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Infection, usually manifesting itself
with pneumonia, is a significant fac-
tor in neonatal mortality, with death
occurring during the first 28 days of
life. Some twenty years ago it was res-
ponsible for 13.7 per cent of the neo-
natal deaths [17] and its incidence is
still high [20]; for instance, in a post-
mortem study of 352 newborns pneu-
monia was revealed in 155 cases [9],

Pneumonia in the newborn may
develop before, during or after
birth. Transfer of pathogens from
mother to foetus is the cause of pre-
natal pneumonia. Premature escape of
the amniotic fluid may give rise to
ascending infections. If the newborn
is infected during delivery, it is from
the genitals [20] or the intestines [1]
of the usually healthy mother that the
pathogens gain, mostly by aspiration,
access to the infant’slungs, since pro-
longed labourand a premature rupture
of the membranes promote the develop-
ment of ascending infections. Adults,
other infants and contaminated ob-
jects in the surroundings of the infant
are the sources of postnatal infection.

Infections in utero are usually con-
sidered more dangerous than those
acquired by inhalation because in the

former case bacterially contaminated
fluid gains access to the lungs [11].
Potter [23] attributes to aspiration
the pneumonias developing the first
postnatal days. According to Crai-
reaux [6] about 50 per cent of the
pneumonias arise in consequence of
aspiration before and during delivery.
The autopsy findings of 55 newborns
[1] revealed massive aspiration in 17,
moderate aspiration in 20, slight aspi-
ration in 18 cases. The fact that very
few bacteria were found in the pneu-
monic areas made it probable that
the pathogenicity of bacteria was en-
hanced by congestion in the respira-
tory passages obstiucted by the
aspirated amniotic fluid, vaginal secre-
tion or meconium. On the other hand,
it was only in two instances that Pen -
ner and Meclnnis [22] could find a
considerable amount of amniotic fluid
in the Iungs, while Torrey and Reese
[36] isolated staphylococci from 50
per cent of 2-day-old and 90 per cent
of 4 to 10-day-old infants, a sign of
environmental infection.

The high incidence of infections
acquired in utero or during delivery
must be regarded as a warning that
adequate preventive measures should
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be taken before birth in certain
instances and during labour in others.
Such measures require a close co-ope-
ration between obstetrician and paedi-
atrician; the prolongation of labour
may be harmless for the mother when
ascending infection has already in-
duced pneumonia in the infant.

To institute adequate measures, two
fundamental questions have to be
cleared, viz. (i) which are the patho-
gens involved, and (ii) is there a differ-
ence between the pneumonia of the
newborn and that of other patients
in the paediatric age group.

Material

The correct diagnosis of neonatal
pneumonia often presents difficulties [35],
It is easily confounded with the hyaline
membrane syndrome, atelectasis, respira-
tory disturbances due to pulmonary and
cerebral haemorrhage or malformations.
Not even gross post-mortem examination
always discloses it reliably. In the follow-
ing, therefore, only histologically verified
cases of pneumonia will be presented.
There were 23 such cases in our material.
Our investigations were extended in
addition to 11 cases of hyaline membrane
syndrome and 7 cases of atelectasis, all
of them confirmed histologically. The
post-mortem findings in 88 other new-
borns and 13 infants and young children
were also considered.

Pathogenicity of the Ilsolated

Bacteria

A problem we were repeatedly con-
fronted with in earlier investigations
[31—35] was the causal connection
between the histologically verified
pneumonia and the bacteria isolated
from the coughed-up secretion or that
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obtained from the glottis, subglottis,
bronchi, and needle biopsy material.
First it was thought that the identity
of bacteria recovered during life from
the pharynx and those found in pure
culture in the autopsied lung might
be accepted as proof of a causal con-
nection. Further considerations and
some recent reports, however, have
warned from drawing such definite
conclusions. Provided the defence
mechanism of the organism is unim-
paired,there areno bacteria to be found
in the lungs of healthy persons, while
after death the lungs often contain
bacteria with or without concomitant
pneumonia.

The presence of bacteriain the lungs
at autopsy may indicate several possi-
bilities.

(1) The pneumonia had been due to
the bacteria recovered post-mortem.
This may be proved sometimes by a
characteristic histology, and the iden-
tity of the micro-organisms isolated
from the area of inflammation and the
macrophages, and those cultured from
the circulating blood during life. A
characteristic feature in such cases is
a mass of bacteria forming clouds not
only in the smears but also in the his-
tological sections of the focus [12].

(2) The pneumonia had not been
caused by the isolated bacteria; these
had gained access to the lungs second-
arily as pathogens or saprophytes.
For example, in cases of pneumococ-
cal pneumonia the place of the Diplo-
coccus pneumoniae destroyed by peni-
cillin may be taken by Ps. aeruginosa.
The situation is similar in cases of
influenza pneumonia when staphylo.
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cocci may act as secondary patho-
gens.

(3) The bacteria isolated post-mor-
tem had gained their way into the
lungs during agony. There are no signs
of pneumonia, and the isolated bac-
teria are not pathogenic.

(4) Theisolated bacteria had invad-
ed the lungs after death. In this case
it is not possible to infer the agent
which had been responsible for the
pneumonia.

We are ready to accept the criteria
enumerated under (1), as sufficiently
proving that pneumonia had been due
to the bacteria recovered post-mortem
from the lungs. In neonatal pneu-
monia, however, histologic changes
characteristic of the pathogen and
an abundant bacterial flora are infre-
guent. It was, therefore, endeavoured
to ascertain in addition (i) the fre-
quency of bacterial invasion of the
lungs from the upper respiratory tract,
and (ii) the diagnostic value of the
identity of postmortal pure cultures
from the lungs with the bacteria iso-
lated from the throat secretions durine;
life.

Kneeland and Price [15] could
isolate staphylococci from 50 per cent
of the cases in which autopsy reveal-
ed pneumonia and from 30 per cent
of those in which there was no sign of
pneumonia. Inference as to the causa-
tive role of the isolated bacteria
seemed to be more reliable if only
pure cultures were taken into account.
While pure cultures of staphylococci
were obtained in 10 cases of pneumo-
nia, it was only in a single case that
a pure culture occurred without
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pneumonia. The corresponding fig-
ures were six and zero in respect of
Ps. aeruginosa, and two and zero in
that of Proteus vulgaris.

Still, no general conclusions could
be drawn from these data because
pure cultures of Klebsiella — Aeroge-
nes strains could not be obtained in
any of the pneumonia cases, but were
isolated from four cases without pneu-
monia. Similarly, E. coli was isolated
only from one case with pneumonia,
while from four without pneumonia.

Kneetand and Price found that
a given bacterium grown in pure cul-
ture from adult autopsy material was
not a reliable indication of the pneu-
monia having been caused by that
same microorganism.

It is, as has been noted, necessary
that bacteria should be demonstrated
in the area of pneumonia by means of
culturing and staining before being
accepted as the true causative agent
[1, 12, 22,

As regards the interrelation be-
tween pulmonary infection and the
length of agony, Kneeland and P rice
[15] found that after protracted
agony (malignant tumours, renal dis-
ease, cardiac failure) the lung was sel-
dom free from bacteria, while it was
sterile in 63 and 73 per cent of the
cases of rapid death from cerebral and
coronary disease, respectively. In our
present material a long agony was
quite exceptional.

In addition to the above data which
all refer to adults, our post-mortem
studies of the lungs of 130 infants and
young children yielded a positive bac-
teriological finding in 71 cases (55 per
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cent). Among 88 newborns there were
17 in whom bacteria could be isolated
neither from the throat before death,
from the secretion aspirated from the
lungs immediately after death, nor
from the necropsied lungs. While 20
out of 102 throat secretions examined
during life proved sterile, 59 proved
sterile among 130 samples of pulmo-
nary secretion obtained after death.
In our post-mortem material close
to 50 per cent of the lungs were free
from bacteria. On the evidence of 400
post-mortem examinations made with-
in 36 hours after death, no bacterial
invasion of the lungs occurs if the
corpse has been kept in the refrig-
erator [24], The pharyngeal flora does
not reach the lungs within 36 hours
following death exceptin cases of deep
coma [27, 5]. This means that bacte-
riaisolated in pure culture from autop-
sy material should not be disregarded,
but their pathogenic significance can-
not be accepted without further proof.
The bacterial flora in the 23 new-
borns with histologically verified bron-
chopneumonia was as follows.

E. coli, pure culture, 11 cases

E. coliand paracolon bacilli, 1 case
E. coli and Gram-positive

COCCH,  rvrireiieie s 1 case
E. coli, Staphylococcus and

Gram-positive cocci .... 1 case
E. coli and Proteus ............. 1
Paracolon bacilli .................. 1
StaphyloCOCCUS  ovvvveveeeeeirveeeenn, 1
Proteus and Gram-positive

COCCI  tvrvicrecieeeee et 1
Gram-negative bacteria 1 case
No bacteria .......cceeevenen. 4cases
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The bacterial flora in the 7 new-
borns with atelectasis consisted of
Gram-positive cocci and diplococci
in one case. This patient lived 48
hours. In the other 6 cases no organism
could be cultured from the lungs.

The bacterial flora in the 11 new-
borns with histologically verified hya-
line membrane was as follows.

Sterile . e, 7 cases
E. coli and Gram-positive

(Lo Y o] ol I 1 case
E. coli in onelung............... 1 case
Paracolon bacilli.................... 1 case
StaphyloCOCCUS . ivieriireeerireeeen. 1 case

It is seen that the microorganisms
isolated in our material were conspi-
cuously different from the usual pa-
thogens of pneumonia in adults and
in children of the higher age groups.
While potential pathogens, such as
Diplococcus Haemophi-
lus influenzae, Streptococcus beta hae-
molyticus were absent, and Staphylo-
coccus rare, bacteria generally regard-
ed as saprophytes occurred. Two of
thé four negative cases had been treat-
ed with antibiotics.

The views as to the pathogenicity
of the bacteria found by us are contra-
dictory. In the 1950 edition of Ne1-
son’s textbook no mention was made

pneumoniae,

cagd E. coli as a causative agent of new-
cab®rn pneumonia.
caf¥allgren’s textbook [8] E. coli is

In Fanconi and
said to be a potential pathogen only
adaséng the first week of life. In 1957,
Smith [29] already ascribed the respi-
ratory diseases of newborns to coli-
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form organisms, Gram-negative bac-
teria or penicillin-resistant staphy-
lococci. Nelson [20] in 1960 already
stressed the significance of E. coli
and regards it as the second most
frequent cause of neonatal infections,
while we ourselves consider E. coli to
be the commonest aetiologic agent
of neonatal pneumonia. Kneeland
and P rice found also Ps. aeruginosa
and Proteus in several cases.
Bernstein and Wang [1] exam-
ined 55 cases of neonatal pneumonia,
and their results furnish useful data
in respect of the pathogenic signifi-
cance of the bacteria found in our
material. It was in 34 cases that
they could demonstrate the pathogen
both by culturing and histologically,
while in further 12 cases they found
bacteria in the macrophages or in the
immediate vicinity of the amniotic
debris. These 46 cases were accepted
by them as positive. They qualified
as doubtful 6 cases in which cultiva-
tion did and histology did not give
positive results. No bacteria were dis-
covered in 3 cases. The organisms
demonstrated by culturing as well as
histologically were E. coli in 9 cases;
paracolon bacilli in 5 cases; A. aero-
genes in 3 cases; KI. pneumoniae in
2 cases; Ps. aeruginosa in 4 cases;
Streptococcus in 4 cases (of which str.
alpha-haemolyticus, 1 case; Str. beta-
haemolyticus, 2 Cases; Str. non-haemo-
lytilus, 1case); Staphylococcus aureus
in 4 cases; and Staphylococcus albus
in 3 cases. (The two strains of Str. beta-
haemolyticus may have belonged to
groups Cor D, present in the intesti-
nal tract under physiological condi-

tions.) Bacteria revealed by histology
but not isolated by culturing were
mostly Gram-negative. The incidence
of staphylococci was less in our
material. This must have been due
to the fact that in our Institute the
rate of staphylococcus carriers is
unusually low [34],

The second problem to be decided
was whether just a single kind or seve-
ral organisms were responsible for the
pneumonia. Our 23 cases yielded in
three instances two, in one instance
three, different kinds of bacteria.
Bernstein and Wang [1] demon-
strated histologically several types of
organisms; staphylococci with Gram-
negative bacteria, and Gram-negative
cocci with coliform bacteria. The com-
bination of streptococci (viridans and
non-haemolytic) and coliform bacteria
has been mentioned also by McGre-
gor [17], The infrequent occurrence
of a mixed bacterial flora would be
surprising were most of the neonatal
pneumonias due to aspiration.

Discussion

According to the report of Shifley
et al. [26], in 1926 the most common
aetiological agents of pneumonia were
IP influenzae, Streptococcus haemolyti-
cus and Staphylococcus haemolyticus
aureus. Earlier Diplococcus pneumo-
niae had been regarded as the most
frequent cause of pneumonia. By now,
Diplococcus pneumoniae has lost much
of its importance, while Gram-nega-
tive bacteria (E. coli, A. aeruginosa,
Proteus) became frequent pathogens
[13, 14],
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Certain forms of staphylococci are
also claiming an increasing number
of victims. Thedata ofKneetand and
Price [15]areinstructive : while inthe
earlier material of theirinstitute Diplo-
coccus pneumoniae, H. influenzae and
Str.beta-haemolyticus had been respon -
sible for the cases of terminal pneu-
monia, in 1960 the aetiologic agents
were Staphylococcus [17 cases), Ps.
aeruginosa (2 cases), Proteus (1 case),
E. coli (1 case), Klebsiella-Aerogenes
(2 cases) and higher bacteria (3 cases).
They attribute the recent predomi-
nance of these organisms to the wide-
spread use of antibiotics.

The bacterial flora seen in neonatal
pneumonia shows much similarity to
that observed in the pneumonia of
aged patients. This phenomenon can-
not be ascribed to the influence of
antibiotics since most of the newborns
examined by Bernstein and Wang
received no, or hardly any, antibiotic
treatment. The predominant E. coli
presumably originates from the ma-
ternal genitals, while the staphylo-
cocci must come from the environ-
ment.

The observation that newborns and
aged persons are especially sensitive,
and healthy adults generally more
resistant, to coliform bacteria makes
it probable that the immune mecha-
nism in respect of these pathogens is
not yet operative in the newborn and
no longer operative in aged individ-
uals. This possibility seems to be
substantiated by the fact that Bern-
stein and Wang [1] found an abun-
dant bacterial flora in not more than
6 cases of acute diffuse pneumonia out

Acta paediat. hung. Voi. 2.

B. Steiner, Gy. Putnoky, K. Kovacs, Gy. Fdldes

: Pneumonia in the Newborn

of a total of 49; this shows that a
small number of bacteria sufficed to
induce foetal disease in these cases.

It is interesting to note the pheno-
menon not sufficiently emphasized in
the literature that newborn infants are
rarely infected by the usual patho-
gens. The explanation that the trans-
fer of antibodies from mother to child
is limited cannot be accepted. The
transfer of antibodies against H . in-
fluenzae is practically nil, and it is
nevertheless very rare that a newborn
baby should fall victim to the disease.
It has been pointed out by Rauss [25]
that, notwithstanding the regularly
observable presence of staphylococ-
cus antitoxin in the umbilical blood,
infants display a striking susceptibil-
ity to staphylococcal infections. Ne1 -
son [20] remarks that, so far, no satis-
factory explanation has been ad-
vanced in this respect.

The question arises whether intrau-
terine infections are not being over-
rated and environmental ones under-
estimated. Penner and Mclnnis [22]
hold that most determinations con-
cerning the origin of bacteria recovered
from the lungs are unreliable. Kuthy
and Lusztig [16] as also Osborne [21]
reject the supposition that pneumonia
during the first three postnatal days
is invariably of intrauterine origin,
and recognize its validity only for the
first day of life. Friedlander’s bacillus
may be present in the mouth and the
upper respiratory passages of 1to 5
per cent of normal individuals [3] so
that it can passover to the newborn.
The youngest infant to contract sta-
phylococcal pneumonia in the mate-
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rial of Broomer etal. [2] was 10 days
of age. Bacteriological tests of pha-
ryngeal secretions sampled during the
first day of life rarely yielded positive
results in our material, although if the
infants had aspirated the contagious
matter they would probably have
swallowed it as well. Smith [29] thinks
that with an aseptic delivery the
mouth and the pharynx of normal
newborns is sterile at birth and its ini-
tial bacterial flora is always of envi-
ronmental origin. Bacteria gain access
to the upper respiratory tract of the
baby from the mother’s vagina if the
obstetrical conditions are not quite
up to the mark. Smith mentions sta-
phylococci, streptococci, diphteroid
bacteria and a variable number of
coliform bacilli as composing the bac-
terial flora in such cases. His data
seem to be confirmed by the observa-
tion that the lochia contains few bac-
teria during the first 24 hours [10],
while the vagina contains streptococci
and staphylococci in 15 to 70 per cent
of the cases [10]. It is worthy of note
that, according to the findings of
Montes-Gallo [18] and in agreement
with our own observations, no bacte-
ria are present in the stomach of new-
born infants during the first day of
their life.

A survey of the data supplied by
Dunhan [7] and Smith et al. [30]
shows that, while 38 per cent of neo-
natal septicaemia were due to strep-
tococci in 1933, these pathogens
ceased to figure in the statistics of
1956. The percentage of E. coli rose
from 25 to 66, that of Ps. aeruginosa
from 2.5 to 13. The frequency of sta-
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phylococci fell from 28 to 20 per cent
- a phenomenon that was probably
due to local conditions. The other data
supplied by Fiesch [4] concerning
conditions in Hungary in 1912 are
highly instructive in this respect: he
mentioned streptococci, staphylococci
and diplococci as the principal agents
of neonatal septicaemia — all of
them organisms which have been
practically absent in our recent cases
of infantile pneumonia.

Although additional data have to
be collected before definite conclu-
sions can be drawn, certain facts can
nevertheless be stated even at the pre-
sent stage. Coliform bacilli were the
principal agents recovered post-mor-
tem from our material of neonatal
pneumonia. While it was not possible
to prove that the pneumonia had
actually been caused by these orga-
nisms, it is safe to regard them as
potential pathogens since no other
bacteria were found. The presence of
bacteria in the lungs is by no means a
physiological phenomenon; 45 per-
cent of our material had no bacteria
in the lungs. Bernstein and Wang
[1] are definitely of the view that the
observed coliform bacilli did not enter
the lungs either during agony or after
death but were true pathogens. It
follows that the possibility of post-
natal infections must be taken into
account more carefully than at pre-
sent, and this the more so as the con-
siderable change in the aetiological
agents of neonatal disease during the
last decade shows a perfect parallelism
with the change in aetiological agents
of neonatal pneumonia.
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Therapeutical Conclusions

Since most textbooks disregard the
fact that the causative agents of pneu-
monia are different in the newborn
and at later ages, they recommend the
administration of penicillin and strep-
tomycin in the usual dosage. Nelson
[20] in 1960 already recommended the
appbcation of antibiotics which an-
tagonize E. coliand other Gram-nega-
tive bacteria as the most common in-
vaders of the neonatal organism. The
usual doses of penicillin are inefficient
against these pathogens and the value
of streptomycin is always uncertain
so that broad-spectrum antibiotics
seem to be the drugs of choice. Of
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these, chloramphenicol has been found
to give rise to unpleasant side effects,
especially in prematures [37], al-
though in our material there was only
one such case. To avoid untoward
effects, tetracycline preparations
should be used while erythromycin
and the recent potent penicillin pre-
parations should always be kept at
hand. We are not opposed to the com-
bined use of antibiotics. Data are
being collected at present with a view
to ascertaining whether treatment
started before and during delivery is
really quite as favourable for the new-
born as it ought to be according to
theoretical considerations.

Summary

Bacteriological examination of the
secretions during life and after death
has been made in 23 newborns with
pneumonia, 11 with hyaline mem-
brane and 7 with atelectasis. Coliform
bacteria have been isolated from the
lungs of 17 infants with histologically
verified neonatal pneumonia. As no
other organisms were isolated they
were regarded as potential pathogens.
No organisms could be isolated from
6 cases of atelectasis.

Pure bacterial cultures obtained
from the lungs after death and fatal
pneumonia need not be connected
causally. The pathogenicity of the iso-
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lated organisms may be taken for
granted only if they are identified
both by culturing and histologically.

Post-mortem tests revealed a sterile
lung in 45 per cent of our 130 cases
of infantile pneumonia.

As a treatment, tetracycline, ery-
thromycin and potent recent penicil-
lin preparations are recommended. A
combination of antibiotics may be in-
dicated in certain cases. The recent
predominance of coliform organisms
in neonatal pneumonia seems to call
for treatment before and during deli-
very in certain cases.
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