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Abstract. Thirty-eight infants admitted to a neonatal intensive
care unit because of pneumonia (14 patients) and pulmonary
maladaption syndrome (PMA) (24 patients) were included in
the study. Samples of potentially pathogenic, facultatively
anaerobic bacteria were taken from the external ear, blood,
throat, nasopharynx, umbilicus and gastric aspirates of the
children, and from urethra and cervix of the mothers. Group B
streptococci (GBS) and Escherichia coli were the only poten-
tially pathogenic bacteria isolated from the infants. Out of
14 infants with pneumonia 11 (79%) harboured one of these
bacteria, in contrast to 3 out of 24 (13%) with PMA (P<C0.001).
GBS was found in 8/14 infants with pneumonia and in 1/24
infants with PMA (P<0.001). The respective frequencies for
Escherichia coliwere 3/14 and 2/24 (not significant). The infant
and/or the mother in 10/14 pneumonia cases harboured GBS,
in contrast to 4/24 pairs in the PMA group (P<<0.001). The
levels of antibodies against GBS in sera of mothers to infants
with pneumonia did not differ from the antibody levels in con-
trol sera (parturient GBS-carriers giving birth to healthy
infants). The results gave evidence for an important manifes-
tation of neonatal GBS-infection: pneumonia without septj-
cemia. The incidence of the disease is estimated to be 1:25
parturient GBS-carriers. Finally, maternal fever, gestational
age above 42 weeks, more severe respiratory difficulties and
the occurrence of severe changes in fetal heart rate during the
first stage of labour were found to be typical characteristics of
pneumonia, as compared to PMA.
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Introduction

Escherichia coli and group B streptococci (GBS) are important
aetiological agents of neonatal septicaemia and meningitis,
constituting together 80% of the bacteriaisolated in these cases
[12]. The infections are associated with a high mortality and
usually present with respiratory difficulties within hours of
birth [3]. In this context, it is of interest that a high incidence
of pneumonia has been demonstrated in infants with GBS
septicaemia, in retrospective investigations of X-rays and at
autopsies in fatal cases [13,17]. Frequently, the radiographic
findings are initially indistinguishable from idiopathic respira-
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tory distress syndrome (IRDS) [4, 19] and pulmonary maladap-
tion syndrome (PMA) [14].

Many infants treated in neonatal intensive care units for
pneumonia do not have bacteria in the blood, at least initially.
The aetiology in these cases is often obscure, although GBS
might be suspected for several reasons. Infants born to moth-
ers harbouring GBS in the urine have a high incidence of pneu-
monia [18]. A relation between abnormal fetal heart rate [FHR)
recordings as well as fetal blood pH values below 7.20, fre-
quently early signs of pneumonia, and maternal carriage of
GBS has been demonstrated [9]. Finally, infants of mothers
who are urogenital tract carriers of GBS were reported to be
more frequently transferred to neonatal intensive care units
because of pneumonia, than infants born to non-carriers [11].

The present paper concerns a prospective study of the bac-
terial colonisation of infants with pneumonia, compared to
infants with PMA. The results indicate an important manifes-
tation of neonatal group B streptococcal infection; pneumonia
without septicaemia.

Materials and methods

Infants. During the period June to November 1981, 38 infants
admitted to the neonatal intensive care unit, University Hospi-
tal, Lund were included in a prospective study of pneumonia
(14 patients) and PMA (24 patients). The criteria for recruit-
ment were: (a) within 12 h of age signs of respiratory difficul-
ties, i.e. tachypnea, cyanosis, nasal flare, intercostal retractions
and/or grunting; and (b) a chest X-ray compatible with pneu-
monia or PMA. In typical cases, infants with pneumonia
showed lobar or patchy infiltrates in both lungs and occasio-
nally reticulogranularity or haziness, whereas the typical PMA
or ‘wet lung’ picture showed streaked infiltrates or interstitial
perivascular oedema and fluid in the fissures and occasionally
haziness [14]. PMA was differentiated from IRDS by repeated
evaluation of venous admixture or right-to-left shunt measure-
ments, which increased during 0-24 h of age in IRDS, but
decreased or were unchanged in PMA and pneumonia.

In many cases, it was difficult to differentiate between
pneumonia and PMA on a roentgenological basis. A diagnosis
of pneumonia was therefore given to children fullfilling the
clinical and roentgenological criteria above, and concomi-
tantly showing elevated blood values for C-reactive protein
(CRP) (=5mg/ml) and/or high percentage of non-segmented
leukocytes and/or low number of platelets (=10°/mm blood).
On the other hand, infants with normal values in all three tests
were considered to suffer from PMA.



Mothers. All mothers had been checked during pregnancy at
antenatal clinics and data relating to the pregnancy concerned
were collected from these clinics. The obstetrical care at our
clinic has been described previously [10].

Procedures for measuring and interpretations of FHR
changes have also been described previously [15]. The follow-
ing FHR-patterns were recorded as severe in the present study:
tachycardia (> 160 heart beats/min), bradycardia (<120 beats/
min) and late decelerations appearing alone or in combination.

Bacteriological examinations. From all infants, specimens were
collected with sterile cotton swabs from the external ear, throat,
nasopharynx and umbilicus, and gastric aspirates were
obtained. From each mother, two pairs of specimens were
taken with sterile cotton swabs from urethra and cervix and
one pair of specimens was placed in selective broth medium for
culture of GBS [2]. With the exception of the latter specimens
and the gastric aspirates, all specimens were transported to the
laboratory in haematin agar tubes (within 24 h). Furthermore,
at least one blood culture was taken from each infant.

The specimens were investigated for potentially pathogen-
ic, facultatively anaerobic bacteria (e.g. GBS, Enterobacteriac-
ease, Pseudomonas-species, Staphylococcus aureus and upper
respiratory tract pathogens) as described previously [7],
whereas S. epidermidis and a-streptococci were considered to
be normal flora and not registered.

Identification and serological grouping and typing of GBS
were performed as previously described [5]. Serological typing
of Escherichia colifor somatic, capsular and flagella antigens by
agglutination and immunoelectrophoresis was kindly per-
formed by the International Escherichia and Klebsiella Centre
(WHO) with the use of previously published methods [23].

Quantitation of antibodies to GBS. Antibodies to GBS types Ia,
Ib, II and III were measured in sera from all mothers using
radioactively-labelled protein A; this method is useful for
quantitation of IgG antibodies [6]. The results were compared
to those obtained with sera from mothers harbouring types Ia,
Ib, IT and III GBS urogenitally (ten in each group) and giving
birth to healthy infants. Each of these control sera were tested
against the type of GBS found in the woman. The antibody
levels in the control sera were against type Ia: 597-2863 cpm;
against type Ib: 1001-2064 cpm; against type II: 627-1673 cpm;
and against type III: 433-1692 cpm.

Statistical methods. Student’s t-test was used to compare anti-
body levels in controls and mothers of infants with pneumo-
nia. The other results were evaluated using Fisher’s exact test
(n.s.=not significant, P<0.05).

Results

Bacteriological findings. GBS and Escherichia coliwere the only
potentially pathogenic bacteria isolated from the infants with
pneumonia and PMA., Out of 14 infants with pneumonia (79%)
harboured one of these bacteria, in contrast to 3 out of 24 (13%)
with PMA (P<0.001) (Table 1). GBS alone was found in 8 out
of 14 (57%) infants with pneumonia and in 1 out of 24 (4%) of
infants with PMA (P<0.001). The respective frequencies for
Escherichia coli were 3/14 (21%) and 2/24 (8%) (n.s.). All blood
cultures were negative.

Bacteriological findings in the infants with pneumonia and
their mothers are compared in Table 2. Five out of eight moth-
ers of infants harbouring GBS carried the same type of GBS as
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Table 1. Neonatal pneumonia and pulmonary maladaption syndrome
(PMA): recovery of group B streptococei (GBS) and E. coli from
infants and their respective mothers

Infant/mother pairs No. of infants with P-value
pneumonia PMA

Carrying GBS

Both infant and mother 0 <0.01

Infant only 3 1 n.s

Mother only 3 n.s

Total No. 10 4 0.001

Carrying E. coli

Both infant and mother 2 1 n.s

Infant only 1 1 n.s

Mother only 0 0 n.s.

Total No. 3 2 n.s

Culture negative

Total No. 1 18 <0.001

No. of infants 14 24 —

investigated

Table 2. Bacteriological findings in the infants with pneumonia

Case No. Birth-  Gestational  Bacteriological findings in
zglght ?v%lzeks) infant mother
1 3410 41 GBS type Ia  -*
2 3510 40 GBS type Ib GBS type Ib
3 2630 37 GBS type Ib GBS type Ib
4 1920 32 GBS type Ia  —
5 3450 41 GBS n.t.° —
6 4390 43 GBS type I GBS type II
7 4090 42 GBS type HI GBS type III
8 3220 44 GBS type Ib GBS type Ib
9 4140 43 E. coli type E. coli type
017 :KS53:H18 017:K53:HI8
and 09 :K+:H-
10 2925 4] E. coli type —
06 : K—H-—
11 3510 39 E. coli type E. coli type
06K15:H31  06:K15:H31
12 4310 41 — GBS type II
13 3720 37 - GBS type 1L
14 3520 42 — -
? —= no potentially pathogenic bacteria recovered

b n.t.=not typable

that isolated from their respective infant. Two out of three
mothers of infants with Escherichia coli were urogenital carri-
ers of Escherichia coli, the same type as isolated from their
respective infants. Taken together, the infant and/or the
mother in 13 out of 14 (93%) infant/mother pairs in the pneu-
monia cases harboured GBS or Escherichia coli, to be com-
pared to 6 out of 24 (25%) in PMA-cases (P<0.001) (Table 1).
For GBS alone, the respective frequencies were 10/14 (71%)
and 4/24 (17%) and 4/24 (17%) (P=0.001) (Table 1).
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Table 3. Isolation of group B streptococci (GBS) and E. coli from different sites of infants with neonatal pneumonia and maladaption syndrom

(PMA)
Case Diagnosis Bacteria isolated Culture from
No. ear throat umbilicus gastric aspirate nasopharynx
1 pneumonia GBS type Ia +2 + + - +
2 pneumonia GBS type Ib — — + — -
3 pneumonia GBS type Ib + + — — +
4 prneumonia GBS type Ia + + + + +
5 pneumonia GBS not typable + — + + _
6 pneumonia GBS type II + — + + _
7 pneumonia GBS type III + + - — +
8 pneumonia GBS type Ib + — + — _
9 pneumonia E. coli type + + - + _
017;K53:H18 and
09:K+:H—
10 pneumonia E. coli type + + + + +
06 :K—:H-
11 pneumonia E. coli type — + - _ _
06:K15:H31
15 PMA GBS type III - — + _ _
16 PMA E. coli type — — . + _
09:K34:H—
17 PMA E. coli type — + - — -
/33:K—:H4
No. of cases positive 9 8 8 6 5

* + =positive; —=negative

Out of 11 culture-positive infants with pneumonia 9 were
colonised at two or more sites with GBS or Escherichia coli
whereas all three culfure positive infants with PMA were colo-
nised at one site only {P<<0.05) (Table 3).

The type distribution among the GBS strains isolated from
the infants with pneumonia and their mothers is shown in
Table 2. This distribution did not differ significantly from the
type-frequencies among healthy infants at our obstetrical
department {8].

Serological findings. Sera from mothers of infants with pneu-
monia were tested for antibodies against the type of GBS iso-
lated from the infant and/or the mother itself. The values of
type-specific antibodies were in all cases within the range
found in the control sera from mothers harbouring the respec-
tive type of GBS in the urogenital tract but giving birth to
healthy infants. The values were for mothers of infants
exposed to type Ia: 771-1192 cpm (control sera range: 597-
2863); type Ib: 1233-2848 (control sera range: 1001-2064); type
IT: 630-789 (control serarange: 627-1673); and type II1: 739-946
(control sera range: 433-1692). No statistically significant dif-
ference was found between the mothers of infants with pneu-
monia and the controls.

Clinical findings. Clinical data on the infants with neonatal
pneumonia and PMA are shown in Table 4, No difference be-
tween the two groups were observed with respect to breech
presentation, toxemia, fetal growth retardation, or diabetes
mellitus; no cases of multiple pregnancies occurred among the
mothers included. Furthermore, prematurity and caesarean
sections were not associated more with one group than the
other. However, three infants of mothers with intrapartum fev-
er contracted pneumonia, whereas no fever was registered
among the mothers of infants with PMA (P<C0.05). Further-

Table 4. Comparison of some selected clinical data in infants with
pnsumonia and pulmonary maladaption syndrome (PMA)

Parameter No. of infants with P-value
pneumonia PMA
High-risk pregnancy?® 4 6 n.s.
Maternal fever (238.5°C) 3 0 <0.05
during labour
Cesarean section v 5 4 n.s.
Gestational age: <37 weeks 1 4 n.s.
>47) weeks 3 0 >0.05
Apgar score < 7: at one min 5 4 1.s.
at five min 2 0 n.s.
Tachypnea as single symptom 1 9 <0.05
No. of infants investigated 14 24

?Breech presentation, toxemia, foetal growth retardation, multiple
pregnancy and diabetes mellitus.

more, three additional infants with a gestational age more than
42 weeks contracted pneumonia, in contrast to the absence of
infants with gestational age above 42 weeks in the PMA-group
(P<0.05).

Reliable FHR-recordings were obtained from all infants
with pneumonia and 14 with PMA. Severe FHR-changes were
more frequent among the infants contracting pnenumonia than
among the infants with PMA (7/14 and 1/14, respectively;
P<0.05).

The proportion of infants with low Apgar score did not dif-
fer between the pneumonia and the PMA-group (Table 4). The
signs of respiratory difficulties registered were tachypnoe, cya-



nosis, intercostal retractions, alae nasi flutter and grunting
28 infants showed two or more of these symptoms, whereas
10 infants showed tachypnea as the only symptom. Nine of the
latter patients contracted PMA (<0.05; Table 4).

Discussion

Our data demonstrated a strong association between neonatal
pneumonia without septicaemia, and GBS. Thus, 8 (57%) out
of 14 infants with pneumonia were colonised with GBS,
compared with 1(4%) out of 24 infants with PMA (Table 1); the
overall colonisation rate of infants immediately after birth at
our obstetrical department was 10% in 1978-79 [8]. Further-
more, 7 (50%) out of 14 mothers of infants with pneumonia
were urogenital carriers of GBS (Table 2), whereas the ‘nor-
mal’ colonization rate of parturients in our district 16%in 1978-
79 [8].

As concerns Escherichia coli, the material did not demon-
strate a significant association with pneumonia, possibly
because the number of patients studied was too small. The
Escherichia genus is antigenically complex, up to date compris-
ing some 170 somatic (O), 90 capsular (K) and 60 flagella (H)
antigens. Escherichia coli capSular polysaccharide K1 has been
strongly associated with neonatal meningitis [20]. This antigen
is found with a lower frequency in strains from blood cultures
of neonates without meningitis, and in strains from blood,
urine and stool cultures from adults and rectal cultures from
infants [22]. In accordance with these findings none of the
Escherichia coli strains isolated in the present investigation
carried the Kl-antigen. Future examination of Escherichia coli
strains from neonatal pneumonia will show whether special
phenotypic traits are characteristically associated with this dis-
ease.

Radiological findings consistent with neonatal pneumonia
are frequently seen in newborns with GBS septicemia [1, 21].
Ingram et al. [16] in a report of GBS antigen detection included
19 neonates with early onset GBS pneumonia. However, no cli-
nical data on the infants were given. Several investigations
have demonstrated that mothers of infants with GBS septice-
mia have low levels of serum antibodies against the type infect-
ing the respective infant [3]. This has been valid also with the
method for antibody quantitation used in the present study
[6,10]. The sera from mothers of infants with pneumonia were
within the normal range of anti-GBS antibodies. It is possible
that the presence of IgG-antibodies in the maternal sera might
partially protect the infants with pneumonia, explaining why
the infants developed pneumonia but not septicaemia. The
presence of septicaemia cannot be excluded on the background
of one negative blood culture specimen. The results of anti-
body quantitation supported the idea that neonatal GBS pneu-
monia can occur without concomitant septicaemia.

From a practical point of view, neonatal pneumonia and
PMA are frequently indistinguishable in the initial phase.
In the present study some notable differences were found;
maternal fever, gestational age above 42 weeks, more than one
symptom of respiratory difficulties and the occurrence of
severe FHR-changes during the first stage of labour were typi-
cal characteristics of pneumonia. We have previously noted an
association between high gestational age and maternal carriage
of GBS [9]; the reason for this association is not yet clear.
Finally, we have also previously shown a connection between
maternal carriage of GBS and severe FHR-changes and low
fetal blood pH values [9]. In addition to haematological and
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serological tests [4] and thorough bacteriological examinations
the clinical observations mentioned above should be useful to
differentiate pneumonia from other respiratory disorders such
as PMA and IRDS during the first days of life.

During the study period, approximately 1500 infants were
born in our department. Supposing that 10 of the pneumonia
cases here described were caused by GBS, and that 16% of the
parturients at our clinic were GBS-carriers, the incidence of
GBS-pneumonia without septicemia per GBS-carrier would
be about 1:25; this frequency is about 10 times higher than the
expected incidence of GBS-septicemia [3]. From a cost-benefit
point of view, these new findings enhance the value of screen-
ing for GBS-carriage during pregnancy. The recognition of
the manifestation of neonatal GBS-infection as pneumonia
without septicaemia suggests a revision of the present view on
GBS-carriage during pregnancy.

Acknowledgement. The authors wish to thank Drs Frits and Ida @rs-
kov, International Escherichia and Klebsiella Centre, Statens Serum-
institut, Copenhagen, Denmark, for typing of the Escherichia coli
strains in the present study and for valuable suggestions for the
manuscript.

References

1. Ablow RC, Gross J, Effmann EL, Uauy R, Driscoll S (1977) The
radiographic features of early onset group B streptococcal neo-
natal sepsis. Radiology 124 : 771-777

2. Baker CJ, Clark ], Barriett FF (1973) Selective broth medium for
isolation of group B streptococci. Appl Microbiol 26 : 884-888

3. Baker CJ (1977) Summary of the workshop on perinatal infec-
tions due to group B Streptococcus. J Infect Dis 136:137-152

4. Boyle RJ, Chandler BD, Stonestreet BS, Oh W (1978) Early identi-
fication of sepsis in infants with respiratory distress. Pediatrics
62 :744-750

5. Christensen KK, Christensen P (1978) Typing of group B strepto-
cocci from throat and urogenital tract of females. Scand J Infact
Dis 10:209-212

6. Christensen KK, Christensen P, Dahlander K, Faxelius G,
Jacobson B, Svenningsen N (1980) Quantitation of serum anti-
bodies to surface antigens of group B streptococci types Ia, Ib
and III: low antibody levels in mothers of neonatally infected
infants. Scand J Infect Dis 12 :105-110

7. Christensen KK, Christensen P, Ingemarsson I, Mardh P-A,
Nordenfelt E, Ripa T, Solum T, Svenningsen N (1976) A study of
complications in preterm deliveries after prolonged premature
rupture of the membranes. Obstet Gynecol 48 : 670-677

8. Christensen KK, Dahlander K, Ekstrém A, Svenningsen N,
Christensen P (1981) Colonization of newborns with group B
streptococci: relation to materral urogenital carriage. Scand J
Infect Dis 13 :23-27

9. Christensen KK, Dahlander K, Ingemarsson I, Svenningsen N,
Christensen P (1980) Relation between maternal urogenital
carriage of group B streptococci and postmaturity and intrau-
terine asphyxia during delivery. Scand J Infect Dis 12 :271-275

10. Christensen KK, Dahlander X, Lindén V, Svenningsen N,
Christensen P (1981) Obstetrical care in future pregnancies after
fetal loss in group B streptococcal septicemia. A prevention pro-
gram based on bacteriological and immunological follow-up.
Europ J Obstet Gynecol Reprod Biol 12 : 143-150

11. Christensen KK, Svenningen N, Dahlander K, Ingemarsson E,
Lindén V, Christensen P (1983) (In press) Relation between
neonatal pneumonia and maternal carriage of group B strepto-
cocci. Scand J Infect Dis

12. Eickhoff TC, Klein JO, Daly AK, Ingall D, Finland M (1964)
Neonatal sepsis and other infections due to group B beta-
hemolytic streptococci. New Engl J Med 271:1221-1228

13. Hemming VG, McCloskey DW, Hill HR (1976) Pneumonia in the
neonate associated with group B streptococcal septicemia. Am J
Dis Child 130 :1231-1233



122

14. Hjalmarson O (1981) Epidemiology and classification of acute
neonatal respiratory disorders. Acta Paediat Scand 70 :773-783

15. Ingemarsson E, Ingemarsson I, Solum T, Westgren M (1980)
A one-year study of routine fetal heart rate monitoring during the
first stage of labour. Acta Obstet Gynecol Scand 59 :297-302

16. Ingram DI, Pendergrass EL, Bromberger PI, Thullen JD,
Yoder CD, Collier AM (1980) Group B streptococcal disease.
Am J Dis Child 134 :754-758

17. Leonidis JG, Hall RT, Beatty EC, Fellows PA (1977) Radio-
graphic findings in early onset group B streptococcal septicemia.
Pediatrics 59 :1006-1010

18. Liston MTE, Harris RE, Foshee S, Nuil DM (1979) Relationship
of neonatal pneumonia to maternal urinary and neonatal isolates
for group B streptococci. South Med J 72 :1410-1412

19. Mencke JA, Giacoia GP, Jocking H (1979) Group B beta-
hemolytic streptococcal sepsis and the idiopathic respiratory dis-
tress syndrome: A comparison. J Pediatr 94 : 467-471

20.

21.

22.

23.

Robbins JB, McCracken Jr GH, Gotschlich EC, @rskov I,
Hansson L-A (1974) Escherichia coli K1 capsular polysaccharide
associated with neonatal meningitis. New Engl J Med 290 :
1216-1220

Roos R, Peller P, Fendel H, Linderkamp O, Belohradsky BH
(1979) Radiologische Befunde bei Neugeborenen mit beta-
Strepokokkensepsis: Herzgrosse, Lungenbefunde und ihre kli-
nische Bedeutung. Klin Pidiat 191 :305-310

Sarff LD, McCracken Jr GH, Schiffer MS, Globe MP, Robbins JB,
@rskov I, @rskov F (1975) Epidemiology of Escherichia coli K1 in
healthy and diseased newborns. Lancet I:1099-1104

@rskov I, @rskov F, Jann B, Jann K (1977) Serology, chemistry and
genetics of O and K antigens of Escherichia coli. Bact Rev
41:667-710

Received August 20, 1982 / Accepted December 22, 1982



