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Abstract
Background: The most common causes of morbidity and mor-
tality in neonates admitted to the neonatal intensive care unit 
(NICU) are suspected sepsis and meningitis. The presentation 
of sepsis includes symptoms and signs that are nonspecific and 
seen in other conditions as well. Mortality rates of neonates 
and infants are the most important indices used to assess the 
health status of a community.

Objective: To examine the clinical, hematopathological, 
and bacteriological profile of neonates with septicemia and  
meningitis in a tertiary care hospital in northern India 

Methods: One hundred neonates with clinical sepsis admitted 
to the NICU were included in the study. Every neonate 
underwent blood culture, urine culture, and cerebrospinal 
fluid (CSF) analysis. These parameters were compared among 
neonates with clinical sepsis, culture-proven sepsis, and CSF 
analysis– positive meningitis.

Results: The incidence of early-onset sepsis (EOS) and late-
onset sepsis (LOS) was 49% and 51%, respectively. Perinatal 
asphyxia was observed in only 11%. Peripheral blood flow 
analysis revealed a significant association of toxic granulations 
and band forms with septicemia. Culture isolates were positive 
in 53% of study neonates, 48% from blood and 8% from urine. 
Staphylococcus aureus was most commonly isolated. Analysis 
of CSF indicated meningitis in 28% of the total neonates. CSF 
cytology was polymorphonuclear in 19% of cases, whereas 
the biochemical indices were indicative of meningitis in 21% of 
cases. CSF cultures were positive for microbial growth in 3%. 
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Conclusions: The incidence of meningitis and positive cultures 
was high in neonates with LOS, high in birth order, low gesta-
tional age and birth weight, and those born extramurally. 

Key Words: Sepsis, neonate, meningitis, cerebrospinal fluid, 
Staphylococcus aureus, birth order

Introduction
Neonatal sepsis is clinically characterized by invasive 
infection with or without bacteremia in the first month 
of life. It causes various other systemic infections such 
as septicemia, meningitis, pneumonia, arthritis, osteo-
myelitis, and urinary tract infections, leaving aside 
superficial infections such as conjunctivitis and oral 
thrush.1-3 

Bacterial sepsis and meningitis remain leading causes 
of morbidity and mortality in neonates, particularly in 
low-birth-weight, very low-birth-weight, and preterm 
neonates.1 Sepsis contributes up to 52% of neonatal 
deaths in the community and 36% of deaths in hospital 
newborns.2 In India, the incidence of neonatal sepsis is 
30 per 1000 live births. Gram-negative organisms are 
more frequently known to cause sepsis compared with 
gram-positive organisms, among both intramural and 
extramural neonates.3

Neonatal septicemia has been divided into 2 types 
based on the time of onset: early-onset sepsis (EOS; 
within the first 72 h of life) and late-onset sepsis 
(LOS; after 72 h of life). EOS is caused by organ-
isms prevalent in the maternal genital tract or in the 
delivery area, including Escherichia coli, Klebsiella, and  
Enterobacter species.4 The associated factors for EOS 
include low birth weight (< 2.5 kg), prolonged rupture 
of membranes (> 24 h), foul-smelling liquor, multiple 
per vaginum examinations (> 3), maternal fever of 
102°F or more during labor and the preceding 48 hours, 
difficult or prolonged labor (> 16 h in second stage), 
and aspiration of meconium. EOS manifests frequently 
as pneumonia and less commonly as septicemia or 
meningitis.1 LOS is caused by the organisms present in 
the surroundings of the home or the hospital, and they 
are transmitted through the hands of care providers. 

The associated factors of LOS include low birth weight 
(< 2.5 kg), lack of breastfeeding, superficial infections 
(infections of the skin and soft tissues), aspiration of 
feeds, disruption of skin integrity, and use of intrave-
nous fluids. The clinical presentation of LOS is similar 
to that of septicemia, pneumonia, or meningitis.

As the manifestations of neonatal septicemia are indef-
inite, early diagnosis requires a high index of suspi-
cion. But, the most common manifestation is change 
in the regular feeding behavior in LOS and respiratory 
distress in EOS. Although fever is infrequent, hypo-
thermia is common. Other manifestations include diar-
rhea, vomiting, abdominal distension, apneic spells, and 
cyanosis. Sclerema, shock, bleeding, and a prolonged 
capillary refill time are warning signs.

Laboratory evaluation of a symptomatic neonate 
usually shows an elevated WBC count with a predom-
inance of immature granulocytes, polymorphonu-
clear (PMN) cells or a depressed total WBC (< 5000) 
and absolute neutropenia (PMN cells < 1500). Other 
findings include hyperglycemia, metabolic acidosis, 
elevated prothrombin time, partial thromboplastin 
time, and international normalized ratio.1 However, in 
view of broad clinical presentation of septicemia, blood 
culture remains the gold standard to confirm the diag-
nosis of septicemia. In cases of meningitis, owing to 
similar clinical presentation as of sepsis, cerebrospinal 
fluid (CSF) culture remains the gold standard to label 
a case of sepsis as a case of meningitis. Studies have 
also shown that cases of CSF culture–positive neonates 
do have negative blood cultures.5 CSF analysis is also 
done if meningitis is suspected. Normally, CSF anal-
ysis should reveal < 30 cells/mm3 with 60% PMN cells. 
CSF proteins must be in a range of 20 to 170 mg/dL 
and glucose levels in a range of 34 to 119 mg/dL. 

Original Article

Chhabra GS, et al. Neonatal Septicemia and Meningitis



56 • PERINATOLOGY • Vol 17 • No. 2 • Jul–Sep 2016

Objective
This study was conducted to analyze the proportion of 
neonates who were admitted to the NICU of Shri Guru 
Ram Das Institute of Medical Sciences & Research 
with suspected sepsis, who later developed meningitis. 
This study specifically identified the CSF bacterial 
pathogens and clinical and hemato-patho-microbiolog-
ical determinants of sepsis and meningitis. 

The study results could affect the antibiotic policy 
implications in the form of both the initial choice of 
antimicrobial agents and the duration of therapy for 
septicemic neonates.

Materials and Methods
Study setting 
One hundred neonates admitted to NICU of depart-
ment of pediatrics and departments of microbiology 
and pathology, Sri Guru Ram Das Institute of Medical 
Sciences & Research (Sri Amritsar, Punjab, India) were 
enrolled for the study after obtaining approval from 
ethics committee of the institute. Written informed 
consent was obtained in their own vernacular language 
from parents or guardians of all neonates.

Study design 
This was an observational study.

Inclusion criteria
Neonates were enrolled in the study based on 
•	 Signs and symptoms of sepsis: General signs and 

symptoms of irritability, lethargy, refusal to feed, 
and fever/hypothermia; respiratory symptoms of 
tachypnea, grunting, and chest retractions; central 
nervous system (CNS) symptoms of bulging 
fontanel, neck retraction, and seizures.

•	 One or more of the following investigation 
criteria: Peripheral blood smear having band forms 
> 10%, toxic granulations > ++, shift to left; total 
leukocyte counts < 4000/mm3 or > 18000/mm3; 
neutrophils > 60%; positive blood culture or urine 
culture or CSF culture; and CSF analysis for 
biochemistry and cytology showing > 8 cells per 

high-power field, total proteins > 150 mg/dL, or 
CSF sugar < 1/3 of blood sugar.

Exclusion criteria
Neonates whose parents/guardians declined to give 
consent; neonates who expired within 24 hours of 
admission; and very sick neonates in whom lumbar 
puncture could not be performed were excluded from 
the study. 

Study procedure
As per pro forma, a detailed history regarding the 
gestational age, antenatal risk factors, place and 
mode of delivery, natal and postnatal risk factors was 
obtained (Table 1). Complete physical examination was 
conducted for all the neonates, and they were observed 
for signs and symptoms of septicemia (Table 2) and 
meningitis.

Following procedures were performed in all the 
neonates. 

Blood culture: Specimens were plated on choco-
late agar, blood agar, and MacConkey agar. Organ-
isms developed were identified by colony morphology, 
Gram staining, and biochemical tests using standard 
methods. 

Urine culture: Bladder tap was performed using a 5-cc 
disposable syringe with a 23-gauge needle, and the 
samples were studied for the presence of pus cells and 
culture sensitivity.

Lumbar puncture: The CSF was collected and studied 
for cell count and differential count; culture and sensi-
tivity; and glucose and protein levels. Gram staining 
was also performed.

Laboratory investigations: Blood samples were 
collected and studied for total leukocyte count using 
an automated blood counter; peripheral blood film was 
prepared and stained with Giemsa stain.

After collecting all the parameters, statistical anal-
ysis was performed using chi square test for nonpara-
metric data and ANOVA for parametric data. P value 
< .05 was considered significant and < .001 as highly  
significant. 
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Results
The laboratory investigations are detailed in Tables 3 to 
6 and Figures 1 and 2.
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Table 2. Signs and Symptoms of Septicemia in the 
Study Neonates

Signs and Symptoms No. of Cases
General 
 Irritability 90
 Refusal to feed 87
 Lethargy 76
 Fever 54
Respiratory 
 Tachypnea 72
 Chest retractions 66
 Grunting 54
 Apnea 25
CNS 
 Neck retraction 81
 Bulging fontanel 70
 Seizures 47
Others 
 Periumbilical erythema 11

CNS, central nervous system.

Table 1. Study Demographics

Variables No. of Cases
Sex
 Male 79
 Female 21
Age at Presentation
 ≤ 3 d (EOS) 49
 > 3 d (LOS) 51
Antenatal Factors
 Leakage per vaginum (> 48 h) 56
 Fever in the last trimester (> 102°F) 16
 Oligohydramnios 9
  Pregnancy-induced hypertension 3
 Hypothyroidism in mother 1
 Premature membrane rupture 1
 Hepatic coma (disseminated intravascular 
    coagulation, systemic lupus erythematosus) 2

 Test tube baby 1
Natal Factors
 Place of birth
  Intramural 37
  Extramural 63
 Mode of delivery
  Normal vaginal delivery 47
  Lower segment cesarean section 53
 Birth order
  First 55
  Second 31
  Third or higher 14
 Gestational age
  Term (≥ 37 wk) 56
  Preterm (< 37 wk) 44
 Birth weight
  < 1.5 kg 17
  1.5–2.5 kg 50
  > 2.5 kg 33
 Perinatal asphyxia
  Present 11
  Absent 89

EOS, early-onset sepsis; LOS, late-onset sepsis.

Table 3. Results of Laboratory Investigations

Laboratory Variables No. of Cases
Complete Blood Count
 Total leukocyte count, cells/mm3

  < 4000 6
  4000–18,000 43
  > 18,000 51
 Neutrophils
  Normal 32
  Neutrophilia (> 60%) 68
Peripheral Blood Film
 Band forms (> 10%) 71
 Toxic granulations (> 2+) 72
 Shift to left 10
Metabolic 
 Random blood sugar
  Hypoglycemia (< 40 mg/dL) 23

  Normoglycemia 76

  Hyperglycemia 1
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Table 4. Blood and Urine Culture Results 

Isolation of Bacteria From 
Blood

No. of Cases Percentage

Positive 48 48
Negative 52 52

As Table 4 indicates blood cultures were positive in 
48% of the neonates. Most common organism isolated 
was Staphylococcus aureus (in 21% neonates) followed 
by Acinetobacter (in 7% neonates). Other organisms 
found were E coli, Klebsiella, coagulase-negative Staphy-
lococcus (CONS), Citrobacter, Enterobacter, and Entero-
coccus in 1% to 5% neonates (Figure 1). Urine culture 
was positive in 8% of the neonates. Candida, E coli, and  
S aureus were isolated in 2% neonates followed by 
CONS and Enterococcus in just 1% (Figure 2).

Figure 2. Various Organisms Isolated From Urine 
Culture in 8% of the Neonates 

Figure 1. Various Organisms Isolated From Blood 
Culture in 48% of the Neonates
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Table 5. Results of CSF Analysis for Cytology and  
Biochemistry and Culture Isolates of the Neonates

Variables No. of Cases
Cytology
 No. of cells (neutrophils/lymphocytes)
  < 8 81
  > 8 19
Biochemistry
 Proteins
  ≤ 150 mg/dL 79
  > 150 mg/dL 21
 Globulins
  Positive 37
  Negative 63
 Sugar
  < 1/3 of BS 15
  > 1/3 of BS 85
Culture-positive CSF
 C/S
  Positive 3
  Negative 97
CSF Analysis Indicative of Meningitis
 Positive 28
 Negative 72

BS, blood sugar; CSF, cerebrospinal fluid.

As Table 5 indicates CSF cytology was positive in 
19% of the neonates; CSF proteins were high in 21% 
neonates; sugar levels of 15% were diagnostic of menin-
gitis; and CSF culture was positive in just 3% neonates.

According to the data mentioned in Table 6, it was 
observed that meningitis was observed in two-thirds of 
clinical sepsis cases with positive cultures.

Table 6. Correlation of Culture-Positive Sepsis (Blood 
or Urine/Blood or Urine) and Meningitis

No. of CSF 
Culture–Positive 

Cases

No. of CSF 
Culture–Negative 

Cases
Positive Cultures (Blood or 
Urine/Blood or Urine) 

18 (64.2%) 35 (48.6%)

Negative Cultures (Blood or 
Urine/Blood or Urine) 

10 (35.8%) 37 (51.4%)

Total 28 (100%) 72 (100%)
P Value .169 (NS)

NS, not significant. 

Staphylococcus aureus

Staphylococcus aureus

E coli

E coliCandida

7.00

2.00

2.00

2.00

1.00
1.00

5.00

4.00
4.00

3.00 3.00
1.00

21.00

CONS

CONS

Enterobacter

Acinetobacter
Klebsiella
Citrobacter
Enterococcus

Enterococcus
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Discussion
In this study, 100 neonates (79% males and 21% 
females with M:F ratio 3.7:1) with clinical sepsis were 
enrolled. This was in concordance with previous studies 
conducted worldwide.6,7 The higher number of male 
patients in this study reflect the male-predominant sex 
ratio of Punjab (895/1000). 

Among 100 neonates studied, EOS and LOS were diag-
nosed in 49% and 51% neonates, respectively, having 
an almost equal ratio. However, EOS cases outnum-
bered LOS cases in studies conducted by Carstensen  
et al8 and Rasul et al,9 which were due to poor antenatal 
care and high risk factors in the study neonates.

The analysis of antenatal factors in the clinically septic 
neonates revealed that significant leaking per vaginum 
was observed in 56% of neonates, followed by fever  
(> 102°F) during the last trimester in 16%, oligohy-
dramnios in 9%, and pregnancy-induced hyperten-
sion in 3% of study neonates. Other factors such as 
hypothyroidism in mother and premature rupture of 
membranes were observed in just 1%. Similar results 
were noted in other studies conducted worldover.10,11 
Hence, neonates with leakage per vaginum and 
maternal fever are at a much higher risk of sepsis and 
meningitis. 

In our study, 63% of neonates were extramural and 
37% were intramural. Neonates delivered by lower 
segment cesarean section and normal vaginal delivery 
were almost equal, that is, 53% and 47%, respec-
tively. Other studies12,13 reveal similar statistics with 
respect to mode of delivery. Highly variable incidences 
have been reported as in extramural and intramural 
neonates because different hospitals provide care at 
different levels and higher centers serve as referral units 
for various setups in that area. Our study documented 
55% of cases as first in birth order, 31% second, and 
remaining as third and fourth. About 56% were term 
neonates and remaining 44% were preterm neonates; 
50% were low-birth-weight neonates and 17% were 
very low-birth-weight neonates. Perinatal asphyxia 
was observed in 11% of cases. Previous studies have 
mentioned the maximum incidence of meningitis and 
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sepsis in very low-birth-weight neonates,14,15 mainly 
attributable to poor immune response. Birth order did 
not significantly alter the chances of incidence of sepsis 
in neonates.

As observed in our study, irritability was most 
commonly seen in 90% of neonates, followed by 
refusal to feed in 87%, neck retraction in 81%, and 
lethargy in 76%. Bulging fontanels, chest retractions, 
grunting, and fever were seen in 50% to 70% of cases 
and remaining signs such as seizures and apnea were 
observed in < 50% of cases. Khatua et al16 and Malik et 
al17 reported refusal to feeds as the most common clin-
ical presentation. Observations made by Bhakoo et al18 
are also comparable to that observed in our study. 

In a study by Thermiany et al,19 the results of laboratory 
investigations showed that 51% neonates had leukocy-
tosis, 6% had leukopenia, and 68% had neutrophilia. 
Ghosh et al20 and Zawar et al21 in their respective 
studies reported leukopenia and neutropenia to be asso-
ciated with septicemia. Peripheral blood film showed 
toxic granulations in 72% and band forms in 71% 
of cases.22 Hence, it is concluded that septicemia and 
meningitis are consistently associated with abnormal 
WBC counts (leukocytosis/leukopenia), abnormal 
differential counts (neutropenia/neutrophilia), and 
peripheral blood film evidence of toxic granulations and 
band forms.

The incidence of culture-positive (blood or urine/blood 
or urine) sepsis was 53% and that of CSF–analysis  
positive meningitis was 28%. Blood cultures were posi-
tive in 48% of cases and urine and CSF cultures were 
positive in just 8% and 3% of cases, respectively, similar 
to other study in developing countries conducted 
in tertiary care hospitals.23–25 However, lower inci-
dences have been reported in developed countries.26 
This variation is due to high quality of life, better 
hospital services, and lower sepsis rate in developed  
countries.16,27

The commonly detected organism in 21% of blood 
culture, 2% of urine culture, and 3% of CSF culture 
isolates was S aureus. Acinetobacter was the second most 
common isolate found in 7% of cases followed by E coli, 
Klebsiella, CONS, Citrobacter, and Enterobacter.28,29 
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Sharma et al30 and Choudhry et al31 reported E coli as 
the predominant pathogen in their studies. This vari-
ation in the culture isolates is attributed to different 
geographic distribution of study neonates. 

In our study, the CSF analysis was positive in 28% of 
neonates. Biochemical analysis of CSF revealed high 
level of proteins in 21% of neonates and sugar in the 
meningitic range in 15% of them. CSF cytology was 
positive in 19% of cases. Cultures were positive in 
just 3% of cases. Our study results were in concord-
ance with the study conducted by Abdulla et al,32 who 
reported only 1 positive culture isolate (Klebsiella in 13 
cases of neonatal meningitis). Milledge et al33 reported 
that 39.6% of neonates with septicemia had menin-
gitis; whereas Greenberg et al34 documented menin-
gitis in two-thirds of clinically septic neonates. Laving 
et al35 reported low prevalence of neonatal meningitis 
in 17.9% of cases of suspected sepsis. Thus, it can be 
documented that the incidence of meningitis in clini-
cally septic neonates is one-third to two-thirds. 

Conclusions
The incidence of sepsis varies from 2 to 8 cases per 1000 
live births. Abnormal WBC and differential counts are 
constantly associated with septicemia. The incidence 
of meningitis and culture-positive septicemia was high 
in neonates with LOS, high in birth order, low gesta-
tional age and birth weight, and those born extramu-
rally. Although the prevalence of bacterial meningitis 
is low in newborns, it remains a serious issue because 
of its high morbidity and mortality rates. In neonates 
with a strong clinical suspicion of sepsis, precipitating 
as meningitis, lumbar puncture for CSF cell count, 
protein and glucose concentration, Gram staining, and 
culture must be performed.

Recommendation
In all cases of sepsis in neonates, CSF examination 
should be done routinely to ensure that meningitis is 
diagnosed and treated promptly.
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