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ABSTRACT 
Introduction: Neonatal sepsis is a clinical syndrome characterised 
by signs and symptoms of infection with or without accompanying 
bacteraemia in the first month of life. It is responsible for about 
30-50% of the total neonatal deaths in developing countries. 
Neonatal sepsis can be divided into two sub-types depending upon 
whether the onset of symptoms is within the first 72 hours of life 
(Early Onset Neonatal Sepsis) or after 72 hours of life (Late Onset 
Neonatal Sepsis). Meningitis is an important complication of late 
onset neonatal sepsis.  
Method: This was hospital based prospective observational study 
conducted among the neonates admitted with diagnosis of late 
onset neonatal sepsis in Neonatal Intermediate Care Unit (NIMCU) 
and Neonatal Intensive Care Unit (NICU) of a tertiary care referral 
centre in Kathmandu, Nepal from July 2016 to June 2017. The 
objective of this study was to evaluate the importance of 
performing lumbar puncture in neonates with LONS. 
Results: 16.8% neonates with late onset neonatal sepsis were 
found to have meningitis. Among the neonates with meningitis C 
reactive protein was positive in 57.2% and negative in 42.8%.  
Among the cases with abnormal CSF findings, blood culture was 
sterile in 85% cases and organism was isolated 15% cases. In 
88.8% cases with positive blood culture, no meningitis was 
detected. Lumbar puncture was traumatic in one neonate (0.8%) in 
first attempt. Apart from this no other complication of performing 
lumbar puncture was noted.  
Conclusion: Lumbar puncture and CSF examination is mandatory 
in all cases with late-onset sepsis.!
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INTRODUCTION 
Neonatal sepsis is a clinical syndrome characterised 
by signs and symptoms of infection with or without 
accompanying bacteraemia in the first month of 
life.1 It encompasses various systemic infections of 
the newborn such as septicaemia, meningitis, 
pneumonia, arthritis, osteomyelitis and urinary tract 
infections. Superficial infections like conjunctivitis 
and oral thrush are not usually included under 
neonatal sepsis. Sepsis is one of the commonest 
causes of neonatal mortality. It is responsible for 
about 30-50% of the total neonatal deaths in 
developing countries.2,3 It is estimated that up to 
20% of neonates develop sepsis and approximately 
1% die of sepsis related causes.3  

Neonatal sepsis can be divided into two sub-types 
depending upon whether the onset of symptoms is 
within the first 72 hours of life (Early Onset Sepsis, 
EONS) or after 72 hours of life (Late Onset 
Neonatal Sepsis, LONS).4 The source of infection 
in LONS is either nosocomial (hospital-acquired) 
or community-acquired and neonates usually 
present with septicaemia, pneumonia or   
meningitis.5,6 

Meningitis is an important complication of late 
onset neonatal infection. Various studies have 
shown cerebrospinal fluid (CSF) culture was 
positive in 1.3 – 22.5% of babies with LONS.7-13 

These studies are in agreement that 15 – 50% of 
babies with meningitis (CSF culture positive) have 
negative blood cultures. The clinical features of 
septicaemia and meningitis often overlap; it is quite 
possible to have meningitis along with septicaemia 
without any specific symptomatology. This justifies 
the extra precaution of performing lumbar puncture 
(LP) in neonates with suspected sepsis. In EONS, 
lumbar puncture is indicated in the presence of a 
positive blood culture or if the clinical picture is 
consistent with septicaemia. It is not indicated if 
antibiotics have been started solely due to the 
presence of risk factors. In situations of late onset 
sepsis, LP should be done in all infants prior to 
starting antibiotics. However in a critically sick 
neonate lumbar puncture should be performed once 
the clinical condition stabilises.1 The primary 
argument in favour of universal inclusion of LP in 
septic workups (SWUs) is the observation that 

neonatal meningitis may occur in the presence of 
negative blood cultures. 

METHODS 
This was a hospital based prospective study 
conducted in a tertiary care referral centre for 
children, situated in Kathmandu, Nepal. The study 
was conducted after taking Institutional Review 
Committee clearance from the local ethical 
committee. We enrolled 125 neonates presenting 
after 72 hours of life and before 28 days, with signs 
and symptoms of clinical sepsis as per National 
Neonatology Forum criteria (NNF). The babies 
were admitted with diagnosis of LONS in Neonatal 
Intermediate Care Unit (NIMCU) and Neonatal 
Intensive Care Unit (NICU) of our institute from 
July 2016 to June 2017. As per NNF guidelines 
neonatal sepsis was categorised as follows: 
(a) Blood culture positive cases (Confirmed / 

documented sepsis) 
(b) Blood culture negative but sepsis screen 

positive cases (Probable sepsis) 
(c) Blood culture negative and sepsis screen 

negative cases, but with clinical features 
compatible with sepsis (Clinical sepsis)- one of 
the following signs or symptoms: fever 
( t e m p e r a t u r e > 3 8 ° C ) , h y p o t h e r m i a 
(temperature < 36°C), decreased sucking, poor 
sucking or not sucking, lethargy, irritability, 
seizure, apnea, cough, respiratory distress or 
abdominal distention. 

Sepsis screening as inclusion criteria is: A neonate 
was said to have sepsis if any two or more of the 
following investigations were abnormal: Total 
leukocyte count < 5000 cells/mm3, I/T ratio > 0.2, 
ANC < 1800 cells/mm3, m-ESR  > 15 mm at the 
end of first hour, C reactive protein positive. 
Meningitis: greater than 30 leucocytes/mm3 in CSF 
and / or organism isolated in CSF culture. Normal 
healthy neonates may have as many as 30 
leucocytes/mm3 (usually < 10) in CSF.14 

Investigations were sent which included complete 
blood count, random blood sugar, serum 
electrolytes (sodium and potassium) and blood 
culture and sensitivity. Urine analysis and chest X-
ray was done to detect the cause of fever. After 
informed written consent, LP was done and CSF 
was collected in two sterile vials: one for total 
count, differential count, protein and sugar and 
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another for gram stain and culture. The vials were 
sent to the Emergency Laboratory for analysis. CSF 
was analysed as per standard laboratory methods in 
the Emergency Laboratory. The appearance of CSF 
was noted. For cell estimation, Neubauer counting 
chamber was used. For protein estimation, equal 
amount CSF was mixed with 3% sulfosalicylic acid 
and turbidity was noted after 10 minutes which was 
compared with standard solution. For glucose 
estimation, Trinder’s method was used. One ml of 
glucose reagent (glucose oxidase and peroxidase) 
was mixed with 10 microliter of CSF and incubated 
at 370 Celsius for five minutes. The absorbance of 
the sample was read against the standard and 
glucose was calculated based on absorbance and 
concentration of caliber. For gram staining and 
culture, the CSF was sent to microbiology 
laboratory.  

RESULTS 
Out of 125 neonates, 70.4% of cases were of 
normal birth weight followed by 27.2% with low 
birth weight and 2.4% neonates were less than 1.5 
kg. There was male preponderance (69%) with 
male : female ratio 2.2:1. Among the newborns 
enrolled in the study, 5.6% were preterm, 92.0% 
were full term and 2.4% were postdated. Twenty 
percent neonates were from Kathmandu valley and 
80% were from outside valley. Ninety-three 
neonates (74.4%) were delivered via SVD, two 
(1.6%) were delivered via instrumental delivery 

and remaining 30 neonates (24.0%) were delivered 
via LSCS.  

As shown in figure above, poor feeding (89.6%), 
fever / hypothermia (47.2%), excessive / poor cry 
(40.8%) and irritability / lethargy (33.6) were the 
common symptoms. Thirteen neonates (10.4%) 
received some medical treatment while 112 
(89.6%) neonates didn’t receive any medical 
treatment before reaching our hospital. As depicted 
in the figure above, CRP was positive in 31.2% 
(39/125) of newborns. Abnormal haemoglobin 
level (42.4%), abnormal total count (16.0%), 
thrombocytopenia (12.8%), low absolute neutrophil 
count (4%) were the major laboratory abnormalities 
detected.   

As seen in figure 3, blood culture was positive in 
27 out of 125 cases, which accounts for 21.6% of 
total cases. In this study, 21 out of 125 neonates 
(16.8%) with late onset neonatal sepsis were found 
to have meningitis. Organism was isolated from 
cerebrospinal fluid only in one case (0.8%) and the 
isolated organism was Streptococcus pyogenes. The 
organism was sensitive to cotrimoxazole and 
erythromycin. 

Staphylococcus aureus was the most predominant 
organism isolated in 66.7% (18/27) of newborns 
with a positive blood culture. Coagulase negative 
staphylococcus (CONS), next most common 
organism, was isolated in 18.5% of culture positive 
cases. The other organisms isolated were 
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Acenatobacter (11.1%) and E. coli (3.7%). Most of 
the isolated organisms showed sensitivity to 
cloxacillin (16/27), amikacin (15/27), ciprofloxacin 
(14/27), cefotaxime (11/27), cotrimoxazole (6/27), 
amoxyclox (6/27), cefixime (5/27) and amoxicillin 
(4/27). Lumbar puncture was traumatic in one 
neonate (0.8%) in first attempt. Apart from this no 
other complication of performing lumbar puncture 
was noted.  

DISCUSSION 
In this study, a male predominance was observed. 
Some other studies have reported the incidence of 
male with neonatal sepsis to be as high as two folds 
as compared to females. Ibraheem MF et al.15 
reported male to female ratio of 2.2:1. Similar 
study conducted among the neonates with sepsis by 
Shrestha NJ et al.16 had found male to female ratio 
of 1.7:1. All these studies support the result of our 
study and suggest the possibility of sex linked 
factor in host susceptibility and genetic 
susceptibility of male patients to infection. In our 
part of world, it might also be due to patriarchal 
system of our society which gives more emphasis 
to the male child. 

In this study, 29.6% (37/125) cases had birth 
weight less than 2500 gm and 70.4% (88/125) 
babies had birth weight equal to or more than 2.5 
kg. In a study done in Paropakar Maternity hospital 
in 2011 there were 42.5% LBW babies and 57.5% 

of appropriate weight babies.17 The lower incidence 
of LBW babies in our study might be due to 
inclusion of only 5.6% (7 cases) preterm babies. 
Furthermore the Nepal Multiple Indicator Cluster 

Survey (MICS) 2014 shows that Percentage of 
most recent live births in the last two years 
weighing below 2,500 grams at birth is 24.2%, 
which is also reflected in our study as having less 
percentage of low birth weight cases. 

The symptoms with which the parents or caretakers 
presented in this study is almost comparable with 
the findings in study by Ibraheem FM et al.15 and 
Ogunlesi TA et al.18 All these studies showed 
refusal to feed, fever, lethargy and respiratory 
distress to be the prominent features of presentation 
among the newborns with sepsis, which is 
comparable to our study. Similarly other symptoms 
like pustules and diarrhoea were below ten percent 
in all above mentioned studies which are in 
alignment with the findings of our study.  

In this study, 13 neonates (10.4%) had received 
some medical treatment while 112 (89.6%) 
neonates didn’t receive any medical treatment 
before reaching our institution. In a study done by 
Jumah DS et al.19 26.66% had history of 
pretreatment before reaching the hospital while 
73.33% had no any treatment before reaching the 
hospital. As 10.4% of cases in this study had 
already received antibiotics several days before 
they were referred, their blood and CSF culture 
were more likely to be sterile. In this study, the 
CRP was positive in 31.2% of cases (39/125). In a 
study by Ahmed A. Khattab et al.13 CRP was 
positive in 90% cases. Among 20 cases with 
abnormal CSF findings CRP was positive in 11 
cases (55%) and negative in nine cases (45%).  
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Figure 3.  Distribution of study population by 
frequency of culture positivity in blood/CSF and 

abnormal CSF findings 

Figure 2. Distribution of study population by 
frequency of abnormality in respective laboratory 

parameter 
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In this study blood culture was positive in 27 out of 
125 cases, which accounts for 21.6% of total cases. 
In a similar study conducted in Nepal by Shrestha 
NJ et al.,16 organisms were isolated in 6.1% of the 
collected blood samples. In a study done by 
Chapagain  et al.,20 14% of the suspected cases had 
positive blood culture. This study was conducted in 
a tertiary care hospital where most of the cases 
were referred from other hospitals and health 
facilities. Many of these babies (10.4%) had 
already received antibiotics prior to referral 
rendering their blood culture sterile. 

In this study 16% (20 out of 125) neonates with late 
onset neonatal sepsis were found to have abnormal 
CSF findings (greater than 30 leucocytes/mm3 in 
CSF). In a study done by Ahmed A. Khattab et      
al.13, it was found that 23.3% cases with late onset 
neonatal sepsis had abnormal CSF findings with 
cells ranging between 80 and 26000 cells/mm3. In 
th i s s tudy organism was i so la ted f rom 
cerebrospinal fluid only in one case (0.8%) and the 
isolated organism was Streptococcus pyogenes. The 
organism was sensitive to cotrimoxazole and 
erythromycin. In a study by Visser and Hall et al.7 
2.5% (5/193) CSF samples were positive. 
Schwersenski et al.8 conducted a study wherein 826  
neonates underwent LPs, out of which 114 had LPs 
performed at greater than one week of age (late 
onset)  and there were eight positive CSF cultures, 
but four were considered contaminants. In a similar 
study by Hristeva et al.9 , 736 babies underwent  
LPs, of which 225 LPs were performed late (at > 48 
h of age), CSF cultures were positive in 1.3% 
(4/310) of cases. In study by Ahmed AK et al.13 
20% (12 out of 60 neonates) presenting with late-
onset neonatal septicaemia had positive CSF 
culture and most common organism in the CSF 
culture was Staphylococcus aureus.  

In this study 16.8% (21 out of 125) neonates with 
late onset neonatal sepsis were found to have 
meningitis. Similar study done by Kaul et al12 

reported that meningitis was found in 22.5 % 
(23/102)  neonates with LONS. In a study 
conducted by Visser and Hall et al.7 found that 
2.5% (5/193) CSF samples were positive. 
Schwersenski et al.8 and Hristeva et al.9 reported 
the prevalence of meningitis in late onset neonatal 
sepsis as 3.5% and 6.8% respectively, but the 
former excluded neonates more than 72 hour and 

less than seven days from their study and the latter 
delayed the LP procedure in all the babies who had 
respiratory distress. These variations in the 
prevalence could be explained also on the basis of 
the fact that meningitis was diagnosed in all these 
studies on the basis of CSF culture positivity alone. 

In this study lumbar puncture was traumatic in one 
neonate (0.8%) in first attempt. Apart from this no 
other complication of performing lumbar puncture 
was noted. This is in alignment with findings in 
other studies, wherein lumbar puncture has been 
found to be a safe procedure in neonates. In study 
by Visser VE et al.7, Schwersenski et al.8 and 
Kumar et al.10 too no adverse effects of performing 
LP were found. Similarly, in the study by Stoll and 
colleagues3 there was no difference in the risk of 
death between infants who underwent LP and who 
did not. In study by Hristeva et al.9 in which 736 
babies underwent an LP, one case of probable post-
traumatic meningitis was reported.  

Blood culture was sterile in 81% cases (17/21) and 
organism was isolated in 19% cases (4/21) with 
meningitis. In 88.8% (24/27) cases with positive 
blood culture, no meningitis was detected. Also, in 
the only case in which organism was isolated in 
CSF culture, blood culture was sterile. In study 
conducted by Visser VE et al.7, 24% (5/21) of 
septic babies with positive blood culture had 
meningitis and 15% baby with meningitis had 
concurrently negative blood cultures. They found 
39 cases of meningitis based upon positive CSF 
cultures but in only 33 babies (85%) was the 
organism also isolated from the blood. Thus in 15% 
of cases of meningitis the infecting organism would 
not have been identified by blood culture alone. In 
a study done by Kumar et al.10  it was found that all 
babies with meningitis had negative blood cultures.  
In a study carried out by Stoll et al.3 7.2% of those 
with positive blood cultures had meningitis. 30% 
(45/134) with meningitis had negative blood 
cultures. In a study done by Ahmed A. Khattab et 
al.13 it was found that among the 12 cases with 
positive CSF cultures, there were six cases (50%) 
with negative blood cultures. In this study 20 cases 
with sterile cerebrospinal fluid had high CSF white 
blood cell counts and in one case in which 
organism was isolated from cerebrospinal was 
found that 2/60 (3.3%) cases with CSF negative 
cultures had high CSF white blood cell counts. 
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In this study only one out of 21 cases with 
meningitis (4.76%) had abnormal cranial USG 
findings, in which bilateral third ventricles were 
dilated. In neonatal meningitis various sonographic 
findings range from echogenic and widened sulci, 
ventriculomegaly, ventriculitis, hydrocephalus, 
extra-axial fluid collections, cerebritis and brain 
abscess.21 In a study done by Chowdary et al.22, a 
spectrum of sonographic abnormalities was 
observed which included echogenic sulci, focal or 
diffuse increase in parenchymal echoes, 
ventriculitis, ventriculomegaly with or without 
aqueductal block, subdural collection, parenchymal 
infarcts, abscess and subdural empyema. There 
were 5% (2/40) babies with meningitis with normal 
sonogram while encephalomalacia was seen in 
another 5% (2/40) patients. An excellent correlation 
was observed be tween c l in ica l p rof i le , 
cerebrospinal fluid biochemistry and sonographic 
findings.22      

CONCLUSIONS 
There is a high incidence of neonatal meningitis 
among neonates with late-onset sepsis. Clinical 
features and laboratory abnormalities can’t detect 
with sufficient sensitivity and specificity the babies 
having meningitis and neonatal meningitis 
frequently occurs in the absence of bacteraemia. If 
lumbar puncture is done only in cases in which 
CRP is positive or in which organism is isolated in 
blood culture or in which there is abnormal cranial 
USG findings, many cases with meningitis would 
be missed. Doing lumbar puncture in these babies 
is safe and their treatment with intravenous 
antibiotics is effective. Thus, lumbar puncture and 
CSF examination is mandatory in all cases with 
late-onset sepsis. 
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