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ABSTRACT

Introduction

Neonatal sepsis is estimated to be a major contributor to neonatal mortality and morbidity with a 
higher burden in LMICs. Studies have shown that neonatal sepsis is associated with the neonatal 
and maternal characteristics and obstetric care received. Hence, this study aims to determine the 
risk factors of neonatal sepsis among neonates admitted to a Neonatal Intensive Care Unit (NICU) 
of a tertiary level hospital in Nepal.  

Methods

A hospital-based unmatched case-control study was conducted from 1st April 2020 to March 31st 
2021 in the NICU, Department of Pediatrics at College of Medical Sciences & Teaching Hospital, 
Chitwan Nepal. A structured questionnaire was used for data collection of neonatal and maternal 
characteristics. Neonatal characteristics included neonates’ age, sex and birthweight. Maternal 
characteristics included maternal age. Data were analyzed using STATA-13. Univariate and 
multivariate logistic regression were applied to test the association between independent variables 
and neonatal sepsis. Statistical tests were considered significant at a p-value < 0.05 (95% CI). 

Results

A total of 210 suspected neonatal sepsis cases were compared with 70 controls. We obtained 
statistical significance (p<0.05) among age, Apgar score at 5 minutes of birth, ANC visits, 
resuscitation at birth and gestation age with the neonatal sepsis among neonates. 

Conclusions 

The results suggest the need for careful handling of neonates with routine screening for sepsis. 
Further, interventions encouraging to receive obstetric care should be instilled.
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INTRODUCTION

In 2019, globally, 2.4 million children died in 
the first month of life – approximately 6,700 
neonatal deaths every day.1 In 2020, neonatal 
mortality was highest in the South Asian 
region at 23 deaths per live birth after sub-
Saharan Africa with the neonatal mortality 
rate.2 In 2020, a child born in South Asia was 
nine times more likely to die in the first month 
than a child born in a high-income country.3 In 
2020 Nepal had a neonatal mortality rate of 16 
per 1000 live births.4 

Neonatal sepsis commonly referred to as a 
bloodstream infection mostly having bacterial 
origin  occurs among newborn infants less than 
28 days old.5-7 Neonatal sepsis is identified 
as a risk factor for early life neurological 
development leading to neurodevelopment 
impairment and growth outcomes both early 
and later in life.8-11 

In 2017, 25.7% of neonatal disorders remained 
the second most common cause of sepsis 
among children younger than five.12 Neonatal 
sepsis is estimated to be a major contributor 
to neonatal mortality and morbidity with a 
higher burden in LMICs.13 A meta-analysis 
reported a pooled prevalence of 29.76% in East 
Africa.14 A study estimated to avert 5.29-8.73 
million Disability-adjusted life-years (DALYs) 
annually in sub-Saharan Africa if all the 
neonatal sepsis cases were either successfully 
prevented or treated. In addition, this region 
also predicted an annual economic burden 
ranging from $10 to $469 billion.15 Neonatal 
sepsis incidence in South Asia is 4 to 10 times 
higher than that in developed countries.16

In Nepal, neonatal sepsis had the highest 
proportion as a leading cause of death among 
neonates.17 A nationwide hospital-based 
study from Nepal showed the incidence rate 
of neonatal sepsis as 7.3 per 1000 live birth 

per year.18 Studies have reported a range of 
sepsis occurrences among neonates from 15% 
to 32%.19–22 The cost for neonates admitted to 
NICU and with sepsis was $226.30 (172.19-
291.34) as compared to those without sepsis at 
$174.02 (99.67-221.96). 23

Neonatal sepsis is associated with low 
socioeconomic status and resource setting, 
neonatal age, sex of the neonates, gestation 
age, low birth weight, birth asphyxia, APGAR 
score in the first and five minutes, resuscitation 
at birth, antenatal care received, prolonged 
rupture of membrane (PROM), delivery 
settings and delivery mode. 24–31 In Nepal, 
studies showed an association of neonatal 
sepsis with neonates born to mothers with 
no antenatal checkup visits, preterm birth, 
delivered through cesarean section, PROM, 
APGAR score in the first and five minutes, 
and birth asphyxia. 18,32–34 Nepal aims to reduce 
the neonatal mortality rate to 11 per 1000 live 
births by 2035 and includes the management 
of sepsis as a major intervention to reach 
this target [35]. Evidence has suggested 
focusing on reducing the health disparities 
and quality service provisions providing 
light on associated risk factors for neonatal 
sepsis.36 Studies have identified risk factors for 
neonatal sepsis among tertiary-level hospitals 
in Nepal that highlight neonatal sepsis as a 
public health problem.18 However, none of the 
studies has reported associated risk factors for 
neonatal sepsis from the study site offering 
a similar level of care. Hence, this study was 
conducted to determine the risk factors of 
neonatal sepsis among neonates admitted to 
a Neonatal Intensive Care Unit (NICU) of a 
tertiary level hospital in Nepal.

METHODS

Setting and study design

A hospital-based unmatched Case-Control 
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study was conducted from1st April 2020 to 
31st March 2021 in the NICU, Department of 
Pediatrics at College of Medical Sciences & 
Teaching, Chitwan, Nepal. This study was 
conducted among 210 case neonatal with sepsis 
and 70 control without neonatal sepsis. Ethical 
approval was obtained from Institutional 
Review Committee of College of Medical 
sciences, Bharatpur (Ref No. COMSTH-
IRC/2020-041.1). Inform and written consent 
was obtained from respective parents before 
starting data collection. All the inborn and 
outborn cases from birth to 28 days of age were 
included in our study whereas we excluded 
those babies who have undergone recent 
surgical interventions and have congenital 
anomalies rendering them easily susceptible 
to infections such as; Cystic fibrosis, Down’s 
syndrome, tracheo-esophageal atresia & 
others. Sepsis was diagnosed as : Newborns 
having fever, hypothermia, letharginess, 
refusal of feeding, having seizure considered as 
neonatal sepsis clinically & were  undergoing 
septic screening along with chest X-ray, 
complete blood count, CRP, blood culture 
and sensitivity profile. Selected newborns 
suspected of having meningitis underwent 
lumbar puncture and some had urine culture 
and sensitivity profiles. Physical examination 
with investigations were done and obtained 
findings were recorded in a predesigned 
proforma. A detailed record of neonatal and 
maternal characteristics was obtained using 
a semi-structured questionnaire. Neonatal 
characteristics included neonates’ age, sex, 
birth weight and Apgar score. Maternal 
characteristics included maternal age. 
Obstetric characteristics included Antenatal 
Checkup (ANC) visits, mode of delivery, 
resuscitation at birth, gestational age in week 
and prolonged ruptured of membrane (>18 
hours). Data were analyzed using STATA-13. 
Categorical variables were reported as 

proportions and percentages and numerical as 
mean and standard deviation. Univariate and 
multivariate logistic regression were applied 
to test the association between independent 
variables and neonatal sepsis. Statistical tests 
were considered significant at a p-value < 0.05 
(95% CI). 

RESULTS

Neonatal characteristics

A total of 210 newborns were admitted in the 
NICU department at CMSTH for suspected 
neonatal sepsis, of which 44 cases were 
outborn. A total of 210 suspected neonatal 
sepsis cases were compared with 70 controls. 
The mean age of cases with neonatal sepsis was 
6.5±8.2 days and 11.1± 17.1 days for controls 
without neonatal sepsis. The majority were 
male (58.6%) for cases and female (67.1%) for 
controls. The mean birth weight (in grams) of 
cases was 2752.5±513.6 and 2858.8± 636.2 for 
controls (Table 1).

Maternal and obstetric characteristics

Mean age of mothers of cases was 23.4±3.1 
years and 23.9±4.1 years for controls. Nearly 
two-thirds (64.8%) and almost all (98.6%) of 
the mothers of cases and controls respectively 
went for ANC visits during their pregnancy. 
For Apgar score at 5 minutes, mainly cases had 
7 and above score, while, most controls had 
score less than 7. The majority of cases (76.8%) 
and controls (62.9%) were born through 
vaginal delivery mode. A total of 18.6% of 
cases and 22.9% of controls were resuscitated 
after birth. Majority of the cases (91.4%) 
and controls (81.4%) were mostly born at 37 
weeks and above. Around one in five cases 
(21.3%) and one third of controls (35.7%) had 
prolonged rupture of membrane (>18 hours). 
(Table 1)
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Factors associated with neonatal sepsis

There was a significant association between the 
age of neonates and neonatal sepsis (p<0.001). 
When we compared two groups of neonates 

differing by 1 day of age, the odds of having 
neonatal sepsis is 6% lower among neonates in 
the older group (95%CI: 0.91-0.98). The odds 
of having neonatal sepsis is 96% lower among 

 Table 1. Characteristics of study participants.

Characteristics Case n(%) Control n(%)

Neonatal characteristics

Age of neonates (days) 6.5±8.2 11.1± 17.1

Sex

Female 87(41.4) 47(67.1)

Male 123(58.6) 23(32.9)

Birthweight (grams)

< 2500 54(25.7) 17(24.3)

≥ 2500 156(74.3) 53(75.1)

Mean± SD 2752.5±513.6 2858.8± 636.2

Maternal characteristics

Age of mother (years) 23.4±3.1 23.9±4.1

Obstetric characteristics

ANC visits

No 74(35.2) 1(1.4)

Yes 136(64.8) 69(98.6)

Apgar score at 5 minutes

<7 36(17.1) 49(70)

7 and above 174(82.7) 21(30)

Mode of delivery

Cesarean section 35(16.7) 26(37.1)

Vaginal delivery 161(76.8) 44(62.9)

Vacuum extraction 14(6.7) 0

Resuscitation at birth

No 171(81.4) 54(77.1)

Yes 39(18.6) 16(22.9)

Gestation age

<37 weeks 18(8.6) 13(18.6)

37 weeks and above 192(91.4) 57(81.4)

Prolonged rupture of membrane(>18 hours)

No 159(75.7) 45(64.3)

Yes 51(21.3) 25(35.7)

Kalakheti et al. Risk Factors for Neonatal Sepsis: A Case-Control Study in a Tertiary Level Hospital of Nepal.
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neonates whose mothers had at least one 
ANC visit (p=0.002; 95%CI: 0.004-0.22). There 
was a significant association between Apgar 
score at 5 minutes and neonatal sepsis. When 
there is an increase in 1 unit Apgar score at 5 
minutes, the odds of having neonatal sepsis is 
97% lower among neonates with a high Apgar 
score (p<0.001; 95%CI: (0.01-0.08).  The odds 

of having neonatal sepsis is 3.43 times higher 
among neonates who were resuscitated at birth 
than those who were not (p=0.028; 95%CI:1.14-
10.33). The likelihood of having neonatal sepsis 
increased by 5.74 times among those who were 
born at 37 weeks and above as compared to those 
less than 37 weeks of gestation age (p=0.008; 
95%CI: 1.57-21.03). (Table 2)

Table 2. Factors associated with neonatal sepsis.

Characteristics
Univariate Multivariate

OR (95% CI) p-value aOR (95% CI) p-value

Neonatal Characteristics

Age of neonates (days) 0.96 (0.94-0.99) 0.006 0.94 (0.91-0.98) 0.004

Sex

Female ref    

Male 0.69 (0.39-1.2) 0.2 0.57 (0.25-1.3) 0.187

Birthweight (grams)  0.99 (0.99-1.0) 0.16 1 (0.99-1.0) 0.12

Maternal characteristics

Age of mother (years) 0.95 (0.88-1.03) 0.28 0.91 (0.8-1.01) 0.077

Obstetric characteristics

ANC visits

No ref    

Yes 0.02 (0.003-0.19) <0.001 0.04 (0.004-0.22) 0.002

Apgar score at 5 minutes 0.08 (0.01-0.16) <0.001 0.03 (0.01-0.08) <0.001

Mode of delivery

Cesarean section ref    

Vaginal delivery 2.71 (1.48-4.98) 0.001 1.61 (0.68-4.99) 0.264

Vacuum extraction 1 - 1 -

Resuscitation at birth

No ref

Yes 0.76 (0.39-1.48) 0.435 3.43 (1.14-10.33) 0.028

Gestation age

<37 weeks ref

37 weeks and above 2.43 (1.12-5.26) 0.024 5.74 (1.57-21.03) 0.008

Prolonged rupture of membrane (>18 hours)

No ref

Yes 0.57 (0.32-1.03) 0.064 0.73 (0.31-1.72) 0.477

Kalakheti et al. Risk Factors for Neonatal Sepsis: A Case-Control Study in a Tertiary Level Hospital of Nepal.
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DISCUSSION

This research among 210 and 70 control showed 
that the mean age of cases with neonatal sepsis 
was 6.5±8.2 days and 11.1± 17.1 days for controls 
without neonatal sepsis. The majority were male 
(58.6%) for cases while female (67.1%) for controls. 
The mean birth weight (in grams) of cases was 
2752.5±513.6 and 2858.8± 636.2 for controls. Mean 
age of mothers of cases was 23.4±3.1 years and 
23.9±4.1 years for controls. Nearly two-thirds 
(64.8%) and almost all (98.6%) of the mothers of 
cases and controls respectively went for ANC 
visits during their pregnancy. Finding showed 
that neonatal characteristics such as age and 
Apgar score at 5 minutes significantly associated 
with the sepsis status of the neonates. Similarly, 
among maternal and obstetric characteristics the 
study showed a significant association between 
the ANC visits, resuscitation status at birth and 
gestation age and neonatal sepsis. The likelihood 
of developing neonatal sepsis decreased among 
older neonates. A retrospective case-control 
study obtained similar relationship among age 
and sepsis occurrence.28 Early neonatal sepsis is 
linked with immune response of neonates.37 Our 
study showed odds of having neonatal sepsis 
decreased with the increasing Apgar score 
at 5 minutes. This finding is in line with the 
studies determining lower Apgar score at birth 
as a risk factor for neonatal sepsis.30,32 Another 
case-control study reported an association 
among neonates with low Apgar scores at birth. 
34,38Neonates with low Apgar scores are more 
prone to infection as they are more likely to 
be administered emergency support making 
them susceptible to microorganisms. Studies 
conducted in similar low-resource settings 
reported the male sex of neonates as one of the 
risk factors for developing sepsis.26 Nevertheless, 
there was no significant association between 
the sex of the neonate and sepsis. Studies have 
shown birth weight is associated with neonatal 

sepsis.28 However, we did not obtain an impact 
of birthweight on the occurrence of neonatal 
sepsis. The odds of having neonatal sepsis 
among neonates were lower whose mothers had 
at least one ANC visit than for those who did 
not have any ANC visits. A study carried out in 
Nepal also reported that neonates were at higher 
risk of developing sepsis if their mothers did not 
receive any ANC during pregnancy.18 Neonates 
provided with resuscitation at birth were three 
times more likely to have neonatal sepsis as 
compared to those with no resuscitation. While 
most studies showed that neonates born <37 
weeks gestation age are more likely to develop 
neonatal sepsis, however, in this study, neonates 
born at 37 weeks and above were five times at 
higher risk.26 

Studies show a strong relationship between the 
mother’s ages with the occurrence of neonatal 
outcomes such as neonatal sepsis.39 In contrast, 
our study did not obtain a significant association 
between maternal age and neonatal sepsis. No 
significant association was found between mode 
of delivery and neonatal sepsis which is in line 
with the study conducted in Ethiopia.30 Studies 
show that odds of neonatal sepsis increased 
with the prolonged rupture of membrane for 
more than 18 hours.30,40 However, we did not 
obtain any significant association for prolonged 
rupture of membrane.  Our study is one of the 
first few studies exploring the risk factors using 
a case-control study design. However, this study 
has a few limitations. First, the study was single-
centered and enrolled only admitted cases of 
neonatal sepsis in the study. This might have 
limited the generalizability of the findings to the 
general population. The number of cases in the 
study was thrice the number of controls which 
might have reduced the statistical power of the 
study. However, this may not have necessarily 
caused selection bias as the controls were those 
who were admitted to the hospital and did not 
have neonatal sepsis. 

Kalakheti et al. Risk Factors for Neonatal Sepsis: A Case-Control Study in a Tertiary Level Hospital of Nepal.
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CONCLUSIONS

This study concluded that age and sex of 
neonates, Apgar scores at 5 minutes of birth, 
ANC visits, resuscitation at birth, and gestation 
age were significantly associated with neonatal 
sepsis. Findings suggest the need for careful 
handling of neonates with routine screening 

for sepsis. Further, interventions encouraging 
to receive obstetric care should be instilled. 
This study will stimulate future researcher to 
conduct matched case control study, which 
will be benefitting the policy makers in crafting 
preventive strategies. 
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