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A re tro sp ec tiv e  s tu d y  was ca rried  o u t  in  a  large c ity -c o u n ty  h o sp ita l 
n u rse ry  o ver th e  tw o-year period  1973 — 1974, to  de te rm ine  th e  inc idence , 
m o r ta l i ty  ra te , an d  étiologie ag en ts  o f  n e o n a ta l sep ticem ia a n d  m en in g itis . 
O ne h u n d red  o f  18,465 in fan ts  a d m itte d  to  th e  nu rsery  service h a d  s e p t i
cem ia alone and  an  ad d itio n a l 20 in fa n ts  h a d  m en ingitis fo r a n  inc idence  
o f  5.1 an d  1.0 p e r  1000, respective ly . I n  th e  g roup  w ith  sep ticem ia  th e  m o r
ta l i ty  ra te  w as 38/100 (38% ) and  in  those  w ith  m en ing itis  12/20 (60% ). 
G roup  В strep tococcus w as th e  m o s t fre q u e n tly  iso lated  o rg an ism , being 
p re se n t in 28/100 (28% ) o f  sep ticem ia  cases and  in  13/20 (65% ) o f  those  
w ith  m eningeal infection . G ram  p o sitiv e  coccal o rganism s com prised  47/100 
(47% ) o f  the  étio logie ag en ts  o f sep ticem ia  w hile G ram  n eg a tiv e  e n te r ic  
bacilli w ere found in  42/100 (42% ). In  p a tie n ts  w ith  m en ing itis , G ram  p o si
tiv e  cocci were p re se n t in 13/20 (65% ) all be ing  G roup В s trep to co c c i; G ram  
n eg a tiv e  en teric  bacilli w ere found in  4/20 (20% ). T he d a ta  d e m o n s tra te  th e  
increasing  incidence o f  G ram  p o sitiv e  coccal o rganism s, p r im a rily  G ro u p  В 
strep to co cc i, as th e  p red o m in a n t cause o f  n eo n a ta l infection .

Septicemia with or without menin
gitis continues to be a significant 
cause of neonatal morbidity and mor
tality. With the advent of neonatal 
regional intensive care facilities, in
fants who may formerly have died 
are now evaluated and treated for 
prolonged periods of time in a poten
tially hostile bacterial environ
ment.

A study designed to determine the 
incidence, mortality, and étiologie 
agents of septicemia/meningitis (S/M) 
in a large city-county hospital nursery 
with regional neonatal intensive care 
facilities was conducted over the two- 
year period 1973—1974.

M E TH O D S

A total of 18,465 infants were 
admitted to the nursery service at 
Jefferson Davis Hospital (JDH) in 
1973 1974; 2, 111 of these were low
birth weight. The hospital records of 
all infants with either positive blood 
and/or cerebrospinal fluid (CSF) cultu
res during the study period were revie
wed and the data recorded on a stand
ard form. Criteria for diagnosing pa
tients as having septicemia or mening
itis were strict. No patients with neural 
tube defects were includedinthestudy. 
All blood cultures were obtained by 
peripheral venipuncture. Cerebrospi
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nal fluid cultures were performed by 
directly inoculating culture media at 
the time of lumbar puncture. The 
infections reported here represent only 
those occurring while the infants were 
in the nurseries.

R e s u l t s

One hundred and twenty of these 
18,465 infants had either positive 
blood and/or CSF cultures. One hun
dred had septicemia alone and 20 in
fants had meningitis with or without 
associated bacteremia. Of these 120, 
105 were born at JDH and 15 were 
transferred from other institutions. 
The incidence of septicemia was 5.1 
per 1000 infants (100/18,465). If the 
outside births were excluded the inci

dence was 4.6 per 1000 live births 
(85/18,314). Twenty infants had me
ningitis, one of whom was a transfer 
from another hospital, for an inci
dence of 1 per 1000 live births. Fifty 
of 120 infants died, 10 of whom were 
born at other hospitals, for an overall 
mortality rate of 50/100 (41.7%), and 
a mortality rate of 40/105 (38.1%) 
for those infants born at JDH. Of the 
group with septicemia the mortality 
rate was 12/20 (60%). If the outside 
births are excluded, then the mor
tality rate falls to 33.7% and 57.9%, 
respectively.

The culture results are shown in 
Table I. Group В streptococcus was 
the most frequently isolated organism 
and was found in 28/100 (28%) of 
the cases with septicemia and 13/20

T a b l e  I

Etiologie agents of septicemia/meningitis 
1973-1974

O r g a n is m

S e p t ic e m ia M e n in g i t is

N u m b e r P e r c e n t N u m b e r P e r c e n t

Group В Streptococcus 28 28 13 65.0
Escherichia coli 17 17 l 5.0
Klebsiella sp. 19 19 0 —
Staphylococcus aureus 17 17 0 -
Speudomonas sp. 4 4 1 5.0
Proteus sp. 2 2 1 5.0
Enterobacter sp. 0 — 1 5.0
H aem ophilus influenzae 1 1 1 5.0
Listeria  monocytogenes 1 1 1 5.0
Enterococcus 2 2 0 —
Bacteroides sp. 1 1 0 —
Candida sp. 2 2 1 6.0
Mixed 6 6 0 -

Total 100 20
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(65%) of the patients with meningeal 
infection. Twenty-four of the strepto
coccal isolates were subsequently sero- 
typed as Group В streptococci. The 
remaining 17 streptococcal isolates 
were not available for serotyping, but 
as their biochemical and morphologic 
characteristics were identical to the 
serotyped strains, they also were felt 
to be Group В streptococci. Klebsiella 
sp. and Escherichia coli were the most 
common Gram negative bacilli iso
lated from the blood and accounted 
for 19/100 (19%) and 17/100 (17%), 
respectively, of the cases of septi
cemia. However, only in one instance 
was Escherichia coli isolated from the 
CSF and in no instance was Klebsiella 
sp. isolated from the CSF. Staphylo
coccus aureus was the étiologie agent 
in 17/100 (17%) of the patients with 
septicemia hut caused none of the 
cases of meningitis. All of the staphy
lococci were sensitive to meticillin 
and kanamycin, but only two of 
these isolateswere sensitive to aqueous 
penicillin G. Other bacterial species 
found with less frequency included 
pseudomonas, proteus, enterobacter,

H . influenzae, Listeria monocytogenes, 
enterococci, and Bacteroides fragilis. 
Three patients had systemic Candida 
infection, one of whom had meningeal 
involvement. Six instances of septi
cemia represented mixed infection 
(Table 11). Two were due to Group В 
streptococcus and Klebsiella, 1 to 
Group В streptococcus and Esche
richia coli, 1 to Group В streptococcus 
and Staphylococcus aureus, 1 to Esche
richia coli and enterococcus, and 1 to 
Staphylococcus aureus, and entero
coccus.

Gram positive coccal organisms 
comprised 47/100 (47%) of the étio
logie agents of septicemia while Gram 
negative enteric bacilli were found in 
42/100 (42%). In those patients with 
meningitis, Gram positive cocci were 
present in 13/20 (65%) and all were 
Group В streptococci. Gram negative 
enteric bacilli were found in only 
4/20 (20%).

Early onset infection (less than 5 
days of age) occurred in 88/120 
(73.3%) of the cases; 49/88 (56%) of 
these were due to Gram positive coccal 
organisms and 30/88 (34%) to Gram

T a b l e  11

Etiologie agents of mixed infections

O rg a n is m N u m b e r

Group В Streptococcus and Klebsiella sj).

Group В Streptococcus and Escherichia coli 

Group В Streptococcus and Staphylococcus aureus

2

1

1

Escherichia coli and enterococcus 
Staphylococcus aureus  and enterococcus

1

1

Total G
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negative bacilli. The remainder of the 
cases 9/88 (10%) represented mixed 
infection or other types of organisms. 
In those infants who became infected 
after 5 days of age, 20/32 (62.5%) of 
the causative organisms were either 
Gram negative enteric bacilli, of 
which 13/20 (65.0%) were resistant 
to  kanamycin, or a species of Can
dida.

Premature infants comprised 85/120 
(70.8% ) of the total group, and 13/20 
(65%) of the infants with meningitis. 
No significant difference in the age 
o f  onset of disease existed between 
term and premature infants. Forty- 
two out of fifty (84%) of the deaths 
occurred in the early onset group, 
and 30 of these 42 deaths occurred 
within 48 hours of birth.

Twenty-seven per cent o f the moth
ers had received no prenatal care prior 
to  delivery and 74.2% of the mothers 
had some form of obstetric complica
tion  either during pregnancy or dur
ing labor and delivery. Prolonged 
rupture of the fetal membranes 
greater than 24 hours occurred in 21/ 
120 (17.5%) of the patients.

There was a male to female ratio 
of 1.7 : 1 (63 males and 37 females) 
in the group with septicemia and a 
ratio o f 1.5 : 1 (12 males and 8 fe
males) in the meningitis group.

D i s c u s s i o n

The incidence of neonatal septi
cemia has been reported from 1/500 
to 1/600 live births [9, 12, 13], and 
neonatal meningitis has been found

in approximately 0.4/1000 live births 
[11, 15].

It is difficult to explain why the 
incidence of S/M should be so much 
higher than that found in previous 
studies. Several factors may account 
for this apparent discrepancy. The 
population served by JDH  has a 
large percentage of high risk delive
ries. Fully 25% of the mothers who 
deliver at JDH have no prenatal care 
and all belong to a low socio-economic 
group. As previously noted, maternal 
complications were frequent in the 
study group and there was a high 
incidence of prematurity. Both fac
tors have been related to increased 
risk of neonatal infection [13, 16, 19]. 
Because of the improved life support 
systems now available, many pre
mature infantsare exposed to resistant 
bacterial flora within the hospital for 
prolonged periods of time thus in
creasing their risk of becoming in
fected. It is nursery policy to obtain 
blood, urine and cerebrospinal fluid 
cultures on any infant who is judged 
to be at risk and whose clinical course 
suggests infection, regardless of any 
other disease entity felt to be prima
rily responsible for the infant’s con
dition. This policy would be expected 
to increase the number of infants 
identified as infected.

The increased role of the Group В 
streptococcus in neonatal infection is 
probably related to the increased 
incidence of maternal and neonatal 
colonization. Baker et al. found that 
25% of all mothers and infants in our 
hospital had Group В streptococcal 
colonization at the time of deliv
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ery [1]. Similar rates of colonization 
also have been noted in studies involv
ing middle-class college students in 
the northeastern portion of the coun
try [3]. Why this high colonization 
rate exists is not known at present.

The increase in the incidence of sep
ticemia due to Staphylococcus aureus 
is unexplained. Most of these infants 
were symptomatic early in life and 
represented early onset infection (14/ 
17). No increase in staphylococcal 
colonization was noted during the 
study period nor were bathing or cord 
care policies altered (Unpublished 
data).

Late onset infect ion is often equated 
witli nosocomial infection. Several 
authors have related acquisition of 
resistant organisms to prior antibiotic 
treatment and prolonged hospitaliza
tion [2, 6, 8]. Our data support this 
in that resistant Gram negative bacilli 
were frequently found in those infants 
with late onset disease.

Prior to the mid 1940’s beta-hemo- 
ytic streptococci were the predomi

nant organisms isolated from infected 
neonates [7, 14]. Beginning in the 
late 1940’s and progressing through 
the mid 1960’s an increasing propor
tion of neonatal infections were due 
to Gram negative enteric bacilli [5, 
9 11, 14— 16]. In the late 1960’s and
early 1970’s this pattern has again 
changed with Gram positive coccal 
forms, particularly Group В strepto
coccus, becoming increasingly preva
lent [1, 17, 18]. A further shift is 
demonstrated by our data with over 
47% of the patients with septicemia 
and 65% of those with meningitis 
having Gram positive coccal organisms 
isolated, primarily Group В strepto
cocci, and only 42% and 20%, respec
tively, having infections due to Gram 
negative coliform organism.

Thus a periodicity or “wave form” 
effect becomes apparent regarding 
the various bacterial pathogens impli
cated in neonatal infection (Figs 1, 2). 
Although the reasons underlying this 
phenomenon are unclear, recent work 
by Baker and Kasper may offer a

F ig. 1. Incidence o f (tram  positive coccal ( -  ) vs Gram negative enteric bacilli (- - -) 
in neonatal septicem ia [7, 9, 10, 14, 17]. * Jefferson D avis Hospital
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F i g . 2. Incidence o f  Gram p ositive coccal ( — ) vs Gram negative enteric bacilli (-----)
in  neonatal m eningitis [5, 16, 17]. *Jefferson D avis H osp ital

possible explanation [4]. Their data 
suggest that transplacental transfer 
of maternal antibody protects infants 
from invasive Group В streptococcal 
infection with Type III strains. If  
maternal colonization and subsequent 
neonatal infection by pathogenic bac
teria can be related to the maternal 
immune experience and subsequent 
production of protective levels of 
transplacental IgG antibody, then a 
mechanism explaining the observed 
periodicity can be hypothesized. As 
maternal antibody levels rise or fall 
in response to colonization by indi
vidual bacteria then the incidence of 
neonatal infection would be expected 
to change in a cyclic manner.
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