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ABSTRACT

Objective Risk factors predisposing infants to community-
acquired bacterial infections during the first 2 months of
life are poorly understood in South Asia. Identifying risk
factors for infection could lead to improved preventive
measures and antibiotic stewardship.

Methods Five sites in Bangladesh, India and Pakistan
enrolled mother—child pairs via population-based
pregnancy surveillance by community health workers.
Medical, sociodemographic and epidemiological risk
factor data were collected. Young infants aged 0-59 days
with signs of possible serious bacterial infection (pSBI)
and age-matched controls provided blood and respiratory
specimens that were analysed by blood culture and real-
time PCR. These tests were used to build a Bayesian
partial latent class model (PLCM) capable of attributing
the probable cause of each infant’s infection in the ANISA
study. The collected risk factors from all mother—child
pairs were classified and analysed against the PLCM using
bivariate and stepwise logistic multivariable regression
modelling to determine risk factors of probable bacterial
infection.

Results Among 63 114 infants born, 14655 were
assessed and 6022 had signs of pSBI; of these, 81%
(4859) provided blood samples for culture, 71% (4216)
provided blood samples for quantitative PCR (qPCR) and
86% (5209) provided respiratory gPCR samples. Risk
factors associated with bacterial-attributed infections
included: low (relative risk (RR) 1.73, 95% credible interval
(Crl) 1.42 to 2.11) and very low birth weight (RR 5.77,
95% Crl 3.73 to 8.94), male sex (RR 1.27,95% Crl 1.07 to
1.52), breathing problems at birth (RR 2.50, 95% Crl 1.96
to 3.18), premature rupture of membranes (PROMs) (RR
1.27,95% Crl 1.03 to 1.58) and being in the lowest three
socioeconomic status quintiles (first RR 1.52, 95% Crl 1.07
t0 2.16; second RR 1.41, 95% Crl 1.00 to 1.97; third RR
1.42,95% Crl 1.01 to 1.99).

' Samir K Saha'

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Several different risk factors for neonatal sepsis—de-
termined from a constellation of symptoms in hospital-
ised infants often lacking access to modern diagnostic
techniques in low resource settings—have been used
in management guidelines for all sepsis arising in com-
munity settings.

WHAT THIS STUDY ADDS

= This study analyses the risk factors associated with
community-acquired young infant infections with bac-
terial aetiologies in five sites across three South Asian
countries. These risk factors were used to construct
multivariate models using stepwise regression for
community-acquired bacterial infections by directly
using a partial latent class model output derived from
advanced laboratory diagnostics identifying aetiologies,
building a common risk model for community-acquired
neonatal sepsis across South Asia.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Given this study of the risk factors associated with
bacterial infections in young infants among a heteroge-
neous community field sites in South Asia, these data
and findings may factor into refinement of point-of-care
risk scoring algorithms, improvement of traditional treat-
ment algorithms and, if further validated, be used to pro-

vide appropriate and judicious use of antibiotics.

Conclusion Distinct risk factors: birth weight, male sex,
breathing problems at birth and PROM were significantly
associated with the development of bacterial sepsis across
South Asian community settings, supporting refined clinical
discernment and targeted use of antimicrobials.
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INTRODUCTION

Despite coordinated efforts to reduce child mortality
over the past decade, deaths due to neonatal infections
remain a major contributor to under-five mortality. With
recent advances in other areas of child health, neonatal
deaths comprise an increasing proportion of under-five
mortality.l_3 Neonatal sepsis, pneumonia and meningitis
have been estimated to cause a quarter of all newborn
deaths,* and this proportion might be even higher.
South Asia and sub-Saharan Africa have the greatest
burden of neonatal sepsis in the world.® The Alliance for
Maternal and Newborn Health Improvement (AMANHI)
study found severe neonatal infections to be the second
leading cause of neonatal deaths after perinatal asphyxia
in South Asia (35%, 34-36) and sub-Saharan Africa
(37%, 34-39).” The WHO recognises sepsis as a global
health priority in the coming decade,® with the highest
incidence of sepsis among neonates and young children.
New solutions to address serious infections in young chil-
dren are needed in order to achieve Sustainable Devel-
opment Goal 3.2 to ‘End preventable deaths of newborns
and children under age five years of age with all countries
aiming to reduce neonatal mortality to at least as low as
12 per 1000 live births and under-five mortality to at least
as low as 25 per 1000 live births’.”

Data are scarce on risk factors and aetiology of
community-acquired serious infections in developing
countries.'”®' Laboratory confirmation of the aetiology
of bacterial infections is particularly lacking in commu-
nity (non-healthcare) settings where most infections
take place. Empirical antibiotic treatment for a constel-
lation of neonatal sepsis symptoms predominatesﬂ_%
and treatment regimens vary both between and within
regions.24 Meanwhile, the use of neonatal risk factor
scoring for guiding management decisions for possible
serious bacterial infections (pSBI) has shown utility for
improving antibiotic stewardship and reducing neonatal
early-onset sepsis-based mortality.”*! These approaches,
however, are largely based on symptoms in hospitalised
infants. High-quality community-based data regarding
risk factors for infections may serve to inform preven-
tive policies and clinical practices surrounding neonatal
sepsis; possibly including improved scoring algorithms.

The Aetiology of Neonatal Infection in South Asia
(ANISA) study was designed®™ to increase under-
standing of factors that predispose young infants to, or
protect them from, infections at the community level
and to provide data to inform evidence-based strategies
to reduce neonatal infections and mortality. Here we use
data from five diverse community-based urban and rural
ANISA sites to explore risk factors predisposing young
infants in South Asia to contracting serious infections
attributable to bacterial pathogens.**

METHODS
ANISA was a longitudinal community-based prospective
cohort study of mother—infant pairs drawn from five

population-based sites in Bangladesh, India and Paki-
stan from 2011 to 2014. Study site characteristics and
sepsis surveillance methodologies have been described
elsewhere.” In brief, active pregnancy surveillance was
established by community health workers (CHWs) who
registered all consenting married women of reproduc-
tive age in each catchment area. CHWs and study physi-
cians collected a variety of information from mothers
using standardised questionnaires administered during
the earliest stages of pregnancy, shortly after childbirth
and during 59-day longitudinal follow-up of infants.
Data were collected on risk factors including participant
demographics, home environment, pregnancy and birth
history, postpartum maternal characteristics and neonatal
characteristics at birth (see web online supplemental
tables 1-5). CHWs visited mothers and newborns up to
10 times, thrice in the first week after birth and weekly
thereafter until 59 days after birth. Infants presenting
with one or more of seven clinical signs of pSBI were
referred to study physicians. The signs used to identify
pSBI included feeding poorly or not feeding at all, no
movement at all or movement only when stimulated,
fast breathing (=60 breaths/min), elevated temperature
(>38°C), hypothermia (<35.5°C), chest in-drawing and
convulsions.” ** On physician diagnosis of pSBI, blood
specimens were taken for conventional blood culture
and blood and nasopharyngeal (NP) swab specimens
were taken for multipathogen quantitative real-time
PCR (qPCR) analysis; detailed methods to determine
aetiologies of infection are described elsewhere® * and
these data are used in this analysis. Age-matched and site-
matched control newborn infants were identified” and
were assessed by study physicians to rule out the presence
of clinical signs of pSBI. Blood and NP swab samples were
collected to identify the presence of pathogen-derived
nucleic acid in non-symptomatic control infants using
qPCR; conventional blood culture was not performed
on control specimens.” * These control specimens were
used to inform the false positivity rate in the Partial Latent
Class Model (PLCM). Quality of field surveillance and
laboratory procedures and processes was maintained by
consistent monitoring of field and laboratory operations
and tracking of specimens using a purpose-built digital
tracking system at all sites as described previously.™

Patient and public involvement

The study was developed together with multidisciplinary
teams based at each of the five study sites; a common
protocol and questionnaire was developed and custom-
ised for use in the local languages and circumstances.
CHWSs were recruited from the local communities but
patients (mother—child pairs) were not directly involved
in the design of the questionnaires, study recruitment,
diagnostic, scientific or statistical methods used to analyse
their data. Findings will be disseminated by the local part-
ners to clinics that serve the communities, and findings
may be more broadly shared in their respective regions
by the study site teams.
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Statistical analysis

The risk factor analysis reported here directly used the
ANISA Bayesian PLCM attribution data that have been
reported previously. Wherein each young infant with
pSBI (based on the presence of one or more of seven
danger signs) underwent blood culture and both blood
and respiratory qPCR assays; pathogen (s) may have been
detected in one or more of these tests. Blood culture
results were further characterised as definite pathogens
versus contaminants using an expert panel that systemati-
cally reviewed clinical and diagnostic information on each
case.”” In order to properly attribute a particular child’s
pSBI to a specific pathogen type, the output from each of
these analyses were integrated into a PLCM combining
the multiple tests along with their different error rates as
described previously.” *** The output of this model was
mean pathogen proportions of 28 target pathogens and
two additional classes: other blood culture (all organisms
isolated from blood culture that did not have a matching
molecular assay test) and other/none (if no aetiology was
attributed). These proportions were performed at indi-
vidual level with 95% credible intervals (Crls). Perfor-
mance of this modelling was assessed by internal simu-
lation studies; model convergence was assessed through
trace and other diagnostic plots. The programming
and computation of the PLCM was performed with R
(V3.2.5), SAS (V.9.3) and Stata (V.13.1) and was reported
previously.”

For the risk factor analysis reported here, 50 complete
PLCM output sets were selected at random from a set of
2000 complete, stable, PLCM output runs; inclusion of
additional sets was not found to stabilise or notably alter
risk factor output. These iterations were then further
randomly resorted for each child to produce 50 synthetic
model outputs for analysis.

Multiple imputation function was used to perform and
combine analyses of these randomised 50 model output
sets against each of the potential risk factors using step-
wise logistic multivariable multiple regression modelling;
multiple imputation allowed for combining the resulting
point estimates from 50 runs to account for the uncer-
tainty in the outcome in the intervals around the given
risk factor estimates.*’ Multiple imputation was not
used to correct for incomplete data in the underlying
risk factor dataset, but rather to combine the PLCM
estimates of pathogen attribution and given risk factor
into a single estimate and variance, incorporating both
the within-imputation and between-imputation vari-
ability.*” Bivariate analysis on each putative risk factor’s
impact on bacterial infection was performed first. Using
these outputs, a multivariable regression model was
constructed within each of five predefined risk domains
(neonatal, maternal, birth procedure, environmental
and demographic factors), controlling for site. Nested,
circular variables such as duration of hospitalisation after
birth and whether a young infant was reportedly ever
hospitalised were removed from multivariable modelling.
Using stepwise elimination of non-significant factors, the

remaining significant factors in each risk domain were
then combined into the final risk model. Risk factors with
p value <0.10and relative risk (RR) values either above
1.1, signifying risk, or below 0.9090, signifying protection,
were considered as having statistical significance. Models
were then combined in the following order: neonatal
health factors, maternal factors, birth procedure factors,
environmental factors and finally demographic factors.
This analysis was performed in Stata (V.13.1 SE).

Low birth weight (LBW) was defined as 1500-2500¢g
and very LBW (VLBW) as <1500 g. Nutritional risk status
of mothers was defined by mid-upper-arm circumfer-
ence, with high nutritional risk <20.7cm and moderate
nutritional risk <23cm.*! Moderate/late preterm birth
was defined as birth at 32-37 weeks’ gestation, and very
and extremely preterm was defined as <32 weeks’ gesta-
tion. Premature rupture of membranes (PROM) was
defined as water breaking before onset of labour pain.
The country-specific wealth index and household wealth
quintiles were calculated using information on durable
household assets, construction materials, utilities, etc. 24

RESULTS

Population characteristics

Between November 2011 and March 2014, we enrolled
63 114 newborn-mother pairs and followed them until the
infants were 2 months old (figure 1); 73.9% (n=46673)
of the newborns were registered within 24 hours of birth
and the rest (26.1%, n=16441) between their second and
seventh days after birth. Among the registered newborns,
51% (n=32419) were male, 27% (n=16832) were born
with LBW and 19% (n=11837) were preterm. Mothers
of 47.3% (n=29840) of the infants attended at least four
antenatal care visits, 63.7% (n=40186) of the deliveries
took place in healthcare facilities and 67.6% (n=42669)
of infants received colostrum. There were 6022 pSBI
episodes identified by study physicians, resulting in the
collection and analysis of 4859 blood specimens (80.6%
of those indicated) and 5209 respiratory specimens
(86.5%). We also collected 1717 blood specimens and
1893 respiratory specimens from 4661 age-matched and
site-matched healthy control participants.

Neonatal health status factors

We analysed eight neonatal factors, five of which were
significantly associated with bacterial infection in bivar-
iate analysis (online supplemental table 1). Multivariable
analysis of neonatal factors alone, controlling for site,
showed that LBW (RR 1.76, 95% CrI 1.45 to 2.13), VLBW
(RR 6.20, 95% CrI 4.05 to 9.51), male sex (RR 1.27, 95%
CrI 1.07 to 1.52) and problems with breathing initiation
at birth (RR 2.54, 95% CrI 2.01 to 3.21) were associated
with increased risk of bacterial infections (table 1).

Maternal factors

We analysed 24 maternal risk factors, and six were found
to be associated with the development of bacterial infec-
tions in bivariate analysis (online supplemental table 2).
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| 71,361 live births detected by surveillance network |

¥

63,114 mother-child pairs with risk factor data
54.4% Facility / 45.6% Home Birth

¥

49,096 neonates never assessed for pSBI
40, 839 not referred by CHW's
8,257 referred but not assessed

¥

14,655 Physician assessments

v

3,972 assessed and found not-eligible as
neither case nor control

A 4

Risk factor data for 53,068 neonates with
no physician confirmed pSBI

v

v v

4,661 eligible for 6,022 eligible for pSBI
control sampling sampling

v v

1,895 control babies

5,253 pSBI babies
with specimens

with specimens

4,859 blood culture

specimens
1,893 respiratory TAC 5,209 respiratory TAC
specimens specimens
1,717 blood TAC 4,216 blood TAC
specimens specimens

! !

17,894 specimens from 7,148 neonates, run through
2,000 iterations of a modified partially latent class
analysis (LCA) to find probable infection cause.

¥

model for bacterial pathogen attribution, censoring non-

Random sampling of 50 complete iterations of LCA

attributable cases in each iteration.

L]

56,960-58,907 neonates with risk factor data for bacterial infection
(depending on given iteration of the LCA model) also 216 recurrent episodes removed
from pool

Figure 1

Characteristics of the infants enrolled and analysed in the ANISA study. ANISA, Aetiology of Neonatal Infection in

South Asia; CHWs, community health workers; pSBI, possible serious bacterial infection; TAC, TagMan® Array Card

Multivariable analysis of maternal factors alone, while
controlling for site, revealed that having one (RR 0.73,
95% CrI 0.58 to 0.92) or two (RR 0.68, 95% Crl 0.51 to
0.92) prior births and having four or more antenatal care
visits (RR 0.74, 95% CrI 0.57 to 0.96) were significantly
protective against risk of bacterial infection (table 2).

Birth procedure risk factors

Nineteen risk factors surrounding the birth event were
analysed; six factors related to birth procedures and
behaviours of the birth team were significant (online
supplemental table 3). Multivariable analysis of birth
procedure factors showed that presenting with PROM
(RR 1.29, 95% CrlI 1.04 to 1.60) was the only birth-
procedure related factor that increased risk of bacterial
infection (table 3).

Environmental factors
Twelve risks were analysed related to the immediate envi-
ronment encountered following birth. Two factors were

found to be independently significant (online supple-
mental table 4). Multivariable analysis of environmental
factors showed that having unsanitary or no formal toilet
facilities (RR 1.32, 95% CrI 1.01 to 1.71) and lack of
household hand washing facilities (RR 1.34, 95% Cr11.03
to 1.74) increased the risk of bacterial infections. Also,
being situated in Odisha, India (RR 2.71, 95% CrI 1.97
to 3.74) and Karachi, Pakistan (RR 1.57, 95% Crl 1.15 to
2.15) showed significantly increased risk compared with
Sylhet, Bangladesh (table 4).

Demographic factors

Five demographic risk factors were analysed related
to parental education, maternal work and decision
making in the household (online supplemental table 5).
Only socioeconomic status (SES) was found to be inde-
pendently significant. Bacterial infection risk was signifi-
cantly elevated in Odisha (RR 2.32,95% Crl 1.82 to 2.97)
when compared with Sylhet. Multivariable analysis of
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Table 1

Neonatal risk factors multivariate model — all sites

Bacterial infection

Table 3 Birth procedure risk factor multivariate model - all
sites

Relative risk P value 95% Crl

Sylhet, Bangladesh 1.00

Karachi, Pakistan
Matiari, Pakistan
Vellore, India
Odisha, India

1.23 0.110 0.95 to 1.60
0.86 0.263 0.65to 1.12
1.35 0.098 0.95 to 1.91
2.81 0.000** 2.17 to 3.63

Birth weight (normal birth weight >2500 g baseline)

Low birth weight 1.78

<25009g

Very low birth
weight <15009g

Sex
Male

Breathing initiation 2.55

problems at birth
Constant

Sample size
variation

0.000"** 1.47 to 2.16

6.19 0.000"** 4.03 to 9.51

1.28 0.006* 1.07 to 1.53
0.000*** 2.01 to 3.24

0.01 0.000** 0.01 to 0.01
n=56960-57 038

Exponentiated coefficients.
*P<0.05, **p<0.01, **p<0.001.

Crl, credible interval.

Table 2 Maternal risk factors multivariate model — all sites

Bacterial infection

Relative risk P value 95% Crl
Sylhet, Bangladesh 1.00
Karachi, Pakistan 1.17 0.267 0.89 to 1.54
Matiari, Pakistan 1.05 0.734 0.79 to 1.40
Vellore, India 1.46 0.094 0.94 to 2.28
Odisha, India 2.47 0.000* 1.88 to 3.24
Prior children
No prior children
1 child 0.73 0.008** 0.58 to 0.92
2 children 0.68 0.012*  0.51t00.92
3+ children 0.94 0.613 0.75t01.18
Antenatal care visits (ANC)
No ANC visits
1 ANC visit 0.83 0.261 0.59to0 1.15
2 ANC visits 0.94 0.692 0.69 to 1.28
3 ANC visits 0.96 0.774 0.71to 1.29
4+ ANC visits 0.74 0.024*  0.57 t0 0.96
Constant 0.01 0.000* 0.01 to 0.02

Sample size variation

n=57974-58 058

Exponentiated coefficients.
*P<0.05, **p<0.01, **p<0.001.

Crl, credible interval.

Bacterial infection
Relative risk P value 95% Crl

Sylhet, Bangladesh  1.00

Karachi, Pakistan 1.22 0.13 0.94 to 1.58
Matiari, Pakistan 0.99 0.94 0.76 to 1.30
Vellore, India 1.01 0.95 0.71to 1.44
Odisha, India 2.16 0.000*** 1.67 to 2.79
Premature rupture of 1.29 0.019* 1.04to 1.60
membranes

Constant 0.01 0.000"* 0.01 to 0.01

Sample size variation n=58822-58906

Exponentiated coefficients.
*P<0.05, **p<0.01, **p<0.001.
Crl, credible interval.

demographic factors revealed that only low SES was asso-
ciated with significantly elevated risk of bacterial infec-
tion in the first (RR 1.78, 95% Crl 1.35 to 2.36), second
(RR 1.64, 95% Crl 1.24 to 2.19) and third (RR 1.62, 95%
CrI 1.20 to 2.17) wealth quintiles when compared with
the fifth (wealthiest) SES quintile (table 5).

Full multivariable model results

Pooled multivariable analysis showed that VLBW
(<1500g) increased risk of bacterial infection more
than fivefold (RR 5.77, 95% CrlI 3.73 to 8.94), and LBW
(<1500-2500g) remained a significantly elevated risk

Table 4 Environmental risk factors multivariate model — all
sites

Bacterial infection

Relative risk P value 95% Crl

Sylhet, Bangladesh ~ 1.00
Karachi, Pakistan 1.57 0.005** 1.151t02.15
Matiari, Pakistan 1.24 0.154 0.92 to 1.66
Vellore, India 1.22 0.308 0.83 to 1.81
Odisha, India 2.71 0.000*** 1.97 t0 3.74
Toilet facilities

Flush toilet 1.00

Latrine/VIP latrine  1.32 0.041* 1.01 to 1.71

Unsanitary or no 1.16 0.213 0.92 t0 1.48

formal Toilet

Unknown 0.75 0.647 0.22 to 2.56

No hand washing  1.34 0.028* 1.08t0 1.74

facilities in home

Constant 0.01 0.000*** 0.01 to 0.01

Sample size variation n=58823-58907

Exponentiated coefficients.
*P<0.05, **p<0.01, **p<0.001.
Crl, credible interval.
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Table 5 Demographic risk factors multivariate model — all
sites

Bacterial infection

Relative risk P value 95% Crl

Sylhet, Bangladesh 1.00
Karachi, Pakistan 1.20 0.152 0.93to 1.55
Matiari, Pakistan 1.10 0.471 0.85t0 1.43
Vellore, India 1.03 0.858 0.73 to1.45
Odisha, India 2.32 0.000"**  1.82 to 2.97
Socioeconomic status

Fifth quintile (highest)

Fourth quintile 1.33 0.068 0.98 to 1.80

Third quintile 1.62 0.001** 1.20to0 2.17

Second quintile 1.64 0.001** 1.24to02.19

First quintile (lowest) 1.78 0.000* 1.35t0 2.36

Constant 0.01 0.000*  0.01 to 0.01

Sample size variation n=58368-58452

Exponentiated coefficients.
*P<0.05, **p<0.01, **p<0.001.
Crl, credible interval.

factor (RR 1.73, 95% CrI 1.42 to 2.11). Breathing initia-
tion problems at birth (RR 2.50,95% CrI 1.96 to 3.18) and
male sex (RR 1.27, 95% Crl 1.07 to 1.52) also were asso-
ciated with increased risk of bacterial infection (table 6).
PROM was also a significant risk factor in the final model
(RR 1.27,95% CrI 1.03 to 1.58). Having one or two prior
children, as well as a non-flush toilet and lack of hand
washing facilities all lost significance with the addition of
SES into the overall model. Being part of the lowest three
SES quintiles, compared with the top/wealthiest quintile,
remained a significant risk factor in the final model (first
RR 1.52, 95% CrI 1.07 to 2.16; second RR 1.41, 95% Crl
1.00 to 1.97; third RR 1.42, 95% CrI 1.01 to 1.99).

DISCUSSION
This analysis, through examination of risk factors in rural
and urban communities across five sites in three countries,
found that a small set of factors—VLBW/LBW, male sex,
PROM and breathing problems at birth and SES—were
significantly associated with laboratory-confirmed bacte-
rial infections. These factors can be directly observed
at birth, except for SES. These findings are congruent
with simplified clinical decision making and may support
development of algorithms that can be used to improve
antibiotic stewardship in the Indian subcontinent. Taking
clinical presentation of risk factors into decision making
could allow for improved targeting of scarce resources
and antibiotic therapy. Moreover, these findings suggest
that aggressive strategies that combat poverty are impor-
tant in reducing risk for bacterial infections.

Results from this analysis are consistent with other
studies—including a recent systematic review and

3

meta-analysis of 15 studies in India—that found that
risk factors for neonatal sepsis included low gestational
age, male sex, breathing problems at birth and PROM,
among other factors such as home birth."” ** * Some
results from this analysis were surprising, particularly
that several reported birth procedure-related risk factors
lost significance in multivariable analysis; non-facility/
home birth, lack of use of a non-sterile instrument or
materials to cut and tie the umbilicus were significant
bivariate factors but lost significance in multivariable
modelling. Similarly, maternal antenatal care and unsan-
itary or no formal toilet facilities and lack of household
hand washing facilities lost significance in multivariable
modelling. Other factors, such as frequent vaginal exams,
the presence of skilled birth attendants, birth attendant
hand washing and feeding of colostrum were not found
to be significant risk factors, even during bivariate anal-
ysis. Other studies had previously identified unhygienic
intrapartum and postnatal care, poor prelacteal feeding
and contaminated foods and fluids as important contrib-
utors to the pathogenesis of neonatal infection and prior-
ities in prevention of newborn infections.****

Male children have been shown to have a greater
biological risk than females who often have heightened
social risks for infection later in life.*** Future anal-
ysis stratifying by sex could add insight and contribute
to corrective strategies. A similar risk factor analysis on
viral aetiology within the ANISA study is forthcoming,
along with other important related risk analyses, such
as aetiology-specific (Respiratory Syncytial Virus, RSV &
Group B Streptococcus, GBS), recurrent infections and
mortality.

Over the past decades, a variety of management guide-
lines for neonatal infections have been developed to
manage newborn infants with suspected infections.
These guidelines were deliberately based on high sensi-
tivity in identifying potential cases, leading to overtreat-
ment and potentially contributing to concomitant high
rates of antimicrobial resistance (AMR).* 5 Although
community-based use of antibiotics for pSBI has been
shown to reduce neonatal mortality,% 3155 the fear of
missing a potentially treatable infection leads to overpre-
scription of broad-spectrum empirical antibiotics with
the attendant potential for side effects and propagation
of AMR.”® Our Bayesian PLCM analysis directly used the
heterogeneous samples and test outputs from the ANISA
study pathogen attribution. It used the true error rates to
assign relative risks associated with bacterial infection in
South Asia.

These findings provide important insights into those
factors which, if addressed, have potential to target bacte-
rial sepsis cases, reducing cost, morbidities and case fatal-
ities among infants across the subcontinent and beyond.
Importantly, most of these factors are readily detectable
at birth, allowing early intervention using targeted proto-
cols and training in the community setting. Improving
targeting of empiric antibiotic treatments to the most
atrisk infants early has the potential to improve case
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management, reduce morbidity and mortality and limit
unnecessary empirical antibiotic treatment and potential
emergence of AMR.

Limitations

Despite testing of both blood and respiratory samples,
prior analysis showed that no cause could be attributed to
72% of pSBI episodes and only 11% of infants who died
had samples taken within 7days of death.” This impacts
the availability of pathogen data in the underlying attribu-
tion model, which feeds into this risk analysis. However,
it should be noted that the number of attributable infec-
tions was nearly double among those babies who died
compared with those who did not and more than 90% of
those were bacterial infections and are thus included in
this model. Design of new initiatives has already begun to
fill this knowledge gap.”’

For young children who were either born in medical
facilities and stayed for long periods due to the detec-
tion of clinical symptoms at birth or neonates who
contracted a nosocomial infection while in medical facili-
ties and were kept for treatment, the risk factors collected
regarding length of hospital stay became highly circular.
This made it difficult to parse whether the hospital stay
was the source of the infection (nosocomial) or hospi-
talisation was due to the community acquisition of the
infection. Therefore, risk presented by ‘time spent in
hospital’, although a major factor in risk for infection,
was removed from multivariable analyses to avoid this
bias in favour of community-based acquisition of infec-
tions (online supplemental table 3).

Specific timing of onset of symptoms, treatment
course/duration, coinfections and other clinical factors
were not considered in this aggregate analysis. Data
on Apgar scores and caesarean section status were not
collected, precluding comparison on these variables with
studies that collected these data.

CONCLUSION

Motivated by the increasing proportion of neonatal
deaths among under-five deaths, ANISA represents the
largest community-based study of its kind, bridging the
knowledge gap in aetiology of neonatal sepsis using
intensive and early surveillance, state-of-the-art labora-
tory methods, appropriate controls and sophisticated
modelling. This analysis provides important insights
into the risk factors for neonatal sepsis in South Asia: a
region where the preponderance of the world’s neonatal
infections and deaths occur.”®* Since all analyses were
adjusted by site, this helps to control confounding in any
given setting in the study population.

Risk factor data collected by ANISA could potentially
be used to develop point-of-care algorithms to better
target infants with high likelihood of bacterial infections
in order to target simplified generalised antibiotic regi-
mens employing conventional community-based strate-
gies and/or data-driven risk scoring algorithms.”® * % If

validated, such algorithms could be used to help ensure
appropriate treatment of neonates at high risk for bacte-
rial infection and limit unnecessary antibiotic use among
neonates in whom bacterial infection is unlikely.
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