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ABSTRACT

Introduction: Neonatal sepsis causes high morbidity and mortality of newborns. The study aims to
study the predictors and clinical, haematological and bacteriological factors of neonatal sepsis.

Methods: A descriptive cross sectional study was conducted in a Neonatal Intensive Care Unit of
Paropakar Maternity and Women’s Hospital in Kathmandu between October and December 2011.
Demographic, obstetrics, clinical and microbiological data were studied for 300 neonates.

Results: The NICU prevalence rate of sepsis was 37.12%. Early onset neonatal sepsis was common
(91.39%) (P=0.001). Cesarean section (OR 1.95, 95% CI 1.15-3.31), apgar score <4 at 1 min (P=0.001)
and <7 at 5 min of birth (P=0.001) predicted sepsis. Neonates with sepsis were more likely to
present with hypothermia (OR 1.180, 95% CI 0.080-17.214), pustules (OR 2.188, 95% CI 0.110-43.465),
dehydration (OR 3.040, 95% CI 0.170-54.361), diminished movement (OR 3.082, 95% CI 0.433-21.950)
and bulging fontanels (OR 16.464, 95% CI 0.007-41495.430). Coagulase negative Staphylococcus spp.
(CoNS) (21, 41.17%) was most common pathogen of neonatal sepsis. Variable antibiotic resistance
patterns of isolates with emergence of meropenem resistance in Pseudomonas spp. and methicillin
resistance in CoNS and S. aurues were noted. Mortality due to sepsis was highest (15, 8.06%) among
total mortalities (21, 11.29%).

Conclusions: Delivery via cesarian section, apgar score <4 at 1 min, and <7 at 5 min predicted sepsis.
Morbidity and mortality of neonatal sepsis was common in this setting and early maternal and
neonatal interventions are required to address this issue.
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INTRODUCTION

Sepsis is the commonest cause of neonatal mortality,
which may either have non-specific features or focal
signs of infection.'® Various fetal and maternal risk
factors have been associated with an increased risk of
early onset sepsis.*

The most common pathogens causing neonatal
sepsis include Escherichia coli, Klebsiella pnemoniae,
Citrobacter spp., Proteus spp., Staphylococcus aureus
and coagulase negative Staphylococcus spp. (CoNS).56
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Likewise, K. pneumoniae, S. aureus, Pseudomonas spp,
and E. coli are the primary pathogens in Asia, India,
Africa, Middle East and West Indies are primarily due
to. Group B Streptococcus is infrequent.®

Ministry of Health and Population, Government of
Nepal has started “AAMA” program (free maternity
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service) to motivate institutional delivery, which has
provided skilled maternal care at birth. However, the
neonatal mortality rate is still high. One of the most
important causes of mortality is neonatal sepsis.”
This study evaluated newborns for neonatal sepsis in
Paropakar Maternity and Women’s Hospital (PMWH) in
Kathmandu, Nepal.

METHODS

This was a descriptive cross sectional study conducted
between October and December 2011 in Neonatal
Intensive Care Unit (NICU) of PMWH, Kathmandu,
Nepal. This is a 500 bedded tertiary care hospital
offering gynecological and obstetrics services. All
neonates born in PMWH and admitted in NICU who
were being evaluated for neonatal sepsis were enrolled.
Case definition for confirmed sepsis, probable sepsis,
clinical sepsis, early onset neonatal sepsis (EoNS), late
onset neonatal sepsis (LoNS), symptoms and signs for
neonatal sepsis were used as described previously."
Neonates admitted in the NICU in whom the signs and
symptoms of sepsis were absent, blood culture was
negative, hematological score was <3 and antibiotics
were not used were used as controls. Death due to
sepsis was defined as the death of neonates meeting the
criteria of neonatal sepsis, clinical sepsis and probable
sepsis. Controls were neonates in whom sepsis was
not documented clinically and in whom lab evidences
of sepsis was not present.

Neonatal whole blood was collected from a peripheral
vein with all aseptic precautions. Six hundred micro-
liter of blood was inoculated in the pediatric culture
bottle containing 6 ml of Brain Heart Infusion broth
(HiMedia Pvt. Ltd.). The cultures were incubated,
subcultured and the pathogens were identified based
on the established procedures.'” AST was performed
using Kirby-Bauer disk diffusion test following the
manufacture’s guidelines (HiMedia Pvt. Ltd., India).
Following antibiotic discs (ug/disc) were used. Amilkacin
(30), Cloxacillin (30), Cefoxitin (30), Ceftriaxone (30),
Meropenem (10) and Vancomycin (30) were used for
Gram-positive organisms. Amikacin (30), Gentamicin
(30), Ciprofloxacin (5), Ceftraixone (30), Ceftazidime
(30) and Meropenem (10) were used for Gram-positive
and Gram-negative bacilli. ATCC strains E. coli 25922
and S. aureus strain ATCC 25923 were used as a
quality control strains in antibiotic susceptibility tests.

Complete blood counts, haemoglobin, microESR,
C-reactive protien were determined in all neonates
at the time of evaluation for sepsis on venipunctured
blood sample. Neutrophil indices were calculated as
previously described by Manroe et al.'? All hematological
parameters were an average reading taken by the
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two independent laboratory personnel (laboratory
technologist and a consultant pathologist) working
at the routine hematology laboratory. Neonates were
categorized as neonatal sepsis based on the published
hematological scoring system with slight modification.®
A score of 1 for each of eight findings: abnormal total
leukocyte count (>12000/cmm or <4000/cmm) and
abnormal total neutrophil (ANC) count based on age
related values (<7500 and >14500 cmm), elevated
immature neutrophil (IM) count (>7%), elevated
immature to total neutrophil ratio (IM/TN) (=0.20),
elevated immature to mature neutrophil ratio (IM:MN)
(=0.30), platelet count (<150,000/cmm), and positive
C-reactive protein (CRP) (=12mg/l). Hematological
score =3 was considered positive for neonatal sepsis.

Data collection and statistics

Clinical, demographic, obstetric and laboratory data
were collected and entered into statistical package
for social science version 16 (SPSS V16). Logistic
regression analysis was performed to find out the
predictors of neonatal sepsis. Odds ratio (OR) and 95%
Confidence interval (Cl) was obtained. The difference in
means between groups was compared by Student’s t
test. The P value of <0.05 was considered statistically
significant. The consent was taken from the mothers.
The study was approved by the institutional review
board of PMWH.

RESULTS

Total of 4394 deliveries took place at PMWH Hospital
during the study period. Of these newborns 501
(11.4%) neonates were admitted to NICU. Out of them,
300 (59.88%) neonates were evaluated for sepsis. The
prevalence of neonatal sepsis in NICU was 37.12%
(186/501). Among sepsis, the prevalence rate of EONS
(170, 91.39%) was higher than LoNS (16, 8.60%)
(P=0.000). Among the studied neonates, the most
common morbidity was neonatal sepsis (186, 62.00%)
followed by the neonates born to CRP positive mothers
(64, 21.33%) (Figure 1).
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Figure 1. Neonatal morbidities at admission.
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There was no significant difference in age between two
groups of mothers (P=0.32) (Table 1). Delivery via
cesarean section (OR 1.95, 95% CI 1.15-3.31), apgar
score less than 4 at 1 min of birth (P=0.00) and apgar
score less than 7 at 5 min of birth (P=0.00) predicted
sepsis. Mothers and neonatal variables like, gestational
age <37 weeks (OR 1.57, 95% CI 0.93-2.67),

maternal fever one or two weeks before delivery (OR
1.02, 95% CIl 0.48-2.34), multiparity (OR 1.33, 95%
Cl 0.82-2.16), PROM more than 24 hours (OR 1.55,
95% CI 0.29-8.11) and female baby (OR 1.03, 95% CI
0.64- 1.69) were more likely to develop neonatal sepsis
although none of these were statistically significant.

5 . -
No sepsis (N=114) OR (95% CI)* difference in

Table 1. Neonatal and maternal characteristics in relation to neonatal sepsis.
.. Sepsis

Characteristics (N=186)
Maternal age, (mean £ SD) 24.82+5.16
Parity

Primi, n (%) 110 (59.13)

Multi, n (%) 76 (40.86)
Maternal fever, n (%) 16 (8.60)
PV examination (>5), n (%) 114 (61.29)
PROM (> 24 hrs), n (%) 5 (2.68)
Foul smelling liquor, n (%) 14 (7.53)
Mode of delivery

Vaginal, n (%) 118 (63.44)

Cesarean section, n (%) 68 (36.55)
Sex of baby

Male, n (%) 108 (58.06)

Female, n (%) 78 (41.93)
Apgar score at 1 min, mean £ SD 4.67+1.91
Apgar score at 5 min, mean +SD 6.41+£1.95
Gestational age (<37 weeks), n (%) 61 (32.79)
Body weight (<2500gms), n (%) 79 (42.47)
IUGR, n (%) 4 (2.15)

meant, P value

24.23+4.81 0.59, P= 0.32
75 (65.78) 1.00%

39 (34.21) 1.33 (0.82-2.16)
10 (8.77) 1.02 (0.48-2.34)
64 (44.44) 1.24 (0.77-1.98)
2 (1.75) 1.65 (0.29-8.11)
10 (8.77) 0.85 (0.38-1.97)
88 (77.19) 1.00%

26 (22.80) 1.95 (1.15-3.31)
67 (58.77) 1.00%

47 (41.22) 1.03 (0.64-1.69)

5.564+1.52 0.87, P= 0.000

7.25+1.43 0.84, P= 0.000

21 (18.42) 1.567 (0.93-2.67)

107 (93.85) 0.85 (0.53-1.37)
2 (1.75) 0.83 (0.15-4.51)

*Binary logistic regression analysis; absence of maternal fever, foul smelling liquor and IUGR, PROM < 24 hours,
gestational age > 37 weeks, body weight > 2500 grams were used as reference category in binary logistic regression.

tDifference between means, Student’s t test.

tReference category in binary logistic regression analysis.

The commonest clinical presentation of neonatal sep-
sis was tachypnea (39.25%), grunting (38.71%),
poor feeding (24.73%), poor cry (23.66%), cyanosis
(22.04%) and vomiting (18.81%) (Table 2).

Grunting (41.18%), tachypnoea (40.59%), poor feed-
ing (25.88%), poor cry (24.71%) and cyanosis
(23.55%) were common presentations of early neonatal
sepsis while fever = 37.5 (62.50), irritability (37.50%)
and clinical severe jaundice (37.50%) were common
clinical presentation for LoNS (data not shown). Neo-
nates presenting with hypothermia (OR 1.180, 95%
Cl 0.080-17.214), pustules (>10) (OR 2.188, 95%
Cl 0.110-43.465), dehydration (OR 3.040, 95% ClI
0.170-54.361), diminished movement (OR 3.082, 95%
Cl 0.433-21.950) and bulging fontanels (OR 16.464,
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95% Cl 0.007-41495.430) were more likely to develop
neonatal sepsis but were not statistically significant
(P>0.05).

Fifty one cultures were positive for micro-organisms
(17.00%). The ratio of Gram positive to negative
was 37:14. Among Gram positives, CoNS was most
commonly encountered (21, (41.17%) (Table 3). Nine
isolates of CoNS were methicillin resistant (42.85%).
Staphylococcus aureus (15, 29.41 %) was also common
of which Methicillin resistant S. aureus (MRSA)
were 26.66% (n=4). Gram negative bacteria like,
Pseudomonas spp. (5, 9.80%), Acinetobacter spp. (5,
9.80%), and K. pneumoniae (4, 7.84%) were isolated.
Majority of the bacterial isolates (46, 90.20%) were
isolated from EoNS (data not shown). All Gram negative

oCcT-DEC, 2013



Thapa et al. Neonatal Sepsis as a Major Cause of Morbidity in a Tertiary Center in Kathmandu

Table 2. Clinical presentations predicting neonatal sepsis.
Variables* Sepsis (n=186) I(“l\(l) . ?ﬁf OR (95% CI)t
n(%) n(%)
Systemic
Fever 27 (14.51) 2 (1.75) 0.223 (0.042-1.184)
Hypothermia 8 (4.30) 1(0.88) 1.180 (0.080-17.214)
Jaundice 39 (20.97) 9 (7.89) 0.761 (0.287-2.023)
Cyanosis 41 (22.04) 5 (4.39) 0.403 (0.134-1.217)
Pustules (>10) 1 (0.53) 1(0.88) 2.188 (0.110- 43.465)
Dehydration 4 (2.15) 1(0.88) 3.040 (0.170- 54.361)
Gastrointestinal
Vomiting 35 (18.81) 3 (2.63) 0.218 (0.049-0.971)
Abdominal distension 8 (4.30) 1(0.88) 0.513 (0.044-5.965)
Neurological
Diminished movement 24 (12.90) 4 (3.51) 3.082 (0.433-21.950)
Poor cry 44 (23.66) 6 (5.26) 0.622 (0.190-2.034)
Poor feeding 46 (24.73) 6 (5.26) 0.436 (0.137-1.392)
Irritability 35 (18.82) 1 (0.88) 0.135 (0.014-1.278)
Convulsion 18 (9.68) 1 (0.88) 0.448 (0.044-4.515)
Lethargy 30 (16.13) 3 (2.63) 0.979 (0.150-6.406)
Apnoea 21 (11.29) 2 (1.75) 0.387 (0.046-3.270)
Bulging frontanels 3(1.61) 1(0.88) 16.464 (0.007-414.430)
Respiratory
Tachynopoea 72 (38.71) 12 (10.53) 0.338 (0.145-0.790)
Grunting 72 (38.71) 21 (18.52) 0.902 (0.422-1.933)
Lower chest wall indrawing 41 (22.04) 3 (2.63) 0.410 (0.097-1.733)

*Selected clinical presentations are shown. tBinary logistic regression analysis, absence of clinical presentation
were used as reference.

Table 3. Isolated organisms and their antibiotic susceptibility patterns.

'g, CoNsS aufe.us pneurljl.oniae Acinetobacter  Pseudomonas monoc;t.ogenes Total

:é (n=21) (n=15) Total (n=4) spp. (n=5) spp. (n=5) n=1)

é R S R S R S R S R S R S R S R S
Ak 11 10 4 11 15 21 1 3 1 4 0 5 0 1 2 13
Gen - - - - 1 3 2 3 0 b) 0 1 3 12
Cip - - - 1 3 0 5 1 4 0 1 2 13
Cox 11 10 6 9 17 19 - - - - - - - -

Ci 13 8 5 10 18 18 2 2 1 4 0 5 0 1 3 12
Caz - - - - 2 2 2 8 0 ) 1 0 5 10
Mrp 11 10 5 10 16 20 1 3 0 5 3 2 0 1 4 11

Va 1 20 0 15 1 35 - = - - - = - -

Ak, amikacin; Gen,gentamicin; Cip, ciprofloxacin; Cox, coxacillin; Ci, ceftriaxone; Caz, ceftazidime;Nirp, meropenem;
Va, vancomycin; CoNS, Coagulase negative Staphylococcus spp.; R, Resistant; S, Sensitive. “-“, not tested.
Resistant and sensitive strains are expressed in numbers. 9 and 4 isolates of CoNS and S. aureus were Methicillin
resistant, respectively.
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bacteria (14, 27.45%) were isolated in late neonatal
sepsis (data not shown). Listeria monocytogenes was
uncommon (1, 1.96%).

Gram positives were mostly resistant to 5 antibiotics
tested except vancomycin. CoNS were found resistant
to amikacin (n=11), coxacillin (n=11), ceftriaxone
(n=13) and meropenem (n=11). Similarly, S. aureus
was resistant to Amikaicn (n=4), coxacillin (n=6),
ceftriaxone (n=5) and meropenem (n=5). Few Gram
negative isolates were resistant to amikacin (2,
13.33%), gentamicin (n=3), ciprofloxacin (n=2),
ceftriaxone (n=3), ceftazidime (n=5) and meropenem
(n=4). Isolates of Pseudomoas spp. were more resistant
to meropenem (n=3).

Among the neonates studied, 262 (87.33%) neonates
were cured, 8 (2.66%) were referred, 9 (3.00%) left
against medical advice and 21 died (OR 0.357, 95% CI
0.036-3.560) (Table 4).

Table 4. Neonatal outcomes in relation to neonatal
sepsis.

Sepsis No sepsis
Outcomes (n=186) (n=114) g:? (95%
n (%) n (%)
158 104 .
Cured (84.94)  (91.22) 1.000
1.646
Referred 7 (3.76) 1 (0.88) (0.618-
4.378)
Lef
agatinst 0.357
medical 6 (3.22) 3 (2.63) (0.036-
. 3.560)
advice
1.250
Died 15 (8.06) 6 (5.26) (0.233-
6.696)

OR (95% CI) based on multiple logistic regression
analysis, 1.000* reference category

Out of 186 neonates with sepsis, 158 (84.94%) were
cured, seven (3.76%) were referred and 15 (8.06%)
died. Out of fifteen neonates who died of sepsis, 13
(88.66%) neonates died of EoNS and 2 (13.33%)
neonates died of late onset sepsis (data not shown).
Similarly, one neonate died of aspiration, two of
asphyxia, one of preterm and another one of low
birth weight and congenital anomaly. Seven (3.76%)
neonates who had sepsis were more likely to be referred
(OR 1.646, 95% Cl 0.618-4.378) and 15 (8.06%)
neonates who had sepsis were more likely to die (OR
1.250, 95% CIl 0.233-6.696). Neonatal mortality rate
in NICU was 4.19% and neonatal mortality rate due to
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sepsis was 2.99%.

DISCUSSION

Most of the 4 million neonatal deaths every year are in
low-income and middle-income countries.’ Infections
account for an estimated 1.44 million (36%) deaths,
and about half of deaths in regions with high neonatal
mortality rates.’ Among infections, neonatal sepsis is
one of the leading causes of neonatal morbidity and
mortality in developing countries as well as in Nepal.'6"”
In this study, the prevalence rate of neonatal sepsis
in NICU was 37.12%. The prevalence is higher than
the prevalence in developed countries and consistent
with developing countries.'®?' The lower and higher
prevalence rate of 6.6% and 52%, respectively has
also been reported.??23

The prevalence of EoNS and LoNS was 33.92% and
3.19% respectively. EONS was more common than
LoNS in this study. This was compatible with other
studies done in developing countries but in contrast,
some studies have shown that LoNS was more
common.?2%21 |n our study it was 11.32%, comparable
to other hospital of Nepal.? Birth canal cleansing with
antiseptic solution introduced in Malawi and cefoxitin
prophylactic antibiotic have substantially lowered the
EoNS.%425

Most common morbidities in NICU was neonatal sepsis
(186, 62.00%) followed by neonates born to CRP
positive mothers (64, 21.33%). Out of 86 neonates
whose mothers were CRP positive, only 32 (17.20%)
neonates developed sepsis (data not shown). Hence,
guideline on NICU admission is necessary to decrease
undue admissions in NICU.

Maternal and neonatal factors predict neonatal sepsis.?®
In this study, neonates born to mothers with maternal
fever one or two weeks before delivery, multiparity, and
PROM more than 24 hours were more likely to develop
neonatal sepsis. Maternal fever and PROM were strong
predictors of neonatal sepsis in some studies,?”?® while
they were not significantly predicting sepsis in other.?®
Foul smelling liquor, and PV examination >5 times have
been described as predictors of neonatal sepsis but
they were not predicting sepsis in this study. Similarly,
delivery via cesarean section, apgar score less than 4 at
1 min of birth, apgar score less than 7 at 5 min of birth
and preterm deliveries were found to be predictors of
neonatal sepsis. This is compatible with some reports
where preterm neonates and neonates with low apgar
score at 1 minute and 5 minute were likely to develop
sepsis.?® Low birth neonates are also prone to develop
sepsis but this was not a predictor of sepsis in this
study.3°
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Correct recognition of clinical presentation will help
in the early identification and empirical management
of sepsis. Among the clinical presentations laid by
WHO vyoung infants study group for sepsis, current
study identified tachypnoea, grunting, poor feeding,
poor cry, cyanosis and vomiting as commonest clinical
presentations. These were also common presentations
of early neonatal sepsis while fever =37.5, irritability
and clinical severe jaundice were common for LoNS
(data not shown). In other study, the most frequent
presentations of suspected cases were respiratory
distress, lethargy, jaundice, fever and poor feeding.?
Inability to feed, cyanosis, lethargy and convulsion
were found to be significantly associated with neonatal
sepsis.'® Hypothermia, maternal fever, umbilical redness
and jaundice were also found to be predictors of
sepsis among neonates with late onset sepsis whereas
tachypnoea was significant predictor of sepsis in early
onset sepsis only. However, in this study hypothermia,
pustules (>10), dehydration, diminished movement
and bulging fontanels were common presentations of
sepsis. These presentations can be a basis in resource
limited setting for early identification and treatment of
neonatal sepsis.

Out of 51 aetiologies of neonatal sepsis (17.00%), Gram
positives were commonly isolated than Gram negatives
which goes along with other report.®® In contrast,
Gram negatives are also frequently isolated than Gram
positives.?® CoNS was most common followed by S.
aureus. CoNS was also commonly reported pathogen
of neonatal sepsis elsewhere.®'3? E. coli and K.
pneumoniae are commonly encountered in neonatal
sepsis but in this study none of the neonates were
infected with E. coil while some neonates were infected
with K. penumoniae.??" A. baumannii and Pseudomonas
spp. were also isolated. Majority of Gram positives
were resistant to amikacin, cloxacillin, ceftriaxone
and meropenem and only few isolates of Gram
negatives were resistant to amikacin, ciprofloxacin, and
ceftriaxone. Resistance to these antibiotics has already
been noted in Nepal and abroad.??' Gram positives were
more resistant to meropenem than Gram negatives and
similar trend was seen elsewhere.?'

Neonatal sepsis was major cause of mortality in NICU.
This was less than mortality rate reported from the
study conducted in Patan Hospital (25%), East Africa
(19%) Pakistan (30-38%).%%35 Significant mortality
was due to EoNS (88.66%). This further highlights the
need for early interventions like, antepartum antibiotic
prophylaxis, genital cleansing and clean and trauma
less deliveries. These interventions will obliterate the
transmission of pathogens to newborns at the time of
delivery.
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Neonatal health has been outlined as an important
component of the National Reproductive Health Strategy,
Nepal. The National Safe Motherhood Program, which
aims to reduce maternal and neonatal mortality, had set
the stage for the introduction of a policy for improving
neonatal health and survival in the country. Programs
like Community Based Integrated Management of
Childhood lliness (CB-IMCI), Maternal and Neonatal
Tetanus Elimination, (MNTE) Program, Immunization
and Nutrition programs, AAMA, Essential Newborn
Care and the latest Community based management of
Newborn Care program have been successfully ongoing
in Nepal. In spite of all these programs, government’s
efforts and investments in newborn health program,
newborns still are dying and the neonatal mortality
has stagnated at 33/1000 live births even in 2011.36
Neonatal sepsis and infections in newborns need to
address to curtail mortality to move towards achieving
the MDG 4 in Nepal.

CONCLUSIONS

Neonatal sepsis was common in this setting and had
high mortality. In view of the predictors (cesarian
section, apgar score <4 at 1 min, and <7 at 5 min),
clinical presentations and organisms of sepsis and their
resistance patterns, neneonatal sepsis and related
mortality can be significantly reduced by controlling
maternal infections, providing clean deliveries,
maintaining asepsis during labor, applying stringent
criteria for admission in NICU, appropriate antibiotic
use, and proper patient safety procedures on infection
prevention. There is a need for development of NICU
admission guideline, treatment guidelines for sepsis,
antibiotic use policy and infection prevention and
control guidelines to combat neonatal sepsis. This
study has provided a base line data on neonatal sepsis.
A population level health policy and systems research
to reduce neonatal sepsis through assessment of the
feasibility, effectiveness, and cost of promoting clean
delivery practices are necessary to curtail neonatal
mortality to achieve MDG 4 in Nepal.
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