is more universally adopted, the present high mortal- 

ity from this type of pneumonia will drop to a low 

level, and the neonatal deathrate will be in conse- 

quence materially reduced. 
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CONCLUSIONS. 

The principal conclusions arrived at as a re- 

sult of this investigation may be briefly summarised 

as follows; - 

1. Neonatal pneumonia is a common and deadly 

disease and is responsible for a considerable propor- 

tion of the whole neonatal mortality. The clinical 

diagnosis of this condition is difficult and uncer- 

tain, the treatment unsatisfactory, the outcome all 

but invariably fatal. The only hopeful approach to 

the problem it presents is by way of prevention. 

2. The prevention of the types of neonatal 

pneumonia that prevail in the earliest days of life 

is, in the main, an obstetrical problem. Conditions 

produced by certain complications of labour, or by 

delay in delivery, are either the direct cause or an 

extremely important predisposing factor. Among these 

conditions foetal asphyxia is the most important. 

If these conditions were prevented or successfully 

treated, not only would the mortality directly due to 

them be avoided, but the types of pneumonia associated 

with them would be eliminated. 

3. Prevention of pneumonia developing later in 

the neonatal period (i.e. after the first three or 

four days) is entirely a problem of hygiene and nurs- 

ing care. Newborn babies must be protected, not only 

from infection with recognised pathogens, but also 
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from conditions that occasion a too heavy invasion of 

the respiratory tract by common commensals, of which 

the most dangerous are staphylococcus aureus and org- 

anisms of the colon bacillus group. To accomplish thi 

demands a hygienic regime of a very high standard. 

The maintenance of the necessary standard is particu- 

larly important in institutions, where otherwise con- 

ditions may favour the spread of infection among the 

many susceptible infants. It can be asserted quite 

definitely that this type of pneumonia is preventable 

and could be almost completely abolished if a satis- 

factory system of neonatal hygiene were universally 

practised. 
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SUMMARY. 

An extensive review of the literature showed 

that a considerable amount of study has been devoted 

to pneumonia in the earliest days of life, but that 

no unanimity of opinion has been reached with regard 

to its usual mode of production; that relatively 

little attention has been paid to the types and 

causes of pneumonia occurring later in the neonatal 

period; and that knowledge of the bacteriology of all 

types of neonatal pneumonia is very incomplete. 

The present investigation was based on a ser- 

ies of 541 necropsies performed on stillborn foetuses 

and liveborn infants who survived not more than 28 

days. 

Among these there were 177 cases Ç32.7 per 

cent) with acute inflammatory changes in the lungs. 

In 174 cases pneumonia was present; in 3 only the 

bronchi were inflamed. 

The facts relative to sex, age and seasonal 

lincidence in this series are given. 

In the pathological study the cases are divide 

according to their principal pathological characters 

into four groups:- (1) pneumonia associated with as- 

piration of contents of the amniotic sac or vagina; 

(2) pneumonia associated with other pulmonary condi- 

tions caused by stress of birth or otherwise peculiar 
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to the newborn; (3) bronchopneumonia and allied types 

(postnatal respiratory infections); and (4) septicae- 

mia with secondary (haematogenous) involvement of 

the lungs. 

The pathological features of each type are 

described; relevant facts from the clinical and mater 

nal history, and the results of bacteriological exam- 

ination are recorded; and an attempt is made to deter 

mine the probable method and time of infection, wheth 

er before or after birth. 

It 'is, shown that congenital pneumonia certain 

ly occurs, but proof of bacterial infection received 

before birth iS often not obtainable. It cannot be 

assumed that all cases associated with aspiration of 

liquor amnia are examples of prenatal bacterial in- 

fection. Other possible explanations of these cases 

are discussed. 

Congestion, oedema, atelectasis and haemorrhage 

resulting from stress of birth or otherwise, are of 

great importance as conditions predisposing to pneu- 

monia in the early days of life. 

Among postnatal respiratory tract infections 

the principal types are typical bronchopneumonia, due 

to various bacteria, and special forms caused by 

staphylococcal and pneumococcal infection. 

Staphylococcal infection produces a type of 

pneumonia with distinctive characters, leading to 
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widespread suppuration. 

Pneumococcal infection, when pure, often pro- 

duces a special type of pneumonia, which has some 

features resembling lobar pneumonia but differs in 

the extent and distribution of the consolidation. 

The term 'alveolar pneumonia' is suggested for this 

type. 

Metastatic lesions in the lungs resulting from 

septicaemia take various forms, of which a descrip- 

tion is given. A form that is apparently peculiar to 

young infants is described: a septic pleurisy followe 

by lymphogenous invasion of the lungs by the inflam- 

matory process. An anatomical explanation of the oc- 

currence of this process only in very young subjects 

is offered. 

In this series of cases pleurisy occurred with 

septicaemia and when pulmonary suppuration was pre- 

sent, but not otherwise. 

The relation between age and pathological type 

of pneumonia is discussed. 

In the bacteriological study the results of 

exa iination of 150 cases are presented. 

The relation of the bacteriology to the patho- 

logical type of pneumonia and to the age at death is 

discussed. 

An account is given of each of the types of 

bacteria concerned, as regards its frequency, patho- 
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genic action and other relevant matters. 

Tree prominent part played by organisms of the 

colon bacillus group is noted. They were of frequent 

occurrence in cases of postnatal infection, as well 

as in those due to infection received before or dur- 

ing birth. The precautions taken to avoid the fal- 

lacy of postmortem and terminal invasion by these 

organisms are described. 

Observations on the bacterial flora of the 

mouth and throat of the newborn are recorded, and an 

account is given of previously published work on 

this subject. 

It is concluded from this study that bacteria 

derived from the environment after birth are in gen- 

eral more important than bacteria aspirated during . 

birth. 

In view of the evidence of special suscepti- 

bility in the newborn to colon bacillus infections, 

series of agglutination tests was carried out, in 

order to determine whether susceptibility could be 

explained by an absence of antibodies for these org- 

anisms in their blood serum. 

It was found that agglutinins for organisms of 

the Bact. coli group were often present in low con- 

centration in the blood serum of the newborn, and oc- 

casionally in higher concentration, depending upon 

the amount of agglutinin in the blood serum of tie 
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mother. 

The inconsistent results obtained with differ- 

ent strains of the colon bacillus. group cyst doubt 

upon the efficacy of protection conferred by agglu- 

tinins against these organisms. 

In the general discussion the importance of 

the preventive approach to the problem of neonatal 

pneumonia is emphasised. 

The intimate connection between complications 

of labour and those types of pneumonia that prevail 

in the earliest days of life is indicated. 

The causes and effeots of atelectasis in rela- 

tion to neonatal pneumonia are discussed. 

In connection with pneumonia due to primary 

respiratory tract infection after birth, the signifi- 

cance of colon bacillus infections is discussed. The 

frequency of pneumonia due to these organisms is be- 

lieved to indicate a special susceptibility in the 

newborn. 

Further evidence of this susceptibility is 

found with reference to septicaemia and meningitis 

in the newborn. 

A similar susceptibility is manifested towards 

other common organisms, notably staphylococci. 

Possible explanations of this susceptibility 

are discussed. 

In view of t_ie special susceptibility of tile 
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newborn to infection with common organisms that occur 

as commensals in older persons, the environmental 

conditions of newborn babies and the practice of neo- 

natal hygiene of the highest possible standard are 

vitally important. 

The truth of this contention is illustrated by 

a comparison of the incidence of neonatal pneumonia 

in two hospitals. 

The conclusion is reached that neonatal pneu- 

monia is to a great extent preventable. The prevention 

of those types that are prevalent in the earliest days 

is an obstetrical problem and would be in large meas- 

ure achieved by the avoidance of severe foetal asphyx- 

ia. Cases due to postnatal infection can be prevented 

by strict attention to hygienic principles. 
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ILLUSTRATIOîvS . 



Fig. 1. Healthy lung of deá.d -born foetus, showing 
average amount of dilatation, with a small quan- 
tity of protein deposit from fluid; no solid am- 
niotic debris. Stain: H.& E. x 70. 

Fig. 2. Lung of infant 1 day old, showing incom- 
plete expansion: aerated alveoli are separated by 
groups of unexpanded alveoli. Stain: H.& E. x 70. 



Fig. 3. Lung of asphyxiated infant 1 day old: 
profuse haemorrhage into interlobular septa; 
atelectasis. Stain: H.& E. x 25. 

Fig. 4. Lung of dead -born infant, showing a large 
excess of solid amniotic debris, chiefly corni- 
fled epithelial cells. Stain: H.& E. x 250. 



Fig. 5. Lung of dead -born infant: bronchioles 
and alveoli are distended with solid amniotic 
debris and meconium. No pneumonia. Stain: li.& E. 

x 60. 

Fig. 6. Lung of dead -born infant: alveoli 
ed with amniotic debris; a small patch of 
monia near the wall of a large bronchus. 

Stain: H.& E. 

distend- 
pneu- 

x 85. 



Fig. 7. Lung of dead -born infant: Pneumonic 
exudate among a deposit of cornified cells in 
aspirated liquor amnii. Stain: H.& E. x 250. 

Fig. 8. Lung of dead -born infant: inflammatory 
exudate mixed with meconium in a bronchus; pneu- 
monia developing in adjacent alveoli. 

Stain: H.& E. x 80 



Fig. 9. Lung of infant 3 hours old: a solid mass 
of vernix in an alveolar duct; inflammatory reac- 
tion develpping; no aeration of this part. 

Stain: H.& E. x 220. 

Fig. 10. Lung of infant 1 hour old: vernix masses 
becoming adherent to wall of distended alveolar 
duct; alveoli unexpended; no pneumonia. 

Stain: H.& E. x 220 



Fig. 11. Lung of infant 12 hours old: vernix 
membrane lining walls of dilated alveolar ducts; 
alveoli unexpanded; no pneumonia. Stain: H.& E. 

x 250. 

Fig. 12. Lung of infant 2 days old: extensive 
vernix membrane lining bronchioles and alveolar 
ducts, which contain inflammatory exudate; wide- 
spread pneumonia in atelectatic alveoli. 

Stain: H.& E. x 80. 



Fig. 15. Lung of infant 3 days old: alveolar duct 
lined with a thick continuous layer of vernix 
membrane and filled with inflammatory cells. 

Stain: H.& E. x 210. 

Fig. 14. Lung of infant.1 day old, showing acute 
over -distension of bronchioles and alveolar ducts, 
and atelectasis of alveoli. Case of vernix mem- 
brane without pneumonia. Stain: H.& E. x 60. 



Fig. 15. Lung of infant 3 days old: Massive pul- 
monary haemorrhage: a bronchus and alveoli com- 
pletely filled with blood; no pneumonia. 

Stain H.& E. x 70. 

Fig. 16. Lung of infant 9 days old, showing pneu- 
monic exudate developing in area of massive haemo- 
rrhage. The pale background is lysed blood fill- 
ing alveoli. Stain; H.& E. x 80. 



Fig. 17. Lung of infant 10 days old: Pneumonia 
following aspiration of gastric contents: con- 
solidation with exudate and haemorrhage; commen- 
cing digestion of affected part. Stain: H.& E. 

x 70. 

Fig. 18. Lung of infant 25 days old, showing 
bronchopneumonia: a bronchus filled with cellular 
exudate, the walls densely infiltrated; consolida- 
tion of adjacent alveoli. Stain: I3.& E. x 80. 



Fig. 19. Lung of infant 21 days old, showing con- 
fluent bronchopneumonia: small bronchi with in- 
flamed and denuded walls; alveolar consolidation 
lacking uniformity. Stain: H.& E. x 60. 
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Fig. 20. Lung of infant 8 days old. Case of 
bronchopneumonia (Bact. coli): to show cells in 
exudate, polymorphonuclear leucocytes predomin- 
ating. Stain: H.& E. x 420. 



Fig. 21. Lung of infant 11 days old. Staphylo- 
coccal pneumonia, early stage: massive haemorrhag- 
ic consolidation; suppuration beginning in a 
bronchus. Stain: H.& E. x 75. 

Fig. 22. Lung of infant 18 days old. Staphylo- 
coccal pneumonia, early stage: suppuration 
spreading along several branches of a bronchus. 

Stain: H.& E. x 50. 



Fig. 23. Lung of infant 16 days old. Staphylo- 
coccal pneumonia, later stage: complete disorg- 
anisation of lung, with spreading suppuration. 

Stain: H.& E. x 50. 

Fig. 24. Lung of infant 18 days old. Staphylo- 
coccal pneumonia: masses of staphylococci in an 
area consolidated with purulent exudate and 
haemorrhage. Stain: H.& E. x 55. 
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Fig. 25. Film of pus from lung; case of staphylo- 
coccal pneumonia: to show the immense numbers 
of staphylococci in the exudate. Stain: Gram. 

x 1100. 

Fig. 26. Lung of infant 3 days old. Pneumococcal 
alveolar pneumonia: to show the sharply defined 
edge of a consolidated patch, bounded by inter- 
lobular septa. Stain: H.& E. x 60. 



Fig. 27. Lung of infant 12 days old. Pneumococcal 
alveolar pneumonia: massive uniform consolidation; 
bronchi filled with exudate but well preserved, 
with intact epithelium. Stain: H.& E. 

x 65. 

Fig. 28. Lung of infant 21 days old. Pneumococcal 
alveolar pneumonia: massive consolidation with 
uniform cellular exudate, which completely fills 
the alveoli. Stain: H.& E. x 120. 



Fig. 29. Lung of infant 7 days old. Staphylo- 
coccal pyaemia: an artery blocked with septic 
clot, at the edge of an abscess. 

Stain: H.& E. x 60. 

Fig. 30. Lung of infant 6 days old. Septic 
lymphangitis accompanying pleurisy (haematogen- 
ous infection): pleural lymph vessel distended 
with pus; early spread of inflammation to sub- 
jacent lung. Stain: H.& E. x 60. 



Fig. 31. Lung of infant 4 days old. Septic 
lymphangitis accompanying pleurisy: a lymph ves- 
sel in an interlobular septum filled with pus; 
spread of suppuration to tissue of septum and 
consolidation of adjacent alveoli -. Stain: H.& E. 

x 75. 

Fig. 32. Lung of infant 6 days old. Septic 
lymphangitis accompanying pleurisy: perivascular 
lymph vessels of deep pulmonary vein filled 
with pus. Stain: H.& E. x 60. 



Fig. 33. Lung of infant 4 days old. Septic 
lymphangitis accompanying pleurisy: deep venous 
lymph vessels distended with pus; commencing 
spread of inflammation to surrounding alveoli. 

Stain: H.& E. x 180. 
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Fig. 34. Film of exudate from lung in a case of 
Bact. coli bronchopneumonia, showing several 
phagocytes packed with ingested bacilli; many 
organisms also lying free. Stain:. Gram. x 1100. 



Fig. 35. Lung of infant 6 days old: case of 
Bact. coli bronchopneumonia: to show profuse 
phagocytosis of bacilli by cells in the exudate. 

Stain: Gram. x 900. 

Fig. 36. Lung of infant 4 days old: case of 
Bact. coli bronchopneumonia. Almost every cell 
is packed with bacilli; very few organisms are 

lying free. Stain: H.& E. x 900. 



Fig. 57. Thoracic organs of infant 6 hours old. 
Massive pulmonary haemorrhage: both lungs almost 
completely consolidated by haemorrhage. 

Natural size. 


