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Abstract

Background

Sepsis is one of the major causes of neonatal death worldwide as well as in Bangladesh.

The objective of the present study was to identify the risk factors and causative organisms

of neonatal sepsis after delivery in a tertiary care hospital, Bangladesh.

Methods

This was a case-control study conducted in the neonatal ward of Rajshahi Medical College

Hospital (RMCH), a 1000-bed tertiary hospital situated in Rajshahi, Bangladesh. Neonates

diagnosed as neonatal sepsis by clinical and laboratory parameters were included as cases

in this study. Admitted neonates unsuspected or undiagnosed for sepsis were considered

as controls. Maternal and neonatal information and their laboratory reports were collected

and analyzed. Both bivariate and multiple logistic regression models were used to identify

the risk factors of neonatal sepsis.

Results

A total of 91 cases and 193 controls were included in the study. Maternal history of urinary

tract infection (UTI) during the third trimester of pregnancy (aOR 2.75, 95% CI: 1.04–7.23, p

<0.05), premature birth (aOR 2.77, 95% CI: 1.08–7.13, p <0.05) and APGAR score <7 at

five minutes (aOR 2.58, 95% CI: 1.04–6.39, p <0.05) were associated with onset of neonatal

sepsis in multiple logistic regression model. All these factors were also associated with

developing early-onset neonatal sepsis, while maternal UTI and male sex of neonates were

associated with developing late-onset neonatal sepsis. Escherichia coli (40.7%), Staphylo-

coccus aureus (27.5%), and Klebsiella pneumoniae (18.7%) were the commonly isolated

organisms causing neonatal sepsis. All these organisms were highly resistant to common

antibiotics like amoxicillin, cephalosporins, aminoglycosides and quinolones.
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Carbapenemase group of drugs along with amikacin, nitrofurantoin and linezolid were the

most sensitive drugs.

Conclusions

Strengthening the existing facility for antenatal screening for early diagnosis and treatment

of maternal infection during pregnancy as well as identifying high-risk pregnancy for ade-

quate perinatal management is necessary to prevent neonatal sepsis-related morbidity and

mortality. Rational use of antibiotics according to local epidemiology and culture and sensi-

tivity reports may minimize the increasing hazards of antibiotic resistance.

Introduction

Neonatal sepsis is a significant but neglected public health concern, especially in the lower and

middle-income countries of sub-Saharan Africa and South-East Asia. Consequently, despite a

decreasing trend in global neonatal mortality during the last two decades, the rate of reduction

of sepsis-specific mortality has been much slower compared to that of other causes like prema-

ture birth or intrapartum complications in these regions [1]. More than six million neonates

suffer from severe infections and sepsis annually in these regions [2]. It contributes to almost

one-quarter of global neonatal deaths per year [3]. Bangladesh is a developing country in the

South-East Asian region where sepsis contributes to almost 37% of all neonatal deaths [4].

Neonatal sepsis denotes a systemic inflammatory response syndrome in the presence of or

as a result of suspected or proven infection in a neonate (within the first 28 days of life) [5, 6].

According to the age of onset, neonatal sepsis is divided into two classes: (i) early-onset neona-

tal sepsis (EONS) and (ii) late-onset neonatal sepsis (LONS). Usually, the onset of sepsis within

the first 72 hours of life is referred to as EONS, while the onset of sepsis after 72 hours but

within the first 28 days of life is referred to as LONS. It is anticipated that organisms acquired

before and during delivery (or maternal-fetal infection) are mainly responsible for EONS,

while organisms acquired after delivery from the environment (nosocomial or community

sources) are responsible for LONS [7]. Case fatality of neonatal sepsis is high and many of the

surviving neonates suffer from poor long-term neurodevelopmental outcomes as a conse-

quence of CNS involvement, septic shock, or hypoxemia secondary to severe parenchymal

lung disease [8]. Bacterial pathogens such as Klebsiella pneumoniae, Staphylococcus aureus,
and coagulase-negative Staphylococcus are the most common causes of neonatal sepsis in

developing countries [9]. These organisms are highly resistant to commonly used antibiotics,

which makes them challenging to treat [10–12]. Moreover, early diagnosis and treatment of

newborns with infection are unsatisfactory in resource-poor settings, which contributes to the

high neonatal mortality due to sepsis [13].

There are epidemiological differences in the incidence, risk factors, pattern, and antimicro-

bial sensitivities of pathogens and mortality of neonatal sepsis among different regions and

countries in the world [14]. Specific strategies suitable for specific countries to prevent and

treat neonatal sepsis are needed to accelerate the progress of preventing neonatal morbidity

and mortality. Identification of risk factors and early diagnosis and institution of therapy

according to local epidemiology and antimicrobial resistance pattern can improve neonatal

survival. There is a lack of evidence on risk factors and common causative agents with their

sensitivity patterns of neonatal sepsis in Bangladesh. A case-control study conducted in Ban-

gladesh focused on community-acquired LONS showed that underweight, admission in the
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winter season, primiparity, and home delivery were associated with LONS [15]. Another com-

munity-based study reporting neonatal infection within the first nine days of life demonstrated

that history of child death in the family, large family, home delivery, unclean cord care, multi-

ple birth, low birth weight, and perinatal asphyxia were associated with neonatal infection

[16]. Some other studies reported that neonatal sepsis was associated with low birth weight,

preterm neonates, meconium-stained liquor, and prolonged rupture of membrane [17, 18].

Gram-negative organisms predominated with Escherichia coli are the commonest causative

agents, though this study is not robust enough to verify the risk factors of neonatal sepsis due

to its cross-sectional nature [17]. However, these studies did not represent the scenario of the

whole country as there were socio-economic and demographic disparities across the country.

Moreover, most of the studies were community-based and authors considered births at both

home and hospital.

The present study, therefore, aimed to determine the risk factors and etiology of neonatal

sepsis among the neonates delivered in a tertiary care hospital in northern Bangladesh.

Methods

Study design and setting

This was a case-control study conducted in the neonatal ward of Rajshahi Medical College

Hospital (RMCH) from January to December 2019. RMCH is a 1000-bed tertiary care hospital

situated in Rajshahi city and it is the main referral medical institution in northern Bangladesh.

This hospital has a 50-bed neonatal ward with a neonatal intensive care unit (NICU) facility.

Study population and sampling

The study population was all the neonates aged 0–28 days who were admitted to the neonatal

ward of RMCH and born in this hospital either by vaginal delivery or cesarean section during

the study period. A two population proportion formula (using open Epi version 2.3.1) was

used to calculate the adequate sample size for the study by considering the proportion of moth-

ers with a history of UTI during the third trimester (proved by a positive urine culture report

or the presence of>5 pus cells/HPF in the microscopic test of urine with a history of clinical

symptoms of UTI such as fever, burning sensation in micturition, etc., for those whose urine

culture report was not available), among the controls of 13.5% (one of the main exposure vari-

ables), which was estimated from a previous study [19], 95% confidence interval, 80% power

of the study control to case ratio of 2:1 to detect an estimated odds ratio of 2.5 and 10% non-

response rate. Accordingly, 93 cases and 186 controls (a total sample size of 279) were enough.

Cases and controls were selected using a proportional convenient sampling method according

to inclusion and exclusion criteria. The distribution of cases and controls is shown in the Fig 1.

Inclusion and exclusion criteria

Neonates diagnosed for neonatal sepsis according to established clinical and hematological cri-

teria of IMNCI (Integrated Management of Neonatal and Childhood Illness) and evidence of

positive blood culture results were included as cases in this study. Neonates who were not sus-

pected or diagnosed for neonatal sepsis and who were born in the obstetrics department and/

or admitted to the neonatal ward of RMCH due to other indications such as low birth weight,

neonatal jaundice, diarrhea, etc. during the study period were included as controls. Controls

were matched for age with cases. Neonates who were born outside RMCH or clinically sus-

pected as sepsis but not confirmed by hematological test and positive blood culture were

excluded from the study.
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Diagnosis of neonatal sepsis

Neonatal sepsis includes a range of systemic infections of the newborn, such as septicemia,

meningitis, pneumonia, arthritis, osteomyelitis, etc. [6]. Among all these infections, septice-

mia, defined as generalized bacterial infection documented by a positive blood culture within

the first 28 days of life, contributes to a large portion of neonatal morbidity and mortality due

to sepsis [20]. We considered neonates with positive blood culture results as sepsis cases, as the

facility of culture for other specimens was absent in the study center. According to the interna-

tional pediatric sepsis consensus conference, neonatal sepsis was diagnosed by the presence of

one or more of the established clinical features [either of fever (>37.5˚C) or hypothermia

(<35.5˚C), fast breathing (>60 breaths per minute), severe chest indrawing, not feeding well,

the movement only when stimulated, convulsion, lethargic or unconscious] and confirmed by

the presence of two of the hematological criteria (total leukocyte count <4000 or >12000 cells/

mm3, absolute neutrophil count<1500 cells/mm3 or >7500 cells/mm3, erythrocyte sedimen-

tation rate (ESR) >15 in the first hour and platelet count<150 or >440 cells/m3) along with a

positive blood culture test [5]. Early-onset neonatal sepsis (EONS) was defined as sepsis occur-

ring within the first 72 hours of life, and that occurring after 72 hours and within 28 days of

life was defined as late-onset neonatal sepsis (LONS) [19].

Blood culture and antimicrobial susceptibility testing

The blood sample was collected from clinically suspected patients by trained pediatric nurses

and sent to the microbiology lab of RMCH for culture. 1 ml of blood was collected from each

patient and directly inoculated into a pediatric FAN blood culture bottle. If a collection of 1 ml

of blood was not possible or contraindicated by the consultant neonatologist, especially in low

birth weight premature neonates due to their weight and total blood body volume, 0.5 ml of

blood was collected. As blood of a lower volume than 0.5 ml significantly reduces the sensitiv-

ity [21], neonates from whom collection of 0.5 ml of blood was not clinically justified by the

consultant neonatologist were excluded from the study. Collected samples were incubated in

the BACT/Alert machine for up to 5 days. The BACT/Alert system is reported as highly sensi-

tive with a positivity index of 0.94 for the gram-positive organism (S. epidermidis) and 0.95 for

the gram-negative organism (E. coli) [21]. For identification of organisms, positive culture

samples were directly inoculated onto MacConkey (MC) agar, chocolate agar, and blood agar

(5% sheep blood) plates. MC plates were then incubated at 35˚C in aerobic conditions.

Fig 1. Distribution of cases and controls.

https://doi.org/10.1371/journal.pone.0242275.g001
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Chocolate and blood agar plates were incubated at 35˚C in microaerophilic conditions (con-

taining 5% CO2). Isolated organisms were identified using standard laboratory procedures.

API 20E identification strips (bioMérieux, France) were used for further identification. Anti-

microbial susceptibility test (AST) was carried out by Kirby–Bauer disc diffusion method [22]

and susceptibility patterns were determined following CLSI guidelines [23]. Antimicrobial sus-

ceptibility was tested for a panel of antibiotics (Oxoid, UK). E. coli ATCC 25922 and Pseudo-
monas aeruginosa ATCC 27853 were used as quality control strains. Non-susceptibility to at

least one agent in three or more antimicrobial categories was defined as multidrug resistance

(MDR) [24].

Data collection procedure

Data related to maternal and neonatal risk factors as well as laboratory parameters and blood

culture reports were extracted from medical records of the mother during delivery and admit-

ted neonates using a structured checklist. In the case of any missing information about mater-

nal and neonatal risk factors, the mother of the neonate was interviewed by two trained

nurses. Detailed socio-demographic information was not collected due to our limited

resources.

Outcome variable

In this study, neonatal sepsis was the primary outcome variable. This was further classified

into two classes: (i) early-onset neonatal sepsis (EONS) defined as the onset of sepsis within

the first 72 hours of life, and (ii) late-onset neonatal sepsis, defined as the onset of sepsis after

the first 72 hours but within 28 days of life.

Independent variables

Independent variables were: maternal variables such as maternal age, maternal UTI during the

third trimester of pregnancy, prolonged labor, premature rupture of membrane, and mode of

delivery; and neonatal variables such as the age of neonate, sex of neonate, prematurity (gesta-

tional age), weight at birth, and APGAR score at 5 minutes. These potential risk factors were

selected from the evidence of previous studies [19, 25, 26].

Ethics approval and consent to participate

Ethical approval for this study was obtained from the Ethical Review Committee of Rajshahi

Medical College [Ref. RMC/ERC/2017-2019/199/179]. Informed written consent was obtained

from the mother of the neonate before enrollment in the study.

Statistical analysis

All statistical analyses were carried out using SPSS (IBM version 24.0). Statistical analysis was

done: (i) to determine the risk factors of neonatal sepsis including all cases and controls and

(ii) to determine the risk factors of early and late-onset neonatal sepsis including the cases

aged 0 to 72 hours and 72 hours to 28 days and their age-matched controls respectively. The

chi-square test was carried out to determine differences among groups concerning the out-

come variables. Both bivariate and multiple logistic regression models were used to generate

crude odds ratios (cOR) and adjusted odds ratios (aOR) with 95% confidence intervals (CI)

for significance testing. Variables that achieved p-value <0.05 in bivariate analysis were

entered into the multiple logistic regression models.

PLOS ONE Risk factors and etiology of neonatal sepsis

PLOS ONE | https://doi.org/10.1371/journal.pone.0242275 November 13, 2020 5 / 14

https://doi.org/10.1371/journal.pone.0242275


Results

Characteristics of the participants

A total number of 284 participants were included in the study, 91 diagnosed as neonatal sepsis

(cases), and 193 diagnosed as no sepsis (controls). Among cases, 56 (61.5%) and 35 (38.5%)

were diagnosed as EONS and LONS respectively. Almost half of the neonates of both cases

and controls were female. 65.5% of the mothers of neonates were of 18–35 years; 14% of them

had a history of UTI during the third trimester of pregnancy (24% among cases, 9% among

controls). 16% of mothers had prolonged labor (24% among cases and 13% among controls),

and 19.4% of them had premature rupture of membrane (27.5% among cases and 15.5%

among controls). A total of 38.7% of neonates were delivered by cesarean section (49.5%

among cases and 33.7% among controls). Prematurity, low birth weight, and APGAR score

<7 at 5 minutes were more prevalent among cases (46% vs 18.7%, 54% vs 25.4%, and 31% vs

11.4% respectively among cases and controls). The chi-square test demonstrated that maternal

UTI during 3rd trimester, prolonged labor, premature rupture of membrane, mode of delivery,

prematurity, weight at birth, and APGAR score at 5 minutes were significantly associated with

neonatal sepsis (Table 1).

Risk factors of neonatal sepsis

Multiple binary logistic regression model demonstrated that mothers having UTI during the

3rd trimester had a 2.75-fold greater risk of neonatal sepsis than their counterparts

(aOR = 2.75; 95% CI: 1.04–7.23; p<0.05). Premature neonates were at 2.77 times higher risk

for getting sepsis than neonates delivered in time (aOR = 2.77, 95% CI: 1.08–7.13; p<0.05).

Neonates having a lower APGAR score (<7) at 5 minutes were more likely to get sepsis than

neonates with APGAR score of 7 and above (aOR = 2.57, 95% CI: 1.02–6.43; p<0.05).

Table 1. Maternal and neonatal characteristics of cases and control.

Variables Category Total, N (%) Case, N (%) Control, N (%) p-value

Maternal age (year) <18 60 (21.1) 21 (23.1) 39 (20.2) 0.783

18 to 35 186 (65.5) 57 (62.6) 129 (66.8)

>35 38 (13.4) 13 (14.3) 25 (13.0)

Maternal UTI during 3rd trimester Yes 40 (14.1) 22 (24.2) 18 (9.3) 0.001

No 244 (85.9) 69 (75.8) 175 (90.7)

Prolonged labor Yes 47 (16.5) 22 (24.2) 25 (13.0) 0.018

No 237 (83.5) 69 (75.8) 168 (87.0)

Premature rupture of membrane Yes 55 (19.4) 25 (27.5) 30 (15.5) 0.018

No 229 (80.6) 66 (72.5) 163 (84.5)

Mode of delivery Caesarean 110 (38.7) 45 (49.5) 65 (33.7) 0.011

Vaginal 174 (61.3) 46 (50.5) 128 (66.3)

Age of neonate (day) 0 to 3 172 (60.6) 56 (61.5) 116 (60.1) 0.817

3or 4–28 112 (39.4) 35 (38.5) 77 (39.9)

Sex of neonate Female 151 (53.2) 48 (52.7) 103 (53.4) 0.922

Male 133 (46.8) 43 (47.3) 90 (46.6)

Prematurity Yes (<37 weeks) 78 (27.5) 42 (46.2) 36 (18.7) 0.001

No (�37 weeks 206 (72.5) 49 (53.8) 157 (81.3)

Weight at birth (gram) Low, <2500 98 (34.5) 49 (53.8) 49 (25.4) 0.001

Normal,�2500 186 (65.5) 42 (46.2) 144 (74.6)

APGAR score at 5 minutes <7 50 (17.6) 28 (30.8) 22 (11.4) 0.001

�7 234 (82.4) 63 (69.2) 171 (88.6)

https://doi.org/10.1371/journal.pone.0242275.t001
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However, bivariate logistic model showed that prolonged labor (cOR = 2.14, 95% CI: 1.13–

4.06; p<0.05), premature rupture of membrane (cOR =: 2.06, 95% CI: 1.13–3.76; p<0.05),

mode of delivery (cOR = 1.93, 95% CI: 1.16–3.20; p<0.05), and weight at birth (cOR = 3.43,

95% CI: 2.03–3.26; p<0.05) were the most influential factors of neonatal sepsis (Table 2).

Risk factors for early and late-onset neonatal sepsis

Tables 3 and 4 show the risk factors of early and late-onset neonatal sepsis respectively. Multi-

ple logistic regression models showed that maternal UTI during the third trimester of preg-

nancy was a significant predictor of both early (aOR = 2.78, 95% CI: 1.07–7.28; p<0.05) and

late-onset (aOR = 5.48, 95% CI: 1.58–18.99; p<0.05) neonatal sepsis. Among neonatal factors,

premature birth (aOR = 2.84, 95% CI:1.13–7.12; p<0.05) and APGAR score <7 at 5 minutes

(aOR = 2.58, 95% CI: 1.04–6.39; p<0.05) were associated with increased risk of EONS

(Table 3) while only male sex of neonate diminished the risk of LONS by 67% (aOR = 0.33,

95% CI: 0.13–0.88; p<0.05) compared to female neonate (Table 4).

Causative organisms of neonatal sepsis

Escherichia coli was the most frequently isolated gram-negative organism from blood samples

of suspected neonates of sepsis (40.7%) followed by Klebsiella pneumoniae (18.7%). These two

organisms were the most common cause of both early and late-onset neonatal sepsis, though

Klebsiella pneumoniae was more likely associated with LONS (10.7% of EONS vs 31.4% of

Table 2. Bivariate and multiple logistic regressions for risk factors of neonatal sepsis.

Variables Category Case, N (%) Control, N (%) cOR (95% CI) aOR (95% CI)

Maternal age (year) <18 21 (23.1) 39 (20.2) 1.04 (0.44–2.43)

18 to 35 57 (62.6) 129 (66.8) 0.85 (0.41–1.78)

>35 13 (14.3) 25 (13.0)

Maternal UTI during 3rd trimester Yes 22 (24.2) 18 (9.3) 3.10 (1.57–6.13)� 2.75 (1.04–7.23)�

No 69 (75.8) 175 (90.7)

Prolong labor Yes 22 (24.2) 25 (13.0) 2.14 (1.13–4.06)� 1.89 (0.70–5.08)

No 69 (75.8) 168 (87.0)

Premature rupture of membrane Yes 25 (27.5) 30 (15.5) 2.06 (1.13–3.76)� 1.44 (0.60–3.45)

No 66 (72.5) 163 (84.5)

Mode of delivery Caesarean 45 (49.5) 65 (33.7) 1.93 (1.16–3.20)� 1.47 (0.67–3.22)

Vaginal 46 (50.5) 128 (66.3)

Age of neonate (day) 0 to 3 56 (61.5) 116 (60.1) 1.06 (0.64–1.77)

3–28 days 35 (38.5) 77 (39.9)

Sex of neonate Female 48 (52.7) 103 (53.4) 0.98 (0.59–1.61)

Male 43 (47.3) 90 (46.6)

Prematurity Yes (<37 weeks) 42 (46.2) 36 (18.7) 3.74 (2.16–6.47)� 2.77 (1.08–7.13)�

No (�37 weeks) 49 (53.8) 157 (81.3)

Weight at birth (gram) Low, <2500 49 (53.8) 49 (25.4) 3.43 (2.03–5.79)� 1.27 (0.50–3.26)

Normal,�2500 42 (46.2) 144 (74.6)

APGAR score at 5 minutes <7 28 (30.8) 22 (11.4) 3.46 (1.84–6.48)� 2.57 (1.02–6.43)�

�7 63 (69.2) 171 (88.6)

N.B.

�p-value <0.05, CI: Confidence interval, cOR: crude odds ratio, aOR: Adjusted odds ratio.

https://doi.org/10.1371/journal.pone.0242275.t002
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Table 3. Bivariate and multiple logistic regression for risk factors of early-onset neonatal sepsis.

Variables Category Case, N (%) Control, N (%) cOR (95% CI) aOR (95% CI)

Maternal age (year) <18 13 (23.2) 22 (19.0) 0.99 (0.29–3.34)

18 to 35 37 (66.1) 84 (72.4) 0.73 (0.25–2.17)

>35 6 (10.7) 10 (8.6)

Maternal UTI during 3rd trimester Yes 13 (23.2) 11 (9.5) 2.89 (1.20–6.94)� 2.78 (1.07–7.28)�

No 43 (76.8) 105 (90.5)

Prolong labor Yes 11 (19.6) 13 (11.2) 1.94 (0.81–4.65)

No 45 (80.4) 103 (88.8)

Premature rupture of membrane Yes 15 (26.8) 19 (16.4) 1.87 (0.87–4.03)

No 41 (73.2) 97 (83.6)

Mode of delivery Caesarean 29 (51.8) 39 (33.6) 2.12 (1.11–4.06)� 1.50 (0.69–3.25)

Vaginal 27 (48.2) 77 (66.4)

Sex of neonate Female 29 (51.8) 46 (39.7) 1.63 (0.86–3.11)

Male 27 (48.2) 70 (60.3)

Prematurity Yes (<37 weeks) 27 (48.2) 24 (20.7) 3.57 (1.79–7.12)� 2.84 (1.13–7.12)�

No (�37 weeks) 29 (51.8) 92 (79.3)

Weight at birth (gram) Low, <2500 31 (55.4) 33 (28.4) 3.12 (1.61–6.06)� 1.25 (0.50–3.16)

Normal,�2500 25 (44.6) 83 (71.6)

APGAR score at 5 minutes <7 14 (25.0) 13 (11.2) 2.64 (1.15–6.09)� 2.58 (1.04–6.39)�

�7 42 (75.0) 103 (88.8)

N.B.

�p-value <0.05, CI: Confidence interval, cOR: crude odds ratio, aOR: Adjusted odds ratio.

https://doi.org/10.1371/journal.pone.0242275.t003

Table 4. Bivariate and multiple logistic regression for risk factors of late-onset neonatal sepsis.

Variables Category Case, N (%) Control, N (%) cOR (95% CI) aOR (95% CI)

Maternal age (year) <18 8 (22.9) 17 (22.1) 1.01 (0.29–3.45)

18 to 35 20 (57.1) 45 (58.4) 0.95 (0.34–2.69)

>35 7 (20.0) 15 (19.5)

Maternal UTI during 3rd trimester Yes 9 (25.7) 7 (9.1) 3.46 (1.17–10.25)� 5.48 (1.58–18.99)�

No 26 (74.3) 70 (90.9)

Prolong labor Yes 11 (31.4) 12 (15.6) 2.48 (0.97–6.37)

No 24 (68.6) 65 (84.4)

Premature rupture of membrane Yes 10 (28.6) 11 (14.3) 2.40 (0.91–6.35)

No 25 (71.4) 66 (85.7)

Mode of delivery Caesarean 16 (45.7) 26 (33.8) 1.65 (0.73–3.74)

Vaginal 19 (54.3) 51 (66.2)

Sex of neonate Female 19 (54.3) 57 (74.0) 0.42 (0.18–0.96)� 0.33 (0.13–0.88)�

Male 16 (45.7) 20 (26.0)

Prematurity Yes (<37 weeks) 15 (42.9) 12 (15.6) 4.06 (1.64–10.09)� 2.34 (0.71–7.70)

No (�37 weeks) 20 (57.1) 65 (84.4)

Weight at birth (gram) Low, <2500 18 (51.4) 16 (20.8) 4.04 (1.71–9.56)� 2.19 (0.64–7.53)

Normal,�2500 17 (48.6) 61 (79.2)

APGAR score at 5 minutes <7 14 (40.0) 9 (11.7) 5.04 (1.91–13.29)� 2.10 (0.61–7.26)

�7 21 (60.0) 68 (88.3)

N.B.

�p-value <0.05, CI: Confidence interval, cOR: crude odds ratio, aOR: Adjusted odds ratio.

https://doi.org/10.1371/journal.pone.0242275.t004
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LONS). Among gram-positive organisms, Staphylococcus aureus (27.5%) and Staphylococcus
saprophyticus (8.8%) were most commonly isolated from blood samples (Table 5).

Antibiotic resistance pattern

Table 6 shows the pattern of antibiotic resistance of causative organisms of neonatal sepsis.

Among the beta-lactam antibiotics used for gram-negative organisms, both Escherichia coli
and Klebsiella pneumoniae showed the highest resistance to amoxicillin and clavulanic acid

combination (57% and 70.6% respectively). Though Klebsiella pneumoniae was highly sensitive

to imipenem and meropenem, Escherichia coli was moderately resistant to these drugs (32%

and 46% respectively). These organisms were highly resistant to almost all non-β-lactum

Table 5. Causative organisms of neonatal sepsis.

Organism Total, N (%) Mode of onset Gestational age Birth weight

EONS, N (%) LONS, N (%) <37 weeks, N (%) �37 weeks, N (%) <2500 g, N (%) �2500 g, N (%)

Escherichia coli 37 (40.7) 26 (46.4) 11 (31.4) 17 (40.5) 20 (40.8) 22 (44.9) 15 (35.7)

Klebsiella pneumoniae 17 (18.7) 6 (10.7) 11 (31.4) 8 (19.0) 9 (18.4) 10 (20.4) 7 (16.7)

Staphylococcus aureus 25 (27.5) 17 (30.4) 8 (22.9) 11 (26.2) 14 (28.6) 11 (22.4) 14 (33.3)

Staphylococcus saprophyticus 8 (8.8) 5 (8.9) 3 (8.6) 5 (11.9) 3 (6.1) 4 (8.2) 4 (9.5)

Staphylococcus epidermidis 3 (3.3) 1 (1.8) 2 (5.7) 1 (2.4) 2 (4.1) 2 (4.1) 1 (2.4)

Streptococcus viridans 1 (1.1) 1 (1.8) 0 (0.0) 0 (0.0) 1 (2.0) 0 (0.0) 1 (2.4)

https://doi.org/10.1371/journal.pone.0242275.t005

Table 6. Antibiotic resistance pattern (percentage of resistance) of causative organisms of neonatal sepsis.

Antibiotic Organism

Escherichia coli Klebsiella pneumoniae Staphylococcus aureus Staphylococcus saprophyticus Staphylococcus epidrmidis
(n = 37), R% (n = 17), R% (n = 25), R% (n = 8), R% (n = 3), R%

MDR 100 100 100 100 100

β-lactum antibiotics

Amoxicillin 92.0 37.5 100

Amoxicillin + clavulanic acid 56.8 70.6 44.0 50.0 33.3

Cloxacillin 52.0 25.0 33.3

Imipenem 32.4 0.0 24.0 12.5 33.3

Meropenem 45.9 0.0 40.0 25.0 33.3

Non-β-lactum antibiotics

Ceftriaxone 75.7 76.5 62.5 66.7

Ceftazidime 62.2 58.8 64.0 100 100

Cefuroxime 89.2 64.7 60.0 62.5 0.0

Cefepime 73.0 47.1 48.0 25.0 33.3

Azithromycin 80.0 100 100

Gentamicin 75.7 64.7 48.0 75.0 33.3

Amikacin 70.3 64.7 32.0 75.0 66.7

Ciprofloxacin 78.4 52.9 56.0 75.0 33.3

Levofloxacin 40.5 35.3 56.0 50.0 0.0

Cotrimoxazole 73.0 76.5 72.0 75.0 66.7

Doxycycline 78.4 52.9 44.0 75.0 33.3

Nitrofurantoin 56.8 52.9 20.0 50.0 0.0

Linezolid 4.0 12.5 33.3

R = Resistance

https://doi.org/10.1371/journal.pone.0242275.t006
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antibiotics tested, such as the third-generation cephalosporins, aminoglycosides, and quino-

lones. However, levofloxacin was quite sensitive against these organisms (resistance rate 40%

and 35% for E. coli and K. pneumoniae respectively).

Gram-positive organisms were moderately sensitive to almost all β-lactum antibiotics

except amoxicillin. Resistance rates of these organisms to Non-β-lactum antibiotics like the

third-generation cephalosporins, aminoglycosides, and quinolones, and others were compara-

tively higher than β-lactum antibiotics. However, amikacin, nitrofurantoin, and linezolid were

still sensitive against the gram-positive organisms, especially Staphylococcus aureus (Table 6).

Discussion

The present study aimed to evaluate the maternal and neonatal risk factors of developing sep-

sis, both early and late-onset, among the neonates delivered in a tertiary care hospital in north-

ern Bangladesh. Among the diagnosed neonatal sepsis cases, 61.5% were diagnosed as EONS

and 38.5% were diagnosed as LONS. The prevalence of EONS was much lower found in a

study conducted in Dhaka, Bangladesh (35%) [27]; the sample size of that study was not large

enough to conclude. Our finding is consistent with previous studies conducted in different

countries of similar economic conditions like India (67%) [12], Nepal (78%) [10], Ethiopia

(77%) [19], and Ghana (82%) [25].

Our study showed that neonates with a history of maternal UTI during the third trimester

of pregnancy were five times more prone to developing sepsis. This was also found in the case

of both EONS and LONS when the regression model was carried out separately. A similar

result was found in a meta-analysis including studies from all over the world; it reported that

lab-confirmed maternal infection or bacterial colonization significantly increases the risk of

neonatal sepsis during the first week of life, which includes both EONS and LONS according

to our definition [28]. Maternal infections may frequently transmit to the baby in utero or dur-

ing passage through the birth canal which usually causes neonatal sepsis. Other maternal risk

factors, prolonged labor and premature rupture of membrane, which increase the risk of the

chance of ascending infection from the birth canal into the amniotic fluid were found to

increase the risk of development of neonatal sepsis in different studies [19, 28, 29], though

these factors were not associated with increased risk of sepsis in our study. Perhaps proper

management of prolonged labor and premature rupture of the membrane in our tertiary care

setting had minimized the risk of ascending infection.

Among neonatal factors, premature birth and APGAR scores of<7 at 5 minutes were

found to be associated with overall neonatal sepsis as well as developing EONS. We could not

find any association between low birth weight and neonatal sepsis. Preterm birth and low birth

weight were reported as risk factors of neonatal sepsis in several previous studies [17, 18, 30,

31]. However, some evidence found no association between neonatal sepsis and preterm birth

or low birth weight [19, 26]. A lower APGAR score, which leads to perinatal asphyxia resulting

in immunological insult, was also reported as an important risk factor of neonatal sepsis in dif-

ferent studies [16, 19, 26].

In our study, gram-negative organisms were more commonly isolated than gram-positive

organisms. Escherichia coli was the predominant gram-negative bacteria followed by Klebsiella
pneumoniae whereas Staphylococcus aureus was the predominant gram-positive organism.

These organisms were also most commonly isolated from the neonatal blood samples of a pre-

vious study in Bangladesh [17]. Another study from Bangladesh reported Klebsiella pneumo-
niae as the most commonly isolated organism [27]. However, this study included blood

samples mostly from LONS patients, and Klebsiella pneumoniae mainly caused LONS also in

our study samples. Klebsiella pneumonia, Escherichia coli, Staphylococcus aureus, and
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coagulase-negative Staphylococcus were reported as the most common causative organisms of

neonatal sepsis worldwide [9, 10, 12, 32]. Escherichia coli and Klebsiella pneumoniae are nor-

mal members of gastrointestinal flora and cause a range of infections including UTI, pneumo-

nia, and septicemia. Maternal colonization by these organisms increases the neonatal risk of

being infected by them [28].

Antimicrobial resistance is a major challenge for clinical management of neonatal sepsis. In

our study, all the isolated bacteria were multidrug-resistant. Both gram-negative and gram-

positive organisms were highly resistant to commonly available antibiotics like amoxicillin,

cephalosporins, aminoglycosides, and quinolones. A similar pattern of a very high prevalence

of multidrug-resistant organisms was also reported in previous studies from Bangladesh [17,

27] and also from different countries of the world like India, Nepal, and Ethiopia [10–12]. Our

study revealed that the carbapenemase group of drugs (imipenem and meropenem) was

mostly sensitive against both gram-positive and gram-negative bacteria. Some other antibiotics

like amikacin, nitrofurantoin, and linezolid were also sensitive, especially against gram-posi-

tive organisms (Staphylococcus aureus). A similar pattern of sensitivity was also reported in

previous studies conducted in Bangladesh [27] and the neighboring countries like India and

Nepal [10, 12].

Despite being a tertiary care hospital, the study institution lacks specific protocol regarding

the use of the first, second, and third-line antibiotics used to treat neonatal sepsis. Broad-spec-

trum antibiotics, mainly ceftriaxone and amikacin are being used most commonly as empirical

antibiotics in case of suspected sepsis at the time of admission, as these two antibiotics are

available in the hospital through government supply. However, ceftriaxone showed a high

level of resistance, though amikacin remained moderately sensitive, mostly against gram-posi-

tive bacteria. Based on our findings, levofloxacin and imipenem combination may be the drug

of choice for empirical use in neonatal sepsis.

Strength and limitation of the study

The present study was the very first attempt to identify the risk factors and causative organ-

isms of sepsis among hospital-borne neonates in the northern region of Bangladesh, to the

best of our knowledge. Despite the fact, we would like to admit some limitations of the

study. Firstly, this was a single-center study with a small sample size and both cases and con-

trols were included from neonates admitted in the same tertiary care hospital. The findings

may not be inferential for the neonates borne in the home or primary care settings. Sec-

ondly, we could not include detailed socio-demographic information due to our limited

resources, which may have a role in developing neonatal sepsis. Thirdly, all the mothers

classified as having UTI in the third trimester did not have proof of positive urine culture

and in those cases, having >5 pus cells per HPF was considered as evidence of UTI. So there

is a probability of classifying the mothers having sterile pyuria as UTI that can potentially

confound the result. Finally, specific characterization of MDR bacteria (such as MRSA,

ESBL, etc.) and molecular-based specifications have not been done due to a lack of well-

established laboratory facilities, and detection of some UTIs might be missed to make an

underestimated result. Therefore, the results of this study are recommended to be inter-

preted with caution. Further study with a larger sample of cases from multiple centers and

healthy controls from the community is suggested to verify the risk factors found in our

study. Other socio-demographic factors that we could not include due to our limited

resources should also be considered. Moreover, the molecular characterization of MDR bac-

teria is suggested for a better understanding of the epidemiology and resistance mechanism

of the causative organisms of neonatal sepsis.
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Conclusions

Our result has demonstrated that the risk of developing neonatal sepsis was higher during the

first 72 hours of a neonate’s life. Maternal history of UTI during the third trimester of preg-

nancy along with some neonatal factors such as premature birth and APGAR score of<7 at 5

minutes after birth was the significant risk factor of neonatal sepsis. Proper and adequate ante-

natal screening for early diagnosis and treatment of maternal infection during pregnancy as

well as identifying high-risk pregnancy for adequate perinatal management of neonates are

recommended to prevent neonatal sepsis-related morbidity and mortality. It was also observed

that a high prevalence of multidrug-resistant organisms had made clinical management chal-

lenging. According to our findings, linezolid, nitrofurantoin, and carbapenems (meropenem

and meropenem) may be the potential drugs of choice for empirical therapy to treat neonatal

sepsis. However, the antibiotics should preferably be used according to the culture and sensi-

tivity report at the earliest opportunity to reduce the risk of developing resistance against these

drugs.

Supporting information

S1 Data.

(SAV)

Acknowledgments

The authors would like to acknowledge Md. Nurunnabi, lab assistant of Rajshahi Medical Col-

lege Hospital for his support throughout the study. The authors would also like to express their

sincere gratitude to all the parents of the study participants and the staff engaged in the study.

Author Contributions

Conceptualization: Md. Abdur Rafi.

Data curation: Md. Abdur Rafi, M. Morsed Zaman Miah.

Formal analysis: Md. Abdur Rafi, M. Morsed Zaman Miah, Md. Golam Hossain.

Investigation: Md. Golam Hossain.

Methodology: M. Morsed Zaman Miah, Md. Abdul Wadood, Md. Golam Hossain.

Resources: Md. Abdul Wadood, Md. Golam Hossain.

Supervision: Md. Golam Hossain.

Validation: Md. Abdul Wadood, Md. Golam Hossain.

Writing – original draft: Md. Abdur Rafi.

Writing – review & editing: M. Morsed Zaman Miah, Md. Abdul Wadood, Md. Golam

Hossain.

References
1. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and regional mortality

from 235 causes of death for 20 age groups in 1990 and 2010: A systematic analysis for the Global Bur-

den of Disease Study 2010. Lancet. 2012 Dec 1; 380(9859):2095–128. https://doi.org/10.1016/S0140-

6736(12)61728-0 PMID: 23245604

2. Seale AC, Blencowe H, Manu AA, Nair H, Bahl R, Qazi SA, et al. Estimates of possible severe bacterial

infection in neonates in sub-Saharan Africa, South Asia, and Latin America for 2012: A systematic

PLOS ONE Risk factors and etiology of neonatal sepsis

PLOS ONE | https://doi.org/10.1371/journal.pone.0242275 November 13, 2020 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0242275.s001
https://doi.org/10.1016/S0140-6736%2812%2961728-0
https://doi.org/10.1016/S0140-6736%2812%2961728-0
http://www.ncbi.nlm.nih.gov/pubmed/23245604
https://doi.org/10.1371/journal.pone.0242275


review and meta-analysis. Lancet Infect Dis. 2014; 14(8):731–41. https://doi.org/10.1016/S1473-3099

(14)70804-7 PMID: 24974250

3. Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, et al. Global, regional, and national causes of child

mortality in 2000–13, with projections to inform post-2015 priorities: An updated systematic analysis.

Lancet. 2015 Jan 31; 385(9966):430–40. https://doi.org/10.1016/S0140-6736(14)61698-6 PMID:

25280870

4. Rahman AE, Iqbal A, Hoque DME, Moinuddin M, Zaman S Bin, Rahman QSU, et al. Managing neonatal

and early childhood syndromic sepsis in sub-district hospitals in resource poor settings: Improvement in

quality of care through introduction of a package of interventions in rural Bangladesh. PLoS One. 2017

Jan 1; 12(1).

5. Goldstein B, Giroir B, Randolph A. International pediatric sepsis consensus conference: Definitions for

sepsis and organ dysfunction in pediatrics. In: Pediatric Critical Care Medicine. Pediatr Crit Care Med;

2005.

6. Mihatov Stefanovic I. Inflammation Neonatal sepsis. Biochem Medica. 2011; 21(3):276–81.

7. Haque KN. Defining common infections in children and neonates. J Hosp Infect. 2007 Jun; 65(SUPPL.

2):110–4.

8. Chu SM, Hsu JF, Lee CW, Lien R, Huang HR, Chiang MC, et al. Neurological complications after neo-

natal bacteremia: The clinical characteristics, risk factors, and outcomes. PLoS One. 2014 Nov 3; 9

(11).

9. Amare D, Mela M, Dessie G. Unfinished agenda of the neonates in developing countries: magnitude of

neonatal sepsis: systematic review and meta-analysis. Vol. 5, Heliyon. Elsevier Ltd; 2019.

10. Pokhrel B, Koirala T, Shah G, Joshi S, Baral P. Bacteriological profile and antibiotic susceptibility of neo-

natal sepsis in neonatal intensive care unit of a tertiary hospital in Nepal. BMC Pediatr. 2018 Jun 27; 18

(1).

11. Geyesus T, Moges F, Eshetie S, Yeshitela B, Abate E. Bacterial etiologic agents causing neonatal sep-

sis and associated risk factors in Gondar, Northwest Ethiopia. BMC Pediatr [Internet]. 2017 Dec 6 [cited

2020 Apr 8]; 17(1):137. Available from: http://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-

017-0892-y PMID: 28587631

12. Muley VA, Ghadage DP, Bhore AV. Bacteriological profile of neonatal septicemia in a tertiary care hos-

pital from Western India. J Glob Infect Dis. 2015 Apr 1; 7(2):75–7.

13. Edmond K, Zaidi A. New approaches to preventing, diagnosing, and treating neonatal sepsis. PLoS

Med. 2010 Mar; 7(3):1–8.

14. Wardlaw T, You D, Hug L, Amouzou A, Newby H. UNICEF Report: Enormous progress in child survival

but greater focus on newborns urgently needed. Vol. 11, Reproductive Health. BioMed Central Ltd.;

2014. p. 1–4. https://doi.org/10.1186/1742-4755-11-1 PMID: 24383405

15. Saqeeb KN, Hasan SMT, Khan MA, Ahmed T, Chisti MJ. Determinants and Outcome of Community-

Acquired Late-Onset Neonatal Sepsis in Rural Bangladesh. Glob Pediatr Heal. 2019

Jan;6:2333794X1983373.

16. Mitra DK, Mullany LC, Harrison M, Mannan I, Shah R, Begum N, et al. Incidence and risk factors of neo-

natal infections in a rural Bangladeshi population: A community-based prospective study. J Heal Popul

Nutr. 2018 Mar 9;37(1).

17. Quddus AR, Islam MN, Uddin MB, Mahmud AA, Badruzzaman M, Saha SK, et al. Study of Risk Factors,

Causative Organisms & Their Sensitivity Pattern in Neonatal Sepsis in a Community Based Tertiary

Level Hospital. Mymensingh Med J [Internet]. 2019 Oct [cited 2020 Apr 8]; 28(4):839–48. Available

from: http://www.ncbi.nlm.nih.gov/pubmed/31599249 PMID: 31599249

18. Alam MM, Saleem AF, Shaikh AS, Munir O, Qadir M. Neonatal sepsis following prolonged rupture of

membranes in a tertiary care hospital in Karachi, Pakistan [Internet]. Vol. 8, Journal of Infection in

Developing Countries. 2014 [cited 2020 Apr 10]. p. 67–73. Available from: https://jidc.org/index.php/

journal/article/view/3136

19. Gebremedhin D, Berhe H, Gebrekirstos K. Risk factors for neonatal sepsis in public hospitals of Mekelle

City, North Ethiopia, 2015: Unmatched case control study. PLoS One. 2016 May 1; 11(5).

20. Lahariya C, Sudfeld CR, Lahariya D, Tomar SS. Causes of child deaths in India, 1985–2008: a system-

atic review of literature. Indian J Pediatr [Internet]. 2010 Nov [cited 2020 Apr 8]; 77(11):1303–11. Avail-

able from: http://www.ncbi.nlm.nih.gov/pubmed/20924720

21. Schelonka RL, Chai MK, Yoder BA, Hensley D, Brockett RM, Ascher DP. Volume of blood required to

detect common neonatal pathogens. J Pediatr [Internet]. 1996 Aug [cited 2020 Sep 15]; 129(2):275–8.

Available from: https://linkinghub.elsevier.com/retrieve/pii/S0022347696702548 https://doi.org/10.

1016/s0022-3476(96)70254-8 PMID: 8765627

PLOS ONE Risk factors and etiology of neonatal sepsis

PLOS ONE | https://doi.org/10.1371/journal.pone.0242275 November 13, 2020 13 / 14

https://doi.org/10.1016/S1473-3099%2814%2970804-7
https://doi.org/10.1016/S1473-3099%2814%2970804-7
http://www.ncbi.nlm.nih.gov/pubmed/24974250
https://doi.org/10.1016/S0140-6736%2814%2961698-6
http://www.ncbi.nlm.nih.gov/pubmed/25280870
http://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-017-0892-y
http://bmcpediatr.biomedcentral.com/articles/10.1186/s12887-017-0892-y
http://www.ncbi.nlm.nih.gov/pubmed/28587631
https://doi.org/10.1186/1742-4755-11-1
http://www.ncbi.nlm.nih.gov/pubmed/24383405
http://www.ncbi.nlm.nih.gov/pubmed/31599249
http://www.ncbi.nlm.nih.gov/pubmed/31599249
https://jidc.org/index.php/journal/article/view/3136
https://jidc.org/index.php/journal/article/view/3136
http://www.ncbi.nlm.nih.gov/pubmed/20924720
https://linkinghub.elsevier.com/retrieve/pii/S0022347696702548
https://doi.org/10.1016/s0022-3476%2896%2970254-8
https://doi.org/10.1016/s0022-3476%2896%2970254-8
http://www.ncbi.nlm.nih.gov/pubmed/8765627
https://doi.org/10.1371/journal.pone.0242275


22. Bayer A, Kirby W, Sherris J, pathol MT-AJ clin, 1966 undefined. Antibiotic susceptibility testing by a

standardized single disc method.

23. Patel JB, Eliopoulos GM, Jenkins SG, James Lewis FS II, Brandi Limbago P, Nicolau DP, et al. Perfor-

mance Standards for Antimicrobial Susceptibility Testing Performance Standards for Antimicrobial Sus-

ceptibility Testing Suggested Citation. 2016. 100–125 p.

24. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al. Multidrug-resistant,

extensively drug-resistant and pandrug-resistant bacteria: An international expert proposal for interim

standard definitions for acquired resistance. Clin Microbiol Infect. 2012; 18(3):268–81.

25. P A, A A, SM S, RA A, AK K, E A, et al. Risk Factors for Neonatal Sepsis: A Retrospective Case-Control

Study Among Neonates Who Were Delivered by Caesarean Section at the Trauma and Specialist Hos-

pital, Winneba, Ghana. Biomed Res Int. 2018;2018. https://doi.org/10.1155/2018/6153501 PMID:

30662911

26. Masanja Pendo P, Kibusi Stephen M, Mkhoi Mkhoi L. Predictors of Early Onset Neonatal Sepsis among

Neonates in Dodoma, Tanzania: A Case Control Study. J Trop Pediatr [Internet]. 2016 [cited 2020 Apr

11]; 62(2):131. Available from: http://m.tropej.oxfordjournals.org/content/53/2/103.short https://doi.org/

10.1093/tropej/fmv089 PMID: 26705331

27. Begum S, Baki M, Kundu G, Islam I, Kumar M, Haque A. Bacteriological Profile of Neonatal Sepsis in a

Tertiary Hospital in Bangladesh. J Bangladesh Coll Physicians Surg. 2012 Jul 23; 30(2):66–70.

28. Chan GJ, Lee AC, Baqui AH, Tan J, Black RE. Risk of Early-Onset Neonatal Infection with Maternal

Infection or Colonization: A Global Systematic Review and Meta-Analysis. PLoS Med. 2013 Aug; 10(8).

29. Adejumo by OA, Daniel OJ, Adebayo BI, Adejumo EN, Jaiyesimi EO, Akang G, et al. Predictors of Early

Onset Neonatal Sepsis among Neonates in Dodoma, Tanzania: A Case Control Study. J Trop Pediatr

[Internet]. 2016 [cited 2020 Apr 11]; 62(2):131. Available from: http://m.tropej.oxfordjournals.org/

content/53/2/103.short https://doi.org/10.1093/tropej/fmv089 PMID: 26705331

30. Schrag SJ, Cutland CL, Zell ER, Kuwanda L, Buchmann EJ, Velaphi SC, et al. Risk factors for neonatal

sepsis and perinatal death among infants enrolled in the prevention of perinatal sepsis trial, Soweto,

South Africa. Pediatr Infect Dis J. 2012; 31(8):821–6.

31. Kpikpitse, Semuatu S, Mohamed. NEONATAL SEPSIS IN RURAL GHANA: A CASE CONTROL

STUDY OF RISK FACTORS IN A BIRTH COHORT 1 MATE SIAKWA [Internet]. Vol. 4, International

Journal of Research In Medical and Health Sciences. 2014 [cited 2020 Apr 11]. Available from: http://

www.ijsk.org/ijrmhs.html

32. Zaidi AKM, Thaver D, Ali SA, Khan TA. Pathogens Associated With Sepsis in Newborns and Young

Infants in Developing Countries. Pediatr Infect Dis J [Internet]. 2009 Jan 1 [cited 2020 Apr 12]; 28(Sup-

plement):S10–8. Available from: http://journals.lww.com/00006454-200901001-00003 https://doi.org/

10.1097/INF.0b013e3181958769 PMID: 19106757

PLOS ONE Risk factors and etiology of neonatal sepsis

PLOS ONE | https://doi.org/10.1371/journal.pone.0242275 November 13, 2020 14 / 14

https://doi.org/10.1155/2018/6153501
http://www.ncbi.nlm.nih.gov/pubmed/30662911
http://m.tropej.oxfordjournals.org/content/53/2/103.short
https://doi.org/10.1093/tropej/fmv089
https://doi.org/10.1093/tropej/fmv089
http://www.ncbi.nlm.nih.gov/pubmed/26705331
http://m.tropej.oxfordjournals.org/content/53/2/103.short
http://m.tropej.oxfordjournals.org/content/53/2/103.short
https://doi.org/10.1093/tropej/fmv089
http://www.ncbi.nlm.nih.gov/pubmed/26705331
http://www.ijsk.org/ijrmhs.html
http://www.ijsk.org/ijrmhs.html
http://journals.lww.com/00006454-200901001-00003
https://doi.org/10.1097/INF.0b013e3181958769
https://doi.org/10.1097/INF.0b013e3181958769
http://www.ncbi.nlm.nih.gov/pubmed/19106757
https://doi.org/10.1371/journal.pone.0242275

