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Introduction

Neonatal Sepsis (NS) is defined as a systemic inflammatory

Abstract

Background: Neonatal Sepsis (NS) is a major cause of neonatal morbidity
and mortality, particularly in developing countries. Delays in the identification
and treatment of NS are the main contributors to the high mortality. This study
aims to identify risk factors for NS in newborns in the two university hospitals in
Lubumbashi, in the Democratic Republic of Congo.

Methods: This hospital-based case-control study was carried out on 486
mother-newborn pairs using the systematic sampling method during November
2019 to October 2020. Data were analyzed using STATA software (version 15).
Binary and multivariable logistic regression analyses were computed to identify
the associated factors at 95% ClI.

Results: A total of 162 cases and 324 controls were included in this study.
Multiple logistic regression analysis showed that the possible risk factors for
NS in this study were low level of education (AOR=9.16 [2.23-37.67]), maternal
genitourinary tract infections (AOR=42.59 [17.90-101.37]), premature rupture
of membranes (AOR=19.95 [7.27-54.76]), peripartum fever (AOR=26.25
[2.31-297.83]), prolonged labor (AOR=14.16 [3.88-51.71]), cesarean section
(AOR=3.57 [1.48-8.61]), obstructed vaginal delivery (AOR=13.40 [1.32-
136.19]), birth weight <1500 grams (AOR=70.38 [8.64-572.95]), and between
1500-2500 grams (AOR=7.90 [3.04-20.52]).

Conclusion: The study found that maternal and neonatal factors were
strongly associated with the risk of developing NS. The present study suggests
the possibility of routine assessment of sepsis in newborns born with the above
characteristics.

Keywords: Neonatal sepsis; Maternal risk factors; Neonatal risk factors;
Lubumbashi

In Lubumbashi (in the Democratic Republic of Congo [DRC]),
a recent study reported that prematurity (50%), infection (21%) and
respiratory distress (11.5%) are the most common causes of death in
newborns [6]. There are a number of factors including maternal, fetal,
and environmental factors that contribute to the occurrence of sepsis
during neonatal life [7,8]. A study in Ethiopia also reported that
maternal history of urinary tract infection or sexually transmitted
infection, place of delivery, Premature Rupture of Membranes

response syndrome in the presence or following a suspected
or confirmed infection with or without associated bacteremia,
documented by a positive blood culture during the first 28 days of
life [1-3]. Globally, NS contributes significantly to neonatal morbidity
and mortality and is a major public health challenge [4]. In 2019,
according to global estimates, 2.4 (2.3-2.7) million newborns died
within 28 days of birth [5]. The leading causes of neonatal death
worldwide are infections (35%), premature births (28%), intrapartum
complications (24%) and asphyxia (23%). In developing countries,
sepsis is the most common cause of neonatal death each year and
is probably responsible for 30-50% of all neonatal deaths [3,4]. The
survival of newborns is a matter of great concern to the world and
specially to developing countries.

(PROM), intrapartum fever, low Apgar score at the 5th minute and
so not crying immediately at birth have been identified as possible
independent risk factors for NS [9]. The clinical signs in NS are
nonspecific and can be found in several non-infectious clinical
pictures. Thus, it is essential to identify the risk factors for NS early
in order to allow diagnostic orientation and treatment aimed at
reducing neonatal morbidity and mortality. The implementation of
some clinical approaches is also effective in reducing the incidence
of NS [3,10].

Despite the considerable burden of NS in our context, no study
has been conducted to identify associated factors of NS in newborns
in Lubumbashi. Therefore, this study aims to identify risk factors for
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NS in newborns in the two university hospitals in Lubumbashi, in
the DRC.

Methods
Study design and settings

This is a case-control study conducted in the two university
hospitals of Lubumbashi (University Clinics and Sendwe Hospital) in
Haut-Katanga province in the DRC from November 2019 to October
2020. These hospitals provide preventive, curative and promotional
health care services to the population of the city of Lubumbashi and
its surroundings and serve as a point of reference for medical training
and health centers throughout the province.

Study population

The study included any newborn admitted to the neonatal
intensive care units of these hospitals with the diagnosis of sepsis. In
this study, NS is asserted when a medical diagnosis of the newborn
is declared as ‘neonatal sepsis’ by the physician in the newborn’s
medical record. The recruitment of participants followed the oral
consent of their mother. The control group consisted of newborns
admitted for other pathology other than NS and who did not present
with sepsis during their hospital stay. For each case, two controls were
recruited within 24 hours of admission of the case.

Study participants included 486 mother-newborn pairs
(including 162 cases and 324 controls) who were admitted to neonatal
intensive care units of these two hospitals during the study period and
consented to participate in the study. The study recruited newborns
from birth to 28 days old. There were no newborns admitted two or
more times during the study period.

Data collection

Data were collected using a prepared questionnaire (to collect
study variables from the study population) after examining different
literatures. This questionnaire was divided into three sections,
including a section containing maternal socio-demographic
characteristics, another section containing maternal history and a
final section containing neonatal information. Two days of training
were given to five data collectors (two pediatric resident physicians
and two nurses) and a supervisor (pediatrician) prior to the start of
data collection. The data were checked for completeness and accuracy
during data collection. Close supervision of the trained data collectors
was provided by the research team coordinator who provided on-site
advice and feedback to the data collectors on a daily basis.

Admission diagnosis for newborns was obtained from the
consultation sheet prepared by a pediatrician. Data collectors verify
the diagnosis of NS with the medical record of the newborn being
examined to make the final clinical diagnosis of NS before collecting
the data. This clinical diagnosis was supplemented by the iterative
determination of the C-reactive protein to a significant threshold >20
mg/L from the 24th hour after suspicion of sepsis.

The World Health Organization criteria were applied to assess
newborns for clinical sepsis. The clinical features for making a clinical
diagnosis of NS used by these criteria are as follows: neurological
disorders and behavioral changes (convulsions, coma, refusal to
suck, irritability, hypotonia, etc.), respiratory distress (tachypnea,

bradypnea, intercostal indrawing, expiratory groaning, etc.),

modification of the coloration of integuments (jaundice, earthy
complexion, central cyanosis, skin mottling, etc.), thermoregulation
disorders (high temperature >38°C, hypothermia <35.5°C), digestive
disorders (severe abdominal distension, vomiting, diarrhea), one or
more localized signs of infection [11,12].

Data analysis

Data were entered after defining the variables and analyzed
using STATA software version 15.0. Variables were categorized and
summarized in percentages and proportions. Binary analysis was
performed. A Crude Odds Ratio (COR) along with a 95% confidence
interval (95% CI) were used to determine the existence of an
association between NS and various independent variables, including
maternal and neonatal factors. Then, multivariate logistic regression
was used to decrease the effect of confounding factors. An adjusted
odds ratio (AOR) with a 95% CI was used to measure the degree of
association between the variables. Statistical significance was declared
with a p-value less than 0.05.

Ethical considerations

Ethics clearance was obtained from the medical ethics committee
of the University of Lubumbashi (Approval number: UNILU/ CEM/
038/ 2019). After explaining the purpose and possible benefit of the
study, permission to collect data was obtained from medical directors
and heads of neonatal intensive care units of these two hospitals. The
privacy of the respondent and the confidentiality of information were
ensured throughout the study procedure.

Results

In the present study, a total of 162 newborns who had sepsis
(cases) with their mothers and 324 newborns who did not have sepsis
(controls) with their mothers were included.

Table 1 presents risks associated with the different maternal
socio-demographic variables studied, specifying the COR and the
95% CI for the bivariate analysis.

In bivariate analysis, the risk of NS in a newborn child increased
significantly in women aged less than 20 years (COR=3.08), in
single women (COR=3.20), in women of primary education level
(COR=7.14) and secondary education level (COR=2.19).

Regarding maternal history, six variables showed a significant
overall effect on the risk of NS at the 5% significance level in
bivariate analysis (Table 2). The study revealed that chorioamnionitis
(COR=28.01), peripartum fever (COR=18.89), genitourinary tract
infections (COR=16.43), PROM (COR=14.84), prolonged labor
(COR=13.56) and meconium amniotic fluid (COR=2.41) had a very
significant association with the risk of NS (p<0.001).

Applying a bivariate analysis, the following neonatal variables
showed a very highly significant effect on the risk of NS: gestational
age <37 weeks (COR=14.42 [7.08-29.39]; p<0.0001), a birth weight
<1500 (COR=30.34 [8.90-103.40]; p<0.0001) and between 1500-2499
grams (COR=7.97 [4.80-13, 26]; p <0.0001), and an Apgar score <7 at
the first minute (COR=6.35 [3.25-12.44]; p<0.0001). The likelihood
of developing NS was 2.95 times higher in babies born by cesarean
section (COR=2.95 [1.79-4.85]; p<0.0001) than in newborns born
eutocically vaginally (Table 3).
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Table 1: Unadjusted association between neonatal sepsis and socio-demographic characteristics of mothers.

Neonatal sepsis
Variable Yes No Crude OR [95% CI] p-value
(n=162) (n=324)
Maternal age
<20 years 28 17.28% 20 6.17% 3.08 [1.66-5.72] 0.0002
20-34 years 104 64.20% 229 70.68% Reference
235 years 30 18.52% 75 23.15% 0.88[0.54-1.43] 0.606
Marital statut
Single 15 9.26% 10 3.09% 3.20 [1.41-7.30] 0.003
Married 147 90.74% 314 96.91% Reference
Parity
Primiparous 49 30.25% 89 27.47% 1.14[0.76-1.73] 0.522
Multiparous 113 69.75% 235 72.53% Reference
Education level
Primary 20 12.35% 9 2.78% 7.14 [3.09-16.50] <0.0001
Secondary 81 50.00% 119 36.73% 2.19 [1.46-3.27] 0.0001
Higher/University 61 37.65% 196 60.49% Reference
Profession
Student 3 1.85% 4 1.23% 1.84[0.32-9.65] 0.423
Functionary 21 12.96% 52 16.05% Reference
Liberal 29 17.90% 60 18.52% 1.20[0.61-2.35] 0.6
Housewife 109 67.28% 208 64.20% 1.30 [0.74-2.26] 0.358
Table 2: Unadjusted association between neonatal sepsis and obstetric history.
Neonatal sepsis
Yes No Crude OR [95% CI] p-value
(n=162) (n=324)

Chorioamnionitis
Yes 13 8.02% 1 0.31% 28.01 [4.14-606.22] <0.00001
No 149 91.98% 323 99.69% Reference
Peripartum fever
Yes 9 5.56% 1 0.31% 18.89 [2.59-835.28] 0.0003
No 153 94.44% 323 99.69% Reference
Genitourinary tract infections
Yes 69 42.59% 14 4.32% 16.43 [8.84-30.52] <0.00001
No 93 57.41% 310 95.68% Reference
Premature rupture of membranes
Yes 52 32.10% 10 3.09% 14.84 [7.29-30.21] <0.00001
No 110 67.90% 314 96.91% Reference
Prolonged labor
Yes 33 20.37% 6 1.85% 13.56 [5.55-33.13] <0.00001
No 129 79.63% 318 98.15% Reference
Meconium amniotic fluid
Yes 41 25.31% 40 12.35% 2.41[1.48-3.91] 0.0003
No 121 74.69% 284 87.65% Reference
Hypertension
Yes 15 9.26% 32 9.88% 0.93[0.49-1.77] 0.828
No 147 90.74% 292 90.12% Reference
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Table 3: Unadjusted association between neonatal sepsis and neonatal characteristics.

Neonatal sepsis
Variable Yes No Crude OR [95% CI] p-value
(n=162) (n=324)
Gestational age
<37 weeks 51 31.48% 10 3.09% 14.42 [7.08-29.39] <0.0001
237 weeks 111 68.52% 314 96.91% Reference
Sex
Male 84 51.85% 174 53.70% 0.93[0.64-1.35] 0.699
Female 78 48.15% 150 46.30% Reference
Birth weight
<1500 grams 24 14.81% 3 0.93% 30.34 [8.90-103.40] <0.0001
1500-2499 grams 61 37.65% 29 8.95% 7.97 [4.80-13.26] <0.0001
22500 grams 7 47.53% 292 90.12% Reference
Apgar score at the first minute
<7 34 20.99% 13 4.01% 6.35 [3.25-12.44] <0.0001
7 128 79.01% 311 95.99% Reference
Mode of delivery
Obstructed vaginal delivery 4 2.47% 4 1.23% 2.45[0.45-13.39] 0.195
Cesarean section 42 25.93% 35 10.80% 2.95[1.79-4.85] <0.0001
Eutocical delivery 116 71.60% 285 87.96% Reference
Many variables that were significantly associated with NS during  Djiscussion

the bivariate analysis were not significantly associated during the
multivariate analysis. Education level, mode of delivery, PROM,
peripartum fever, genitourinary tract infections, prolonged labor, and
birth weight were significantly associated with NS in multiple logistic
regression (Table 4).

Educational level was independently associated with NS.
Newborns of mothers with primary education level were more likely
to develop NS than newborns of mothers with higher education level
(AOR=9.16).

The present study showed that newborns born to mothers who
had genitourinary tract infections during pregnancy were 43 times
more likely to develop sepsis compared to newborns born to mothers
who had not had genitourinary tract infections during pregnancy
(AOR=42.59).

Likewise, an increased risk of NS was noted in newborns of
mothers with a history of peripartum fever compared to newborns
of mothers without peripartum fever (AOR=26.25). The likelihood of
NS independently increased in newborns whose mothers had PROM
(AOR=19.95) and in newborns whose mothers had prolonged labor
(AOR=14.16). Newborns born by cesarean section and obstructed
vaginal delivery were 13 times and 3 times more likely to develop
sepsis, respectively, than newborns born via the eutocical delivery
(AOR=13.40 and AOR=3.57).

Birth weight has been shown to be significantly associated with
the risk of developing NS. The odds of having NS in infants <1500
grams and 1500-2500 grams were 70 and 8 times higher, respectively,
than in infants 22500 grams (AOR=70.38 and AOR=7.90).

The present study made it possible to establish the independent
nature of the risk factors for NS in Lubumbashi. The factors
identified are low educational level, PROM, maternal genitourinary
tract infections during pregnancy, peripartum fever, prolonged
or obstructed labor, cesarean section, and low birth weight (<2500
grams).

Low educational level was a significant risk factor for NS. This
agrees with the conclusions of Shah et al. [13] who observed that
maternal literacy was linked to NS. Compared to their illiterate
counterparts, women with a higher educational level are more likely
to better understand childcare and hygiene issues [14], seek health
care and influence content of their care through their requests and
adherence to the opinion of the healthcare worker [15].

In the present study, 42.6% of cases were born to mothers who
had a history of genitourinary tract infections during pregnancy
with a higher likelihood of developing sepsis compared to newborns
to mothers who had no genitourinary tract infection (AOR=42.6).
This finding is consistent with those made by several authors who
have reported that maternal genitourinary tract infections were an
important factor in the development of NS [3,7,9,16,17]. This could
be explained by the fact that, if they are not treated during the third
trimester of pregnancy, maternal genitourinary tract infections
can be associated with NS following colonization of the birth canal
by infectious agents [9,16]. In addition, they are also involved in
the occurrence of PROM, through the secretion of proteinases
which increase the degradation of the extracellular matrix of fetal
membranes, which explains their weakening [15].
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Table 4: Multiple logistic regression of risk factors for neonatal sepsis in newborns
in Lubumbashi.

Variable AOR t-value | p-value [95% ClI]
Maternal age
<20 years 1.04 0.06 0.954 [0.27-3.95]
20-34 years Reference
235 years 0.807 -0.5 0.619 [0.35-1.88]
Marital statut
Married Reference
Single 0.21 -1.96 0.05 [0.04-1.00]
Education level
Primary 9.16 3.07 0.002 | [2.23-37.67]
Secondary 1.53 1.15 0.25 [0.74-3.15]
Higher / University Reference
Premature rupture of
membranes
No Reference
Yes 19.95 5.81 | <0.00001 [7.27-54.76]
Genitourinary tract infections
No Reference
Yes 42.59 8.48 | <0.00001 [17.90-101.37]
Prolonged labor
No Reference
Yes 14.16 4.01 | <0.00001 [3.88-51.71]
Peripartum fever
No Reference
Yes 26.25 2.64 0.008 [2.31-297.83]
Chorioamnionitis
No Reference
Yes 5.85 1.42 0.155 [0.51-66.68]
Meconium amniotic fluid
No Reference
Yes 1.12 0.24 0.812 [0.45-2.76]
Gestational age
<37 weeks 1.64 0.72 0.469 [0.43-6.30]
237 weeks Reference
Mode of delivery
Eutocical delivery Reference
Obstructed vaginal delivery 13.4 2.19 0.028 | [1.32-136.19]
Cesarean section 3.57 2.83 0.005 [1.48-8.61]
Birth weight
<1500 grams 70.38 3.98 | <0.00001 | [8.64-572.95]
1500-2499 grams 7.9 4.24 | <0.00001  [3.04-20.52]
22500 grams Reference
Apgar score at the first minute
<7 131 0.39 0.697 [0.34-4.98]
7 Reference

PROM and prolonged labor increase the risk of microorganisms
rising from the birth canal to the amniotic sac and the fetus, frequently
leading to sepsis [9]. Thus, newborns are at risk of ascending infection
which would be caused by vertical transmission from an infected
mother. In the present study, PROM and prolonged labor were found
to be significant independent factors of NS. Our results showed that
newborns to mothers with a history of PROM had a 20-fold increased
risk of developing NS. This finding was consistent with those
observed in previous studies conducted in different regions of the
world [8,9,11,18]. Birth is a period of sudden transition from a highly
protected environment (amniotic cavity) to exposure to a wide range
of pathogens ex utero. During parturition, the newborn comes in
direct contact with maternal blood or genital secretions, and neonatal
infections can result, especially with prolonged or premature rupture
of membranes [19].

Prolonged labor (AOR=14.16 [3.88-51.71]) and obstructed
vaginal delivery (AOR=13.40 [1.32-136.19]) were predictors of NS
in the present study. Similarly, a review of the literature by Abate et
al. [17] reported that prolonged or obstructed labor was associated
with NS. As demonstrated in a Ugandan study, this finding could
be explained by the fact that the number of hours of labor was a
significant independent risk factor for vaginal colonization in women
with prolonged or obstructed labor [20].

In the present study, newborns born to mothers who had a
peripartum fever were 26 times more likely to develop sepsis than
newborns born to mothers who did not have a peripartum fever.
Peripartum fever showed a significant effect on the development of
NS. This is consistent with previous studies in Ethiopia and Pakistan
[9,21]. Intrapartum fever indicates maternal infections that are
frequently transmitted to the newborn in utero or during passage
through the duct, which usually causes early sepsis [9,22].

As found in previous studies [18,23,24], our study also showed
that the likelihood of developing sepsis in newborns born by cesarean
section was more likely to develop sepsis than their counterparts.
Contrary to our results, Siakwa et al. [25] found that the mode of
delivery was not statistically associated with NS. Newborns born by
cesarean section are not exposed to vaginal and fecal bacteria, but
are more exposed to nosocomial infections; they often experience
extended hospital stays and late initiation of breastfeeding [18,26].
According to Mugadza et al. [27], the late initiation of breastfeeding
after cesarean section would deprive the newborn of the protective
effect of colostrum against various pathogens and its ability
to provide immunity to the newborn. This would make these
newborns vulnerable to nosocomial infections due to their reduced
immunological profile.

Our study describes a strong association between low birth
weight and NS. The multivariate analysis of risk factors for neonatal
sepsis proven by Geyesus et al. [23], demonstrated a statistically
significant association with lo w birth weight. Similar results have also
been observed in other previous studies [25,28]. At birth, a newborn’s
immune system remains immature. Some protection is provided by
maternal antibodies (IgG) crossing the placenta. This process is less
complete in low birth weight, especially if it is premature. In addition,
premature infants are more likely to require invasive procedures
(umbilical catheterization and intubation) and have a long stay. Poor
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practices and failure to follow guidelines by healthcare professionals
during resuscitation can predispose the newborn to a higher risk of
developing sepsis.

The results of the present study should be interpreted with
certain limitations. First, due to the nature of the case-control
study, the temporal relationship of events between the explanatory
variables and NS cannot be determined. Recall bias also has potential
limitations that could have affected the accuracy of the information.
Second, given that the study is carried out among newborns
admitted to tertiary hospitals (mainly in urban settings), the results
may not be generalizable to the general population. Finally, lack of
microbiology, diagnosis by different caregivers could lead to errors in
the identification of cases and controls in the study.

Conclusion

This study established a strong association between NS and the
following: low level of education, PROM, maternal genitourinary
tract infections during pregnancy, peripartum fever, prolonged or
obstructed labor, cesarean section, and low birth weight. The present
study suggests the possibility of routine assessment of sepsis in
newborns born with the above characteristics. Thus, to help identify
risk factors and appropriate interventions to reduce the occurrence of
NS, it is important to encourage the use of antenatal care services by
mothers and to promote obstetric-pediatric collaboration.
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