
117
Copyright © 2015 by the Academy of Sciences and Arts of Bosnia and Herzegovina.

Neonatal bacterial meningitis: Results from a cross-sectional 
hospital based study

Izeta Softić1*, Husref Tahirović2, Mensuda Hasanhodžić1

Original article
Acta Medica Academica 2015;44(2):117-123

DOI: 10.5644/ama2006-124.139

Introduction

Acute bacterial meningitis is more frequent 
in the neonatal period than in any other 
time of life and leads to a high incidence of 
mortality and long term neurological se-
quels. The incidence of neonatal meningitis 
is variously calculated at between 0.25 and 
0.32 per 1000 live births, depending on the 
inclusion criteria (1). In resource - poor 
countries the incidence of neonatal bacte-
rial meningitis may be underestimated (2). 

In neonates with documented sepsis and in 
preterm infants the incidence is significantly 
higher. Neonates are at higher risk of men-
ingitis because of immaturity of humoral 
and cellular immunity, and the absence of 
specific clinical signs makes diagnosis of 
meningitis more difficult in neonates than 
in older children (3). A recent review of the 
incidence of neonatal meningitis infections 
reported 0.8 to 6.1 cases every 1,000 live 
birth (4). Observational studies have shown 
that in developing countries Klebsiella pneu-
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Objective. The aim of the study was to determine the epidemiological 
characteristics of bacterial meningitis observed in neonates born in 
the Department of Gynaecology and Obstetrics, University Clinical 
Centre Tuzla, Bosnia and Herzegovina, admitted to Intensive care unit 
(NICU) or readmitted, because of suspected infection, after discharge 
from the nursery. Subjects and methods. This study was carried out 
from July 1, 2012 to June 30, 2013. During this period 4136 neonates 
were born. All neonates admitted to the Intensive care unit with signs 
and symptoms of systemic infections, and neonates readmitted to the 
Intensive care unit, after discharge from the nursery for sepsis work 
up were included in the study. Results. Eighteen of 200 neonates 
(9%) admitted or readmitted to the NICU developed meningitis. 61% 
cases were late onset meningitis. The overall incidence was 4.4/1000 
live births. The mortality rate was 11.1%. The mean age of symptom 
presentation was 8.7 days. The most common clinical features   were: 
fever, respiratory distress and jaundice. Significant risk factors for 
acquiring meningitis were: male gender, Caesarean delivery, stained 
amniotic fluid. Positive CSF finding were detected in 6/18 (33.3%) of 
cases. Gram-positive bacteria were more frequently responsible for 
confirmed meningitis. In all neonates with meningitis blood culture 
was examined and 5 (50%) yielded Gram-negative bacteria. Conclu-
sion. The high rates of neonatal meningitis with predominant late 
onset may suggest nosocomial origin. Measures to improve antenatal, 
intrapartum and delivery care and measures during NICU hospitalisa-
tion are necessary to lower the risk of nosocomial infections. 
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moniae, Serratia species and other Gram-
negative bacteria are to date the leading bac-
terial agents of neonatal meningitis, while 
in Europe, America and Australia, Group B 
Streptococcus is predominant (5). There is no 
data on the incidence of neonatal meningitis 
in Bosnia and Herzegovina.

The aim of the study was to determine 
the incidence, aetiology, risk factors and 
outcome of bacterial meningitis in neonates 
born in Department of Gynaecology and 
Obstetrics, University Clinical Centre Tu-
zla, who were admitted to the Intensive care 
unit of the Department of Paediatrics for 
suspected infection. 

Subjects and methods 

This cross-sectional study involved neonates 
born in  Department of Gynaecology and 
Obstetrics, University Clinical Centre, Tuz-
la, over a one-year period, from July 1, 2012 
to June 30, 2013, who were admitted to the 
Intensive care unit for sepsis work up. Neo-
nates were also included in the study after 
discharge from nursery and who were read-
mitted to the Intensive care unit with signs 
and symptoms of systemic infection. 

Context of the study

The Department of Obstetrics and Gynecology 
has 4500 deliveries annually. The mothers 
and their babies stay in hospital for one day 
in normal newborn nurseries. Rooming-in 
was introduced in 2004, and breastfeeding 
is supported for well babies, but there is no 
feeding with fresh human milk for sick ba-
bies in the Intensive care unit.

The Neonatal Intensive Care Unit 
(NICU) of Department of Paediatrics pro-
vides intensive care for 18 patients. It is or-
ganized as follows: it has an average of 10 
nurses, backed up by a neonatologist on a 
daily basis, with four intensive care physi-
cians working in the NICU, and one on duty 

24-hours. The NICU has an area of 293 m2, 
it has one common and two isolation rooms, 
with two shared sinks and one in each isola-
tion room. The admittance of mothers and 
visitors is limited to once per day for visiting 
and information about the baby. There is a 
filter before entering the ward area, equipped 
with a hand washing station, where all visi-
tors are required to wash their hands. For 
almost all newborn, antibiotics are routinely 
used before entering the NICU.

Patients

In the study we enrolled 200 neonates born 
in the Obstetric Unit and admitted to the 
Intensive care unit due to various clinical 
problems. We also included neonates dis-
charged from the nursery and readmitted 
to the Intensive care unit for sepsis work up. 
For each enrolled neonate with meningitis, 
controls were selected by the random selec-
tion method from neonates admitted to the 
Intensive care unit, who were without infec-
tion. Two controls were used per study case, 
giving a total of 36 controls.

We recorded demographic characteris-
tics, birth weight, gestational age, gender, 
Apgar score, and mode of delivery. We also 
recorded maternal risk factors, as well as 
maternal hospitalisation during pregnancy, 
fever, and premature rupture of membranes 
(PROM), modality of delivery, and the pres-
ence of stained amniotic fluid. 

For neonates classified as having men-
ingitis we recorded the date of onset of the 
infection, symptoms at the onset of infec-
tion, microbiological data of cerebrospinal 
fluid (CSF), blood cultures and CSF index. 
Neonates were defined as having meningitis 
if they presented clinical symptoms of sepsis 
and the cerebrospinal fluid (CSF) analysis 
showed one or more of the following labo-
ratory signs: 1) positive microbiological cul-
tures 2) CSF index suggestive of bacterial 
process, as reported by Sarff et al. (6) con-
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sidering the GA, and by Rodriguez et al. (7) 
considering the post-conceptional age. 

Presentation during the first week of 
life was defined as early onset meningitis 
(EOM), while late onset meningitis (LOM) 
included presentation between the 8th and 
30th

 postnatal days. Infection was consid-
ered nosocomial if it was diagnosed after 48 
hours of maternal hospitalisation and subse-
quent birth, or after 48 hours of hospitalisa-
tion of the newborn (8).  Blood culture was 
obtained for each neonate with signs of sep-
sis by the method described by Buttery (9). 
The blood specimen was further inoculated 
into a BACTEC Peds plus/F culture vial 
(BACTEC, Becton Dickinson, USA) and in-
oculated cultures were incubated as soon as 
possible in a BACTEC 9120 instrument for 
up to five days, as recommended by Becton 
Dickinson Microbiological Systems (10).  
PROM was defined as rupture of the mem-
branes prior to 18 hours before delivery 
(11). The mortality rate was also calculated.

Ethics statement

The study was approved by the Ethics Board 
of University Clinical Centre Tuzla, Tuzla, 
Bosnia and Herzegovina. All procedures 
were in accordance with the Declaration of 
Helsinki. Informed consent was not required 
because all information was de-identified.

Statistical analyses 

The results were analysed by arithmetic 
mean and standard deviation. Inferences 
about categorical data were analyzed using 
the chi-square. The association of risk fac-
tors with the development of meningitis is 
the frequency of each characteristic among 
meningitis group divided by the frequency 
of the same characteristic in the group of 
controls with no infection. This is the rela-
tive risk of infection associated with each 
variable. Analyses were performed by IBM 

SPSS Statistics 22 and MedCalc statistical 
software for Windows Version 13–14.10.2. 
P values were considered statistically signifi-
cant at a value of 0.05.

Results

From July 1, 2012 to June 30, 2013 4136 
neonates were born and 200 were hospital-
ised in the NICU. Diagnosis of meningitis 
was performed in 18 infants. The incidence 
of meningitis was 4.4/1000 live birth. The 
number of neonates hospitalised in the 
NICU with meningitis was nine, and after 
discharge from the nursery nine neonates 
were readmitted for meningitis. Risk fac-
tors for acquiring meningitis in neonates are 
shown in Table 1.

Birth weight (BW) and gestational age 
(GA) were similar between neonates with 
meningitis and in neonates of control group: 
2867±835 g (range: 1100-4100 g) v. 2919±850 
(range, 1300-4500); and 36.3 weeks (range: 
30-40 weeks) v. 37.0 (range, 30-40 weeks). 
Half the neonates were preterm but only two 
showed BW ≤1500 g  (11.1%). A significantly 
greater number of neonates with Caesarean 
section and with stained amniotic fluid was 
present in cases in comparison to the con-
trols (p<0.05), as well as a greater number of 
male neonates (p<0.001). 

Mean age at presentation was 8.7 days of 
life (range: 1-28 days). Seven of 18 the neo-
nates with meningitis (38.9%) had EOM and 
11 LOM (61.1%). Admission of neonates ≥7 
days was significantly more frequent in the 
group of neonates with meningitis compared 
to those without meningitis (p<0.001). 

The most common clinical features were 
fever (27.8%), respiratory distress (22.2%) and 
jaundice (16.7%), while other clinical findings 
of meningitis, such as apnoea, convulsions 
and irritability were less common (Table 2).

The mean leukocyte count in CSF was 
498±1178 (5-5000). CSF leukocyte count 
was more than 1000/mm3 in 3 (16.6%) neo-
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nates, and more then 100/mm3 in 8 (44.4%). 
Two neonates had leukocyte count within 
the reference range, but both had positive 
CSF culture and clinical manifestations 
of infection. The mean glucose levels, CSF 
glucose/blood glucose ratio and protein 
levels were 33±12 (5-56) mg/dl, 0.45±0.21 
(0.7-0.77) and 153±65 (87-313) mg/dl. The 
bacterial isolates from CSF and blood in the 
neonates are shown in Table 3.

Bacterial CSF culture was positive in 6 ne-
onates (33.3), showing growth of Gram-posi-
tive bacteria in 5 neonates (27.7%) and Gram-
negative bacteria in 1 (5.5%). Blood culture 
was examined in all neonates; 10 of them had 

positive culture; Gram-positive bacteria were 
isolated from 5 (27.7%) and Gram-negative 
bacteria from 5 (27.7%). In two neonates, no 
bacteria was isolated from the CSF or blood, 
but pleocytosis and low glucose were found 
in one, and pleocytosis and high protein level 
in the other. The mortality rate was 11.1% in 
neonates with meningitis, and 4.6% in the 
group without infection. 

Discussion

This is the first epidemiological study of 
neonatal meningitis in Bosnia and Herze-
govina. The incidence was 4.4/1000. This 

Risk factors

Population of  neonates

RR 95% CI pCases (n=18) Controls (n=36)

n (%) n (%)

Infants

Sex (male) 15 (83.3) 9 (25) 3.3 1.825-6.088 <0.001

BW <1501g 2 (11.1) 1(2.8) 4 0.388-41.23 >0.05

GA ≤ 32 weeks          2 (11.1) 1 (2.8) 4 0.388-41.23 >0.05

AS at 1 min ≤ 5 3 (16,7) 5 (13.9) 1.2 0.322-4.469 >0.05

AA ≥7 days 11 (61.1) 1 (2,8) 22 3.076-157.34 <0.001

Mothers

Caesarean delivery 8 (44.4) 5 (13.9) 3.2 1.221-8.387 <0.05

Stained amniotic fluid 6 (33.3) 3 (8.3) 4 1.129-14.175 <0.05

PROM 4 (22.2) 3 (8.3) 2.6 0.667-10.663 >0.05

H ≥24 h before delivery 2 (11.1) 1 (2.8) 4 0.388-41.23 >0.05

BW=Birth weight; GA=Gestational age; AS=Apgar score; AA=Age of admission; H=Hospitalisation; PROM=Premature rupture of membrane; 
RR=Relative Risk; CI=95% confidence intervals.

Table 1 Risk factors for acquiring neonatal meningitis

Table 2 Clinical manifestations in newborn with 
meningitis

Manifestations n (%)

Respiratory distress 4 (22.2)

Apnoea 2 (11.1)

Fever 5 (27.8)

Irritability 2 (11.1)

Convulsions 2 (11.1)

Jaundice 3 (16.7)

 Total 18 (100)

Table 3 Bacteria isolated from CSF and blood in 18 
neonates with meningitis

Isolates bacteria CSF (n) Blood (n)

Listeria monocytogenes 1 -

Acinetobacter baumannii - 4

Enterococcus faecalis 1 2

Enterobacter cloacae 1 1

Streptococcus species 2 -

Coagulase-negative 
Staphylococcus

1 3

CSF=Cerebrospinal fluid.
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high incidence of neonatal meningitis is in 
keeping with the high incidence of neona-
tal sepsis (32.8/1000 live births, unpublished 
data) and with the incidence in developing 
countries (12, 13, 14). There is no feeding 
with fresh human milk for sick babies in 
our Intensive care unit, but it does exist in 
the NICU where 98% of mothers provide 
milk for their infants (15). This is a preven-
tive measure to reduce the risk of infections 
(16). In almost all newborn, antibiotics are 
routinely used before entering the NICU, in-
creasing the risk of opportunistic infection 
and development of antibiotic resistant or-
ganisms over time (17). Supporting breast-
feeding in the NICU and antibiotic steward-
ship are effective clinical strategies to reduce 
the high incidence of neonatal sepsis and 
meningitis in our neonatal units.

 Our data indicated the predominance 
of the male gender, with similar findings 
to Aletayeb et al. (18). The greater suscep-
tibility of males is evident in cases of sepsis 
and meningitis acquired during delivery or 
in nurseries (19). Late onset meningitis was 
predominant. This finding is in keeping with 
the high incidence of late onset neonatal 
sepsis in our investigation (48.5%, unpub-
lished data). Confirmed meningitis caused 
by Listeria monocytogenes in our study had 
a nosocomial origin, because in the same 
period a neonate was born with confirmed 
Listeria monocytogenes sepsis from a twin 
pregnancy and complicated Caesarean de-
livery. The first twin had Listeria monocy-
togenes sepsis, but the second was healthy. 
The neonate with Listeria monocytogenes 
meningitis had a Bruton agammaglobulin-
emia like predisposing risk for acquiring 
infection. Late onset and cross-infection of 
Listeria monocytogenes meningitis was con-
firmed from other authors (20, 21). Four 
neonates with meningitis had confirmed 
sepsis with Acinetobacter baumannii. In the 
same period we documented an outbreak 
of Acinetobacter baumannii in the Intensive 

care unit (22). The Gram-negative bacteria 
(Enterobacter cloacae), isolated from liquor 
and blood, Acinetobacter baumannii isolated 
from blood, and the more frequent late on-
set meningitis, indicate a nosocomial origin,  
similar to the investigation by Aletayeb et al. 
(18). 

Caesarean delivery and stained amni-
otic fluid were significant risk factors for 
acquiring meningitis. Caesarean section is 
associated with more neonatal sepsis com-
pared to normal vaginal delivery (23). In 
our study, stained amniotic fluid was signifi-
cantly frequent in neonates with meningitis. 
According to the investigation by Zanella et 
al. (24), stained amniotic fluid was one of the 
obstetric risk factors for chorioamnionitis, 
together with frequent digital vaginal exami-
nation, and the duration of labour, with the 
increased risk of neonatal sepsis and menin-
gitis. Obstetric risk factors are very impor-
tant for distinguishing the origin of neonatal 
infection. According to the Centre for Dis-
ease Control definition, newborn infection 
that is the result of passage through the birth 
canal is considered nosocomial, and no spe-
cific time during or after hospitalisation is 
given to determine whether an infection is 
nosocomial (8). The limitation of our results 
according to the risk factors for acquiring 
meningitis might be the matching of con-
trols with a different sex, the type of delivery 
or day of admission.

Fever was the most presented symptom. 
The late onset of meningitis and low rate of 
VLBW infants in our study group may be 
an explanation. Fever was the most com-
mon clinical feature in term-delivered neo-
nates with meningitis in the investigation by 
Kavuncuoğlu et al. (13). The mortality rate 
was 11.1%. Compared with developed coun-
tries, it is similar (2), but the period of inves-
tigation was only one year, and there are no 
previous data for comparison.

In summary, in a one–year investigation, 
from July 1, 2012 to June 30, 2013, 4.4/1000 
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live newborn were diagnosed as having 
meningitis. The incidence of meningitis was 
high compared with the incidence in the de-
veloped world. The late onset of symptoms, 
risk factors and type of isolated bacteria may 
indicate a nosocomial origin. The mortality 
rate was 11.1%. Measures to improve ante-
natal, intrapartum and delivery care, and 
measures during NICU hospitalisation are 
necessary to lower the risk of nosocomial 
infections. 

Conclusions

Important differences have been identified 
in the incidence, aetiology and risk factors 
in our study, compared with the results in 
developed countries. Measures to improve 
antenatal, intrapartum and delivery care, 
and measures during NICU hospitalisation 
are necessary to lower the risk of nosoco-
mial infections. 

What is already known on this topic
Bacterial meningitis is still a major cause of morbidity in neo-
nates in the developing world. Differences in the epidemiology 
of neonatal bacterial meningitis have been identified between 
developed and developing countries. In our region no epidemi-
ological study has been conducted of neonatal bacterial men-
ingitis. 

What this study adds
The results of our study do not add to general knowledge re-
garding the of epidemiological characteristics of neonatal 
bacterial meningitis, but they are important as a very careful 
analysis and present the epidemiology of neonatal bacterial 
meningitis and risk factors in this region.
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