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INTRODUCTION

Neonatal meningitis is a part of  the neonatal sepsis 
spectrum consisting of  primarily neonatal septicemia, 
pneumonia, meningitis, septic arthritis, or urinary tract 
infection. Neonatal sepsis is classified into two groups 
depending upon the time of  onset, early-onset sepsis (EOS) 
which develops within 72 h of  birth, and late-onset sepsis 
(LOS) after 72 h. It is seen that etiological agents, clinical 
presentation, and extent of  the disease varies in both 

groups, as in the case of  neonatal meningitis, neurological 
features (irritability, convulsion, and bulging fontanelle) 
are more commonly found in those who are presented 
late. In a developing country like India, neonatal sepsis 
(30/1000 live birth) and meningitis (3/1000 live birth) 
are some major contributors for neonatal mortality and 
morbidity.1 As most cases of  meningitis may not have any 
distinct clinical picture per se, so it is mandatory to suspect 
neonatal meningitis in practically all cases of  suspected 
clinical sepsis.
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This high burden of  neonatal sepsis in our country not 
only requires thorough investigations and management but 
also necessary to identify the underlying host factors and 
microbial factors which contribute to this so that preventive 
measures can be taken in time. Important host factors 
contributing to sepsis and meningitis are prematurity, low 
birth weight, prolonged rupture of  the membrane, vaginal 
delivery without proper asepsis, etc. The microbial factors 
causing sepsis and meningitis of  newborn is also different 
from the developed countries, where most of  the cases 
of  neonatal sepsis are caused by Group B Streptococcus and 
coagulase-negative Staphylococcus (CoNS), where as in India 
Klebsiella, Escherichia coli, Staphylococcus and Pseudomonas 
are the prevalent pathogens.2,3 As etiological agent and 
their antibiotic susceptibility pattern may vary in different 
regions of  a country and also among different hospitals 
so knowledge of  the prevalence of  the local isolates and 
their antibiotic sensitivity pattern is essential to formulate 
an institution or region-based antibiotic policy. The bacteria 
causing neonatal sepsis also showing gradual development 
of  resistance to various available antibiotics and it is a 
growing concern to all of  us. The mortality of  neonatal 
sepsis constitutes around 25% of  total neonatal death in 
our hospital. Among the neonatal sepsis cases, death rate 
and disability rate are higher for neonatal meningitis. Hence, 
this present study is conducted to know the prevalence of  
local bacterial isolates from the neonates admitted with 
sepsis and meningitis in our sick newborn care unit (SNCU) 
and neonatal intensive care unit (NICU) and their antibiotic 
susceptibility pattern so that we can formulate a rational 
antibiotic policy for institution.

Aims and objectives
To know the etiological agent of  neonatal meningitis with  
its antibiotic  sensitivity  profile   and to evaluate some other 
associated risk factors of  neonatal meningitis.

MATERIALS AND METHODS

This cross-sectional, observational, hospital-based study 
was conducted in the SNCU and NICU of  a tertiary care 
hospital in eastern India among clinically suspected cases 
of  neonatal sepsis admitted from March 2018 to February 
2019. Of  the 662 clinically suspected cases of  neonatal 
sepsis admitted in SNCU and NICU during this time period 
250 samples were taken by simple random sampling method. 
Neonates with major congenital anomalies, acute bilirubin 
encephalopathy, severe perinatal asphyxia, and suspected 
inborn error of  metabolism were excluded from the study. 
After taking ethical clearance from the institution and 
consent from the parents, neonates are subjected to detailed 
history from caregivers and through clinical examination 
to detect sepsis and or meningitis by the clinical features 

such as lethargy/irritability, poor feeding/refusal to suck, 
temperature instability-hypo/hyperthermia, seizure, bulging 
fontanelle, respiratory distress/apnea, abdominal distension, 
poor perfusion, and periumbilical erythema. The time of  
onset of  this presentation before or after 72 h helped to 
categorize them as early-onset or LOS. 2 ml of  venous 
blood was collected with IV cannula with maintaining 
proper asepsis before starting antimicrobial treatment, of  
which 1 ml of  blood was inoculated directly into Brain 
Heart Infusion (BHI) broth in a ratio of  Blood: BHI of  
1:10 in a Pediatric bact alert culture bottle. Remaining 
blood was utilized for sepsis screening. Around 2 ml of  
cerebrospinal fluid (CSF) was collected in a sterile vial, out 
of  which 1 ml was inoculated in CSF culture bottle and 
rest of  the sample was sent for biochemical, cytological, 
and gram staining and Zn staining. Blood culture bottles 
and CSF culture bottles were incubated for 48 h in 
BACT/ALERT machine. After 48 h of  incubation, if  
BACT/ALERT machine was given a positive result then 
culture and sensitivity pattern was tested. Antimicrobial 
sensitivity test was done by modified KirbyBauer method 
of  disc diffusion susceptibility testing, Antibiotics used 
for susceptibility testing are Ceftriaxone, Cefotaxime, 
Cefuroxime, Ceftazidime, Amikacin, Gentamicin, Linezolid, 
Meropenem, vancomycin, Levofloxacin, Ciprofloxacin, 
Imipenem, Piperacillin-Tazobactam, etc. Neonatal 
meningitis is defined as positive CSF culture, gram staining, 
or neutrophilic leucocytosis with or without low glucose 
(<50% of  plasma glucose level) and high protein content 
in a neonate with clinically suspected meningitis. Statistical 
analysis was done using medcalc statistical software, where 
we have done comparison of  proportion analysis with 
Chi-squared test taking P<0.05 as statistically significant.

RESULTS

Of  250 neonates, 151 (60.4%) were term and 99 (39.6%) 
were preterm. Among them, sepsis screen and blood 
culture were positive in 139(55.6%) and 90 cases (36%) 
respectively and meningitis is present in 55 (22%) neonates.

From Table 1, we can see that both clinical sepsis and 
neonatal meningitis are more prevalent in male (62.8% and 
60%) in comparison to female (37.2% and 40%). However, 
incidence of  meningitis among clinical sepsis cases is slightly 
more in female than male (23.6% vs. 21%). Incidence of  
meningitis is more in preterm (24 out of  99, 24.2%) than 
term neonates (31 out of  151, 20.5%) and slightly more 
among low birth weight than normal birth weight neonates 
(22.7% against 21.4%). We found more cases of  meningitis 
in the vaginal delivery group than in the cesarean section 
(24.6% vs. 16.6%). Among the 250 clinically suspected 
neonatal sepsis cases, 110 and 140 cases were classified as 
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EOS and LOS respectively. Neonatal meningitis was found 
in 15 cases of  EOS and 40 cases of  LOS thus indicative 
that meningitis is significantly higher among LOS than 
EOS group (28.5% vs. 13.6% with P<0.05). Mortality is 
significantly higher among meningitis cases (29.1%) in 
comparison to clinical sepsis (13.2%) with P<0.05.

From Table 2, it is seen that the positivity rate of  sepsis 
screen, blood culture, and CSF culture are higher in the 
LOS meningitis group (62.3%, 42.5%, and 77.5%) in 
comparison to EOS meningitis group (53.3%, 26.6%, and 
73.3%). Abnormal CSF finding is also significantly higher 
among LOS than EOS meningitis group (84% vs. 40% 
with P<0.05).

Table 3 shows that among the 42 CSF culture-positive case 
out of  total 55 meningitis, most prevalent organisms are 
E. coli (30.9%), Klebsiella sp. (26.1%), and S. aureus (16.6%) 
followed by Acinetobacter sp. (14.2%) and CoNS (11.9%). 
However, one significant difference is that Acinetobacter sp. 
(36.3%) is the leading organism isolated from the EOS 
meningitis group with P<0.05.

From Table 4, it is seen that isolated E. coli from CSF 
were more sensitive to Amikacin (84%), Gentamicin 
(77%), Levofloxacin (84%), Ceftazidime (72%), and 
Colistin (100%), whereas less sensitive to Cefotaxime 
(38%), Piperacillin-tazobactam (53%), Meropenem (63%) 
and netilmicin (62%). Klebsiella spp. were sensitive to 

Table 1: Demographic and other factors of neonatal sepsis and meningitis
Variables Clinical sepsis (n=250) Meningitis (n=55) Proportion of meningitis/clinical sepsis P value
Gender

Male 157 (62.8%) 33 (60%) 21% 0.595
Female 93 (37.2%) 22 (40%) 23.6%

Gestational age
Preterm (<37 wks) 99 (39.6%) 24 (43.6%) 24.2% 0.444
Term (≥37 wks) 151 (60.4%) 31 (56.4%) 20.5%

Birth wt (kg)
≥2.5 140 (56%) 30 (54.5%) 21.4% 0.785
<2.5 110 (44%) 25 (45.5%) 22.7%

Mode of delivery
Vaginal 166 (66.4%) 41 (74.5%) 24.6% 0.116
Caesarean 84 (33.6%) 14 (25.5%) 16.6%

Onset of sepsis
EOS 110 (44%) 15 (27.3%) 13.6% 0.002
LOS 140 (56%) 40 (72.7%) 28.5%

Outcome
Mortality 33 (13.2%) 16 (29.1%) 48.4% 0.003

EOS: Early onset sepsis, LOS: Late onset sepsis

Table 2: Blood and CSF findings in Early and Late onset meningitis
Variables Total neonatal meningitis

(n=55)
Meningitis in EOS

(n=15)
Meningitis in LOS

(n=40)
P-value

Sepsis screen positive 33 (60%) 8 (53.3%) 25 (62.3%) 0.547
Blood culture positive 21 (38.1%) 4 (26.6%) 17 (42.5%) 0.284
CSF parameters Positive 39 (70.9%) 6 (40%) 33 (84%) 0.001
CSF culture positive 42 (76.3%) 11 (73.3%) 31 (77.5%) 0.746

EOS: Early onset sepsis, LOS: Late onset sepsis, CSF: Cerebrospinal fluid

Table 3: Etiological agent of neonatal meningitis in CSF culture
Etiological agent Total CSF culture positive case

(n=42)
Early onset meningitis

(n=11)
Late onset meningitis

(n=31)
P-value

Escherichia coli 13 (30.9%) 3 (27.2%) 10 (32.2%) 0.760
Klebsiella spp. 11 (26.1%) 2 (18.1%) 9 (29%) 0.485
Acinetobacter spp. 6 (14.2%) 4 (36.3%) 2 (6.4%) 0.016
Pseudomonas spp. 0 0 0
Staphylococcus aureus 7 (16.6%) 1 (9.1%) 6 (19.3%) 0.440
CoNS 5 (11.9%) 1 (9.1%) 4 (12.9%) 0.741
Enterococci spp. 0 0 0

EOS: Early onset sepsis, LOS: Late onset sepsis, CoNS: Coagulase negative Staphylococcus, CSF: Cerebrospinal fluid
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Table 4: Sensitivity pattern of bacteria isolated from CSF culture in neonatal meningitis
Antibiotic Escherichia coli Klebsiella sp. Acinetobacter Sp. Staphylococcus aureus CoNS
Amikacin 11/13 (84%) 7/11 (63%) 2/6 (33%) 2/7 (28%) 2/4 (50%)
Ciprofloxacin 8/13 (61%) 7/11 (63%) 2/5 (40%) 1/6 (16%) 1/3 (33%)
Cefotaxime 5/13 (38%) 3/11 (27%) 0/3 (0%) 0/5 (0%) 2/3 (66%)
Cefuroxime 4/10 (40%) 1/10 (10%) 0/2 (0%) 0/3 (0%) 1/3 (33%)
Ceftriaxone 9/13 (69%) 5/11 (45%) 1/6 (16%) 1/5 (20%) 3/5 (60%)
Ceftazidime 8/11 (72%) 6/11 (54%) 2/6 (33%) 0/3 (0%) 0/1 (0%)
Cefoperazone 5/9 (55%) 4/9 (44%) 1/6 (16%) 0/2 (0%) 1/3 (33%)
Colistin 10/10 (100%) 7/8 (87%) 4/6 (66%) 0/3 (0%) 0/2 (0%)
Gentamicin 10/13 (77%) 5/10 (50%) 1/6 (16%) 0/5 (0%) 1/4 (25%)
Imipinem-cilastatin 2/5 (40%) 7/11 (63%) 0/2 (0%) 0/2 (0%) 1/5 (20%)
Levofloxacilin 11/13 (84%) 9/11 (81%) 5/6 (83%) 3/7 (42%) 3/5 (60%)
Linezolid 0/2 (0%) 5/7 (71%) 3/4 (75%)
Meropenem 7/11 (63%) 4/9 (44%) 1/4 (25%) 3/7 (42%) 2/3 (66%)
Netilmicin 5/8 (62%) 5/8 (62%) 2/6 (33%) 0/4 (0%) 0/2 (0%)
Ofloxacin 6/9 (66%) 7/11 (63%) 3/6 (50%)
Piperacillin-tazobactam 7/13 (53%) 3/9 (33%) 1/3 (33%) 0/3 (0%) 0/2 (0%)
Vancomycin 6/7 (85%) 4/5 (80%)
Teicoplanin 3/3 (100%) 1/1 (100%)

CoNS: Coagulase negative Staphylococcus, CSF: Cerebrospinal fluid

Levofloxacin (81%) and Colistin (87%) whereas most of  
the strain were resistant to other commonly prescribed 
antibiotics like Piperacillin-tazobactam (33%), Meropenem 
(44%), Cefotaxime (27%), Amikacin (63%), and Netilmicin 
(62%). Another gram-negative organism Acinetobacter 
spp. Showed good sensitivity only to Levofloxacin (83%). 
Among the gram-positive organisms, S. aureus and 
CoNS were only sensitive to Linezolid (71% and 75%), 
Vancomycin (85% and 80%), and Teicoplanin (100% and 
100%).

DISCUSSION

Among the 250 clinically suspected neonatal sepsis cases, 157 
were male and 93 were female. Hence, the male newborns 
outnumbered the female newborns for the development 
of  sepsis. More susceptibility of  male newborns for 
neonatal sepsis may be due to the presence of  X-linked 
immune-regulatory genes which makes X chromosome 
more immune than Y chromosome.4 Though out of  total 
neonatal meningitis cases 33 were male and 22 were female, 
the proportion of  neonatal meningitis among clinical sepsis 
is slightly higher in female (23.6%) than male (21%). Various 
other studies also found male newborns more susceptible 
for the development of  sepsis and meningitis.5,6

Among the clinical sepsis incidence of  neonatal meningitis 
is higher in pre-term babies in our study. Hence, this is well 
correlated with previous studies in which preterm birth 
was a significant risk factor for the development of  sepsis 
and meningitis due to their immature immune system.7-10 

Similarly, we have found LBW babies with sepsis are more 
prone to develop neonatal meningitis than their normal 
birth weight counterparts like most other studies.9,11

Proportion of  neonatal meningitis is much higher in 
LOS group than in EOS group i.e. 28.5% versus 13.6%. 
Although Bhagat et al., found 16% of  neonatal meningitis 
in late-onset group,12 some other references states that 
neonatal meningitis occurred in 5–10% in EOS and 25% 
in LOS patients.13 Hence, similar results were found in 
this study.

Neonatal meningitis has a very bad prognosis with case 
fatality rate almost 30–40% in developing countries despite 
improvement of  neonatal intensive care. In this study, 
16 (29.1%) newborns died during the course of  the disease 
and death due to gram-negative bacterial meningitis was 
more than the gram-positive bacterial meningitis. Different 
reports showed neonatal mortality rate from 15% to 26% 
in case of  meningitis.14,15

CSF study and CSF culture was positive in 70.9% and 76.3% 
cases of  neonatal meningitis respectively in our study. 
However, sepsis screen and blood culture were positive 
in only 60% and 38.1% cases of  neonatal meningitis. So 
we may miss a majority of  cases of  neonatal meningitis 
unless we do CSF study and CSF culture in every case 
of  clinically suspected neonatal sepsis. Even many cases 
had not shown CSF parameters changes while their CSF 
culture have isolated some organisms. Smith et al., found 
that sensitivity for predicting meningitis was low with only 
CSF study and emphasized the critical need for CSF culture 
to establish the diagnosis of  meningitis.16 Visser and Hall 
reported normal CSF parameters in 15% of  infants with 
culture-proven meningitis.17 We found positivity rate of  
sepsis screen, blood culture, and CSF culture were more 
in late-onset meningitis than in early-onset meningitis in 
our study.
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Prevalent organism for neonatal sepsis and meningitis is 
different in developing countries from that of  developed 
countries. Gram-negative bacterial sepsis is more common 
than the Gram-positive bacterial sepsis in developing 
countries like India. Bhagat et al., and Chhabra et al., 
found MRSA, E. coli and Klebsiella as the predominant 
bacteria,8,12 whereas Pal et al., found Klebsiella pneumonie 
and E. coli as most common organism causing neonatal 
meningitis.15 Similar result was found in the present study, 
where most prevalent organisms isolated in CSF culture 
were E. coli (30.9%), Klebsiella sp. (26.1%), and S. aureus 
(16.6%) followed by Acinetobacter sp. and CoNS. Hence, the 
Gram-negative organisms outnumbered the Gram-positive 
organisms in causing neonatal meningitis. In a recent cohort 
study in Delhi, they found Acinetobacter spp, as the most 
common Gram-negative organism isolated which is also 
the most common pathogen in the EOS meningitis group 
in our study.18

Neonatal meningitis should be treated with appropriate 
antibiotics and the choice of  antibiotic should depend on 
the sensitivity pattern of  the bacteria isolated and CSF 
penetration of  the drug. Due to the growing antibiotic 
resistance it is difficult to form a universal protocol but 
we should start the empirical antibiotics according to the 
local sensitivity pattern before getting the culture report. 
Hence, it is essential to know the sensitivity pattern of  local 
isolates institution wise.

In the present study, most of  the strains of  E. coli 
and Klebsiella spp were resistant to common first 
line antibiotics such as Cefotaxime, Cefuroxime, 
Cefoperazone, and Piperacillin-tazobactam and few 
strains are also resistant to Meropenam and Imipenem-
cilastatin. Most of  the strains were sensitive to Amikacin, 
Levofloxacin, and Colistin. On the other hand Gram 
positive organisms such as S. aureus and CoNS were 
resistant to Aminoglycosides, Fluoroquinolones, and 
Cephalosporin group of  drugs and sensitive only to 
Vancomycin, Linezolid, and Teicoplanin. Studies by 
Sheth et al., in Western part of  India and Viswanathan 
et al., in eastern India have also found high proportion 
of  resistance to the common first-line antibiotics.19,20 
Differences of  antibiotic sensitivity and resistance 
patterns among various studies can be explained by the 
regional variation of  prevalent organisms and different 
antibiotic regimens used for treating those organisms.21 
High degree of  resistance to commonly used antibiotics 
was also reported by Devi et al., In their study.7

Limitations of this study
This is a hospital-based study involving small number of  
study samples. So, the results of  this study may not be 
applied to the others hospital or community and large scale 

multi-centric study is needed to establish a more generalized 
antibiotics sensitivity pattern.

CONCLUSION

The present study shows that low birth weight, prematurity, 
vaginal delivery, and LOS are associated with higher 
incidence of  neonatal meningitis and CSF culture should be 
done in every cases of  clinical sepsis to rule out meningitis. 
We have found E. coli, Klebsiella sp., S. aureus, Acinetobacter 
sp. and CoNS as the most prevalent organism in CSF 
culture, and many of  them are resistant to conventional 
first-line antibiotics such as cephalosporin or Piperacillin-
tazobactam. Here strains of  E. coli and Klebsiella spp were 
mostly sensitive to Amikacin, Levofloxacin, and Colistin 
and Acinetobacter spp. sensitive only to Levofloxacin. Gram-
positive organism like S. aureus and CoNS were found 
sensitive only to Vancomycin, Linezolid, and nn. So every 
institution should make their own antimicrobial policy 
according to their local sensitivity pattern and update them 
at a regular interval to improve the prognosis of  neonatal 
sepsis and meningitis by choosing appropriate antibiotics 
early.
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