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ABSTRACT

Objectives To identify the risk factors for neonatal sepsis
in Sub-Saharan Africa.

Design Systematic review and meta-analysis.

Data sources PubMed, Embase, Web of Science, African
Index Medicus and ClinicalTrials.gov were searched for
observational studies from January 2010 to August 2020.
Setting Sub-Saharan Africa, at all levels of healthcare
facilities.

Participants ‘Neonates’ (<28 days of age) at risk of
developing either clinical and/or laboratory-dependent
diagnosis of sepsis.

Outcome measures |dentification of any risk factors for
neonatal sepsis.

Results A total of 36 studies with 23605 patients from
secondary or tertiary level of care facilities in 10 countries
were included. Six studies were rated as good quality, 8

as fair and 22 as poor. Four studies were omitted in the
meta-analysis due to insufficient data. The significant

risk factors were resuscitation (OR 2.70, 95% Cl 1.36 to
5.35), low birth weight <1.5kg (OR 3.37, 95% Cl 1.59 to
7.13) and 1.5-2.5kg (OR 1.36, 95% Cl 1.01 to 1.83), low
Apgar score at the first minute (OR 3.69, 95% Cl 2.34 to
5.81) and fifth minute (OR 2.55, 95% Cl 1.46 to 4.45),
prematurity <37 weeks (OR 1.91, 95% Cl 1.27 to 2.86), no
crying at birth (OR 3.49, 95% CI 1.42 to 8.55), male sex
(OR 1.30, 95% CI 1.01 to 1.67), prolonged labour (OR 1.57,
95% Cl 1.08 to 2.27), premature rupture of membranes
(OR 2.15,95% Cl 1.34 to 3.47), multiple digital vaginal
examinations (OR 2.22, 95% Cl 1.27 to 3.89), meconium-
stained amniotic fluid (OR 2.72, 95% Cl 1.58 to 4.69),
intrapartum maternal fever (OR 2.28, 95% Cl 1.18 t0 4.39),
foul-smelling vaginal discharge (OR 3.31, 95% Cl 2.16 to
5.09) and low socioeconomic status (OR 1.93, 95% Cl 1.11
to 3.35). We found considerable heterogeneity in the meta-
analysis of 11 out of 15 identified risk factors.

Conclusion Multiple risk factors for neonatal sepsis in
Sub-Saharan Africa were identified. We revealed risk
factors not listed by the WHO guidelines. The included
studies overall had high risk of bias and high heterogeneity
and thus, additional research of high quality is needed.
PROSPERO registration number CRD42020191067.

INTRODUCTION

The Millennium Development Goals from
1990 identified newborn health as a key
priority for global development." The global

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This systematic review and meta-analysis has a
high number of included studies (36) as well as a
large sample size (23 605 neonates).

= This systematic review has a broad search strategy,
with a meta-analysis performed on 33 risk factors.

= Heterogeneity in the study design of the included
studies is a limitation.

= The overall high risk of bias in the included studies
is a limitation.

neonatal mortality rate has decreased by 37%,
from 33 to 21 deaths per 1000 live births since
then.? In 2016, the Sustainable Development
Goals (SDGs) were announced.’ SDG goal 3
aims to ensure healthy lives and promote well-
being for all at all ages, and includes subtarget
3.2: by 2030, to end preventable deaths of
newborns and children under 5 years of age,
with all countries aiming to reduce neonatal
mortality to at least 12 per 1000 live births and
under-5 mortality to at least as low as 25 per
1000 live births.? However, today a child born
in Sub-Saharan Africa is still 10 times more
likely to die in the first month compared
with a child born in a high-income country.*
In 2018, 2.5million children died within
the first 28 days of life globally.* In the same
year, countries in Sub-Saharan Africa had the
highest mortality, with 28 neonatal deaths per
1000 live births.**

The majority of the 2.5million neonatal
deaths in 2018 worldwide can be divided
into three main causes, each contributing
approximately one-third to neonatal deaths:
infections, intrapartum  asphyxia and
preterm birth complications.”” However, the
causes of neonatal death vary among coun-
tries and regions.” In countries with high
neonatal mortality, almost 50% of deaths are
due to severe infection with sepsis, making
sepsis a leading cause of admissions and
deaths in neonatal units in low-income and
middle-income countries (LMICs).” ® The
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Sub-Saharan African region includes some of the highest
rates of neonatal mortality due to neonatal sepsis, yet
prevention strategies are and remain unsatisfactory.’
Improved understanding of the underlying causes of
neonatal sepsis is necessary to optimise prevention and
management guidelines. Evidence from reviews of risk
factors has been used globally to guide the development
of management guidelines and prevention strategies for
neonatal sepsis.” The WHO recommends prophylactic
antibiotics to newborns within 48 hours after delivery
if membranes ruptured >18hours before delivery, the
mother had fever >38°C before delivery or during labour,
or the amniotic fluid was foulsmelling or purulent.’
However, there might be discrepancies in the risk factors
in different parts of the world. In a paper from 2020 on
neonatal mortality, the authors conclude that there is a
need to develop clinical guidelines for prevention and
management of neonatal sepsis that are specific to the
Sub-Saharan African context."’

Multiple studies aiming to identify the risk factors for
neonatal sepsis have been performed in Sub-Saharan
Africa during the last 10 years. With this systematic review
and meta-analysis, we aim to provide quality evidence to
identify the risk factors for neonatal sepsis in Sub-Saharan
Africa. To the best of our knowledge, this is the first
systematic review and meta-analysis to address neonatal
risk factors for sepsis in the Sub-Saharan African context.

METHODS AND MATERIALS

This systematic review with meta-analysis has been
reported in accordance with the ‘Preferred Reporting
Items for Systematic reviews and Meta-analysis’ guide-
lines (online supplemental appendix 1)."" A protocol
(online supplemental appendix 2) was developed for
our review in accordance with the ‘Preferred Reporting
Items for Systematic reviews and Meta-analysis protocols’
guidelines.' Tt was registered on 12 July 2020 with the
‘International prospective register of systematic reviews
PROSPERO’ (ID: CRD42020191067), which can be
accessed on its website (https://www.crd.york.ac.uk/
prospero/display_record.php?ID=CRD42020191067).

Search strategy and selection criteria

A comprehensive search strategy including all possible
risk factors for neonatal sepsis in Sub-Saharan Africa
was developed in cooperation with subject experts and
an information scientist. Free text and database-specific
subject headings were included. Publication date was
restricted to 1 January 2010-7 August 2020 and language
was restricted to English. A search strategy was first devel-
oped for PubMed (online supplemental appendix 3) and
subsequently adapted in other databases.

One author (CMB) searched PubMed, Embase, Web of
Science (Clarivate Analytics) and African Index Medicus
(accessed through the WHO) for published materials.
ClinicalTrials.gov was searched for ongoing trials (grey
literature). Additionally, the reference lists of the included

studies were screened for potentially relevant studies.

Systematic reviews and literature reviews were excluded

from this systematic review, but the reference lists of these

were screened as well. The authors of published abstracts
were furthermore contacted to identify the full studies.
The following were the inclusion criteria:

> Neonates (<28days of age) with sepsis,” that is, septi-
caemia/sepsis, pneumonia, meningitis, osteomyelitis,
arthritis, urinary tract infections, malaria and candid-
iasis. Sepsis could be either clinical or laboratory-
dependent diagnosis.

» Reported on one or more risk factor for neonatal
sepsis.

» Observational prospective and/or retrospective
analytical design, reporting on two outcome groups:
one with sepsis and one without sepsis.

» For inclusion in the meta-analysis, studies had to
present quantitative data on the two above-mentioned
outcome groups and the risk factors had to be
reported on in at least three studies or found to be
significant factors in at least two studies.

Data extraction

One author (CMB) screened the studies in Covidence (
www.covidence.com) in the title stage. Two authors inde-
pendently performed abstract screening and full-text study
selection, where both authors had to approve the inclusion
of the study in the systematic review. Disagreements during
full-text study selection were resolved by discussion and
consensus was reached in the presence of senior authors
(AP and SL). If needed data were missing (eg, full article
or raw data for meta-analysis), the authors were contacted
in order to obtain the data. A predesigned extraction
tool, specific to this review, was developed in Excel. This
tool included study identification, location, study period,
setting, definition of a neonate, definition of early-onset
and late-onset neonatal sepsis (EONS and LONS), study
design, sample size associated with risk factors, risk factors
examined (neonatal and/or maternal), and limitations in
relation to our review’s objective (eg, studies only exam-
ining risk factors for EONS). Only unadjusted/‘raw’ data
were pooled in the meta-analysis.

Quality assessment

Two authors (CMB and CNS) independently performed
quality assessment of the included studies using the
National Heart, Lung, and Blood Institute’s (NHLBI)
‘Quality Assessment of Case-Control Studies’ and ‘Quality
Assessment Tool for Observational Cohort and Cross-
Sectional Studies’."”” '* If the study design was unclear/
poorly reported but the study reported data with a
comparison group, we classified the study design as either
‘prospective’ (data collected when the neonate was in the
neonatal unit) or ‘retrospective’ (data collected after the
neonate had been discharged from the neonatal unit).
We assessed each study on its own based on the details
reported and considered the concepts for minimising the
risk of bias. Discrepancies were resolved by discussion and
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consensus in the presence of senior authors (CHH, AP
and SL) for all the above procedures. Covidence iden-
tified duplicate data and the duplicates were manually
checked by CNS.

Statistical analysis

For the meta-analysis, a forest plot was created according
to a random effects model. We chose the random effects
model over the fixed effects model because it accounts
for variations between studies, which we expected due
to significant differences in the methodology, design of
the studies as well as the different healthcare resources. '’
ORs with 95% CIs were presented in the meta-analysis for
dichotomous data (eg, sepsis vs no sepsis). The degree
of heterogeneity across studies was determined using the
I-test, with I? values of 25% or less, 25%-75% and 75%
or greater representing low, moderate and high incon-
sistency, respectively. P<0.05 was considered statistically
significant. All statistical calculations were performed
with the assistance of a statistician using Review Manager
(V.5.4.1; The Cochrane Collaboration).

Patient and public involvement

To our experience from different settings in Sub-Saharan
Africa, it is an important issue for the quality of patient
treatment to follow guidelines and therefore to have rele-
vant, updated guidelines for health workers to follow. This
is what the research question of this study is based on. As
it is a systematic review, there are no direct study partici-
pants, but we will disseminate the results on international
conferences and to WHO and other stakeholders.

RESULTS
A total of 6168 titles were screened after excluding 2674
duplicate records. Of these, 6083 were excluded based on
screening of abstracts. The remaining 85 studies under-
went full-text assessment for eligibility. Five of these were
only available as an abstract online and we requested full
text from the authors but only one author replied. Thir-
ty-six full texts met the inclusion criteria of our review after
discussion with senior authors and reaching consensus.
Reasons for exclusion of 49 full-text records were other
focus of study design (eg, not examining risk factors for
sepsis) (n=8), wrong patient population/not neonates/
no subgroup analysis (n=15), other outcomes/no risk
factors studied (n=16), location not according to the
protocol setting (eg, not in Sub-Saharan Africa or not in
a hospital) (n=4), no full text (n=5) and duplicate (n=1).
All included studies were published in peer-reviewed jour-
nals. The study selection process is illustrated in figure 1.
All the 36 included studies were of observational
study design. Twenty-eight studies were prospective (five
cohort, six case—control, eleven cross-sectional studies
and six studies of unclear/mixed unspecified design),
seven were retrospective (three case—control studies,
three cross-sectional studies and one study of unspec-
ified design) and one was combined prospective and

retrospective. The total sample size was 23605 neonates
(range: 100'°-8129' %) and of these 4014 were diag-
nosed with sepsis. Ten studies reported the use of clinical
guidelines for defining/diagnosing neonatal sepsis, while
26 studies required laboratory testing (eg, positive blood
culture or haematological criteria) to establish the diag-
nosis of neonatal sepsis. All studies were conducted in
secondary or tertiary level of care hospitals. The included
studies were conducted in 10 different Sub-Saharan
African countries, with majority of the studies conducted
in Nigeria (n=10) and Ethiopia (n=10) (figure 2). The
minimum study duration was 32 days'’ and the maximum
was 7 years and 6 months.*’

Some of the included studies had a narrowed approach;
for example, some studies only examined one or a few
risk factors, and some studies only examined a narrowed
population (ie, babies born before arrival). There were
variations in defining EONS and LONS, with EONS
ranging from 48 hours to 7days. The characteristics of
the included studies are provided in table 1.

According to the the NHLBI quality assessment, 6
studies were rated as good, 8 were rated as fair and 22 were
rated as poor (online supplemental appendix 4, table 1).
No studies were excluded after quality assessment.

Risk factors were classified as neonatal, maternal or
sociodemographic factors in our review. A total of 60 risk
factors were reported. Twenty-seven studies examined
both neonatal and maternal risk factors.

Meta-analysis

Thirty-two studies were included in the meta-analysis

(n=22731 neonates). For each risk factor, a meta-analysis

with adjacent forest plot was performed (not shown).

The number of studies and patients in the meta-analysis

ranged from 3 studies and 832 patients to 21 studies with

14245 patients. The 33 examined risk factors are provided

in table 2.

Four studies’ **** did not provide sufficient data
needed to conduct meta-analysis and we did not obtain
these data after contacting the authors. These studies
were therefore not included in the meta-analysis. Further-
more, some studies did not provide sufficient data for all
of the examined risk factors in the studies.

The following neonatal risk factors were found
significant':

» Resuscitation at birth (12 studies and 3363 patients)
increased the risk of sepsis (OR 2.70, 95% CI 1.36 to
5.35), but with a considerable I? (92%).

» Birth weight <1.5kg (7 studies, 10 482 patients)
increased the risk of sepsis (OR 3.37, 95% CI 1.59 to
7.13), but with a considerable 1% (83%).

» Birth weight 1.5-2.5kg (16 studies and 5151 patients)
increased the risk of sepsis (OR 1.36, 95% CI 1.01 to
1.83), but with a considerable 1% (76%).

» Low Apgar score at the first minute (7 studies and
2647 patients) increased the risk of sepsis (OR 3.69,
95% CI 2.34 to 5.81), but with a considerable I? (77%).
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PRISMA 2009 Flow Diagram
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Figure 1 PRISMA 2009 flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.

» Low Apgar score at the fifth minute (12 studies
and 4185 patients) increased the risk of sepsis (OR
2.55,95% CI 1.46 to 4.45), but with a considerable
¥ (90%).

» Prematurity <37 weeks (21 studies and 14 245 patients)
increased the risk of sepsis (OR 1.91, 95% CI 1.27 to
2.86), but with a considerable I (90%).

» No crying after birth (7 studies and 2772 patients)
increased the risk of sepsis (OR 3.49, 95% CI 1.42 to
8.55), but with a considerable I? (92%).

» Male sex (18 studies and 4984 patients) increased the
risk of sepsis (OR 1.30, 95% CI 1.01 to 1.67), but with
a moderate I (73%).

The following maternal risk factors were significant:

» Prolonged labour (11 studies and 11 190 patients)
increased the risk of sepsis (OR 1.57, 95% CI 1.08 to
2.27), but with a moderate I (73%).

» Premature rupture of membranes (PROM) (18
studies and 5620 patients) increased the risk of sepsis
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Figure 2 Location of the studies.
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(OR 2.15, 95% CI 1.34 to 3.47), but with a consider-
able 1% (88%).

Multiple digital vaginal examinations (3 studies
and 8684 patients) increased the risk of sepsis (OR
2.22.95% CI 1.27 to 3.89), but with a considerable
¥ (79%).

Meconium-stained amniotic fluid (8 studies and
10 108 patients) increased the risk of sepsis (OR
2.72,95% CI 1.58 to 4.69), but with a considerable
I* (84%).

» Intrapartum fever (10 studies and 2966 patients)
increased the risk of sepsis (OR 2.28, 95% CI 1.18 to
4.39), but with a considerable I? (84%).

» Foulsmelling vaginal discharge (4 studies and 1318
patients) increased the risk of sepsis (OR 3.31, 95% CI
2.16 to 5.09), with no I* heterogeneity.

The following sociodemographic risk factor was
significant:

» Low socioeconomic status (3 studies and 832 patients)
increased the risk of sepsis (OR 1.93, 95% CI 1.11 to
3.35), but with a moderate I? (62%).
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Birth weight <1,5 kg
+ sepsis - sepsis Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Adatara2018 9 67 17 316 14.5% 2.73 [1.16, 6.42] —_—
Adatara2019 11 103 36 797 15.4% 2.53 [1.24, 5.14]
Akalu2020 7 77 5 154 12.4% 2.98 [0.91, 9.72] T
Ekwochi2018 3 57 25 171 12.0% 0.32[0.09, 1.12] — T
Geyesus2017 40 117 6 134 14.2% 11.08 [4.49, 27.35] e —
Ogunlesi2011 37 119 29 241 16.3% 3.30[1.91, 5.71] —
Schrag2012 11 289 24 7840 15.3% 12.89 [6.25, 26.57] —_—
Total (95% Cl) 829 9653 100.0% 3.37 [1.59, 7.13] ‘
Total events 118 142
Heterogeneity: Tau? = 0.82; Chi* = 34.82, df = 6 (P < 0.00001); I> = 83% =0 o1 051 f 100'
Test for overall effect: Z = 3.17 (P = 0.002) Favours [experimental] Favours [control]
Low Apgar score in first minute
+ sepsis - sepsis Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Adatara2018 27 67 96 316 14.8% 1.55 [0.90, 2.66] T
Adatara2019 47 103 231 797 16.2% 2.06 [1.36, 3.12] —
Akalu2020 45 75 25 148 13.8% 7.38 [3.93, 13.87] —_—
Alemu2019 34 82 26 164 14.1% 3.76 [2.05, 6.90] .
Gebremedhin2016 31 78 12 156 12.5% 7.91 [3.76, 16.64] _——
Olorukooba2020 157 175 212 290 14.7% 3.21[1.85, 5.58] —_—
Siakwa2014 56 96 21 100 13.8% 5.27 [2.81, 9.88] e
Total (95% Cl) 676 1971 100.0% 3.69 [2.34, 5.81] L 2
Total events 397 623
Heterogeneity: Tau® = 0.29; Chi’* = 26.27, df = 6 (P = 0.0002); I> = 77% }0 o1 0}1 130 100'
Test for overall effect: Z=5.62 (P < 0.00001) Favours [experimental] Favours [control]
No crying right after birth
+ sepsis - sepsis Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Adatara2019 15 103 103 797 15.6% 1.15 [0.64, 2.06] e
Akalu2020 40 77 41 154 15.6% 2.98[1.68, 5.28] —
Alemu2019 44 82 17 164 15.3% 10.01 [5.16, 19.44] -
Gebremedhin2016 25 78 3 156 12.7% 24.06 [6.98, 82.93] —_—
Gudayu2019 90 321 24 183 15.9% 2.58 [1.58, 4.23] —
Olorukooba2020 35 172 87 289 16.0% 0.59 [0.38, 0.93] —
Siakwa2014 12 96 1 100 8.9% 14.14[1.80,111.03] >
Total (95% Cl) 929 1843 100.0% 3.49 [1.42, 8.55] -
Total events 261 276
Heterogeneity: Tau? = 1.25; Chi? = 76.39, df = 6 (P < 0.00001); I> = 92% ?0 o1 051 150 1005
Test for overall effect: Z = 2.73 (P = 0.006) Favours [experimental] Favours [control]
For foul smelling vaginal discharge
+ sepsis - sepsis Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Chiabi2011 0 0 0 0 Not estimable
Gebremedhin2016 7 78 5 156 13.2% 2.98 [0.91, 9.71] T
Olorukooba2020 19 175 13 290 34.5% 2.60 [1.25, 5.40] —
Siakwa2014 13 96 1 100 4.4% 15.51[1.99, 121.02] >
Yismaw2019 27 47 104 376 47.9% 3.53 [1.90, 6.57] —i—
Total (95% Cl) 396 922 100.0% 3.31 [2.16, 5.09] <o
Total events 66 123
Heterogeneity: Tau? = 0.00; Chi® = 2.76, df = 3 (P = 0.43); I = 0% :0 o1 051 150 1005

Test for overall effect: Z = 5.46 (P < 0.00001)

Favours [experimental] Favours [control]

Figure 3 Meta-analysis and forest plots of the four risk factors with the highest OR for neonatal sepsis.

The meta-analysis and forest plots of the four risk factors
with the highest OR for neonatal sepsis are provided
in figure 3. The Mantel-Haenszel (M-H) formula was
used for the analysis. We explored post-hoc for poten-
tial causes of heterogeneity via subgroup analyses in the
meta-analysis with substantial heterogeneity (I >75%),
but country, design (retrospective vs prospective design),

quality of study and publication year did not indicate a
significant difference.

DISCUSSION
It is of importance to prevent neonatal sepsis in order to
reduce neonatal mortality to at least as low as 12 per 1000
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live births in 2030, as specified by the SDG. One step is to
identify the risk factors for neonatal sepsis. In this system-
atic review and meta-analysis, we found that the signifi-
cant risk factors for neonatal sepsis in Sub-Saharan Africa
were resuscitation at birth, low birth weight (<1.5kg and
1.5-2.5kg), low Apgar score at the first and fifth minute,
prematurity <37 weeks, no crying right after birth, male
sex, prolonged labour, PROM, multiple digital vaginal
examinations, meconium-stained amniotic fluid, intra-
partum maternal fever, foul-smelling vaginal discharge
and low socioeconomic status. Male sex was found to be
a significant risk factor in the meta-analysis, even though
only 1 of the 23 studies which examined the association
found male sex to be a risk factor (table 2).

Our findings are to some extent in line with a litera-
ture review from 2009 on the risk factors for maternal
sepsis and EONS in Sub-Saharan Africa, where the most
common risk factors for EONS were identified as prema-
turity, PROM, maternal fever, low birth weight and diffi-
culties at delivery (obstructed labour or birth asphyxia).’
Our review and meta-analysis furthermore identified
resuscitation at birth, low Apgar score at the first and fifth
minute, no crying right after birth, male sex, prolonged
labour, multiple digital vaginal examinations, meconium-
stained amniotic fluid, foul-smelling vaginal discharge
and low socioeconomic status as risk factors. However, we
did not find birth asphyxia to be a risk factor. The review
from 2009 examined the risk factors for EONS only,
whereas our review and meta-analysis examined the risk
factors for both EONS and LONS. EONS is more likely
to reflect vertically acquired infections from the maternal
genital tract and consequently has a different aetiology
than LONS, different risk factors and potentially different
means of prevention.” Not all the included studies in our
review and meta-analysis differentiate between EONS
and LONS and there is no universal consensus on the
definitions.

When comparing our findings with a systematic review
and meta-analysis of risk factors for neonatal sepsis in
India from 2019, we also find that these are to some
extent in line. The review from India found that male
gender, outborn admission, need for artificial ventila-
tion, birth weight, delivery <37 weeks of gestation and
PROM were risk factors for neonatal sepsis.® Our review
and meta-analysis furthermore identified low Apgar score
at the first and fifth minute, no crying right after birth,
prolonged labour, multiple digital vaginal examinations,
meconium-stained amniotic fluid, intrapartum maternal
fever, foul-smelling vaginal discharge and low socioeco-
nomic status as risk factors. In our meta-analysis we did
not find outborn admission to be a risk factor. The differ-
ences between our findings and the findings from India
could indicate different risk factors in the two settings,
but it could also partly be due to structural differences
in the studies included. The Indian review included
13 studies with the diagnosis of neonatal sepsis based
on laboratory testing, whereas our review included 36
studies, with 26 studies based on a laboratory-dependent

diagnosis of neonatal sepsis and the remaining 10 studies
based on clinical diagnosis. Data from studies that used
clinical criteria exclusively to diagnose neonatal sepsis
were included in our review and meta-analysis due to
the fact that not all hospitals in Sub-Saharan Africa have
access to validate the sepsis diagnosis with laboratory
testing. Furthermore, the studies from the Indian review
were solely from hospitals in urban settings, whereas the
studies included in this review were conducted at both
rural and urban hospitals. Risk factors for neonatal sepsis
might be different in urban and rural settings.

Our findings add multiple risk factors to the risk factors
identified in the WHO’s universal guidelines. In our meta-
analysis we identify resuscitation at birth, low birth weight
(<1.5kg and 1.5-2.5kg), low Apgar score at the first and
fifth minute, prematurity <37 weeks, no crying right
after birth, male sex, prolonged labour, multiple digital
vaginal examinations, meconium-stained amniotic fluid
and low socioeconomic status as significant risk factors
for neonatal sepsis, none of which are mentioned in the
WHO guidelines. However, further research is needed to
confirm our findings and they do not necessarily imply
expansion of the WHO criteria for prophylactic antibi-
otics. That is, in our meta-analysis, male sex is a risk factor,
but we do not suggest treating all male children with
prophylactic antibiotics. If more risk factors were to be
treated with prophylactic antibiotics, the risk of overtreat-
ment should be kept in mind since it could lead to high
medical cost and use of resources and increased antibi-
otic resistance.” Alternative preventive strategies, such as
in-hospital observation of the newborn and measurement
of Creactive protein (CRP), are used in high-income
countries and could be feasible in some LMICs but also
challenging, for example, due to lack of resources. Future
research should focus on identifying the risk factors quali-
fying for preventive measures.

This systematic review and meta-analysis has several
strengths and limitations. The broad search strategy
and the combination of global and regional databases
reduced the risk of missing relevant regional studies and
ensured that the evidence in this review was derived from
different countries and different hospital settings. The
relatively high number of included studies is a strength.
However, the geographics of the included studies make
our findings not necessarily generalisable; Ethiopia
and Nigeria together accounted for more than 50% of
the included studies and many Sub-Saharan countries
are not represented in this review. Furthermore, the
countries in Sub-Saharan Africa differ in the level of
hospital expertise, hygiene and medical tools, as well as
in climate, diseases and bacteria, limiting the generalis-
ability of the review findings. Another limitation is that
the studies were heterogeneous; some were based on a
clinical diagnosis of sepsis, some laboratory-dependent,
some only examined limited populations, some were
retrospective and some were prospective. The studies
were also heterogeneous in regard to which risk factors
to investigate (table 2). This heterogeneity makes them
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not perfectly comparable and is thus a limitation. The
English language restriction is also a possible risk of bias
and is a limitation. Africa has 29 francophone countries
and it could be presumed that we could have missed rele-
vant studies written in French. However, a quick search
in PubMed with language restricted to French showed
105 studies, of which none was relevant to this review
based on their English abstracts. The greatest limitation
of this systematic review and meta-analysis is the overall
poor quality of the included studies. The study designs
used for risk factor analysis (eg, cross-sectional studies)
differ from experimental designs and are more prone to
bias.** Furthermore, multiple studies found some factors
to be significant risk factors for neonatal sepsis, but
when looking at the data, we found that the factors were
protecting factors. Despite email correspondence with
the authors, agreement was not obtained.

This systematic review and meta-analysis found multiple
risk factors for neonatal sepsis in Sub-Saharan Africa,
many of which are not on the WHO’s recommenda-
tions for prophylactic antibiotics. It has previously been
emphasised that there is a need to develop clinical guide-
lines for prevention and treatment of neonatal sepsis that
are specific to the Sub-Saharan African context'’ and our
review supports this notion. However, even though there
are already multiple studies on risk factors for neonatal
sepsis in Sub-Saharan Africa, there is a need for research of
higher quality in the future as well as research in different
settings in order to make presumptions, generalise on the
topic or make multinational recommendations for clin-
ical practice. National guidelines for Sub-Saharan African
countries might also be beneficial due to differences in
risk factors and bacterial agents among the countries. If
new guidelines are to be developed, the challenges to
implementation and resources should be kept in mind.
There are still too many preventable neonatal deaths in
LMICs, but with new preventive guidelines it might be
possible to save thousands of lives.
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