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Abstract
Background Antimicrobial resistance (AMR) is a growing global health threat that contributes to substantial neonatal 
mortality. Bangladesh has reported some of the highest rates of AMR among bacteria causing neonatal sepsis. As 
AMR colonization among newborns can predispose to infection with these bacteria, we aimed to characterize the 
frequency of and risk factors for colonization of mothers and newborns during hospitalization for delivery.

Methods We enrolled pregnant women presenting for delivery to a tertiary care hospital in Faridpur, Bangladesh. We 
collected vaginal and rectal swabs from mothers pre- and post-delivery, rectal swabs from newborns, and swabs from 
the hospital environment. Swabs were plated on agars selective for extended-spectrum-beta-lactamase producing 
bacteria (ESBL-PB) and carbapenem-resistant bacteria (CRB). We performed logistic regression to determine factors 
associated with ESBL-PB/CRB colonization.

Results We enrolled 177 women and their newborns during February-October 2020. Prior to delivery, 77% of 
mothers were colonized with ESBL-PB and 15% with CRB. 79% of women underwent cesarean deliveries (C-section). 
98% of women received antibiotics. Following delivery, 98% of mothers and 89% of newborns were colonized with 
ESBL-PB and 89% of mothers and 72% of newborns with CRB. Of 290 environmental samples, 77% were positive for 
ESBL-PB and 69% for CRB. Maternal pre-delivery colonization was associated with hospitalization during pregnancy 
(RR for ESBL-PB 1.24, 95% CI 1.10–1.40; CRB 2.46, 95% CI 1.39–4.37). Maternal post-delivery and newborn colonization 
were associated with C-section (RR for maternal CRB 1.31, 95% CI 1.08–1.59; newborn ESBL-PB 1.34, 95% CI 1.09–1.64; 
newborn CRB 1.73, 95% CI 1.20–2.47).

Conclusions In this study, we observed high rates of colonization with ESBL-PB/CRB among mothers and newborns, 
with pre-delivery colonization linked to prior healthcare exposure. Our results demonstrate this trend may be driven 
by intense use of antibiotics, frequent C-sections, and a contaminated hospital environment. These findings highlight 
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Introduction
Antimicrobial resistance (AMR) is a growing global 
health threat that disproportionately affects low- and 
middle-income countries (LMIC) and represents one of 
the leading causes of mortality worldwide [1, 2]. Neonates 
are a key risk group for infections with AMR organisms 
given their immature microbiome and underdeveloped 
host defenses [3, 4]. Neonates are often exposed to a wide 
range of bacteria at the time of birth, which can result in 
colonization. Colonization occurs when bacteria persist 
in or on body surfaces without causing illness. Although 
colonization does not directly cause disease, coloniza-
tion with resistant bacteria can predispose individuals to 
developing drug-resistant infections, particularly among 
newborns with prematurity and low birthweight [5–7]. 
Neonatal sepsis caused by AMR organisms results in 
higher rates of mortality compared with non-AMR infec-
tions [8]. An estimated 200,000 neonatal deaths annually 
have been attributed to infections with AMR organisms 
[1, 9].

In many LMICs, the majority of cases of neonatal sep-
sis are caused by Gram-negative bacteria, many of which 
are multidrug resistant [8, 10–13]. A report from 2020 
demonstrated that 81% of Gram-negative bacteria caus-
ing sepsis in newborns across three neonatal care units 
in Bangladesh were resistant to carbapenems, one of 
the last line antibiotic options [12]. Similar concerning 
trends of increasing AMR in neonatal infections have 
been observed elsewhere in South and Southeast Asia, 
including among homebirths, demonstrating an increas-
ing community reservoir for AMR [14–16].

Healthcare facilities, in particular, have been implicated 
as an important source of AMR amplification because of 
the associated intense antibiotic use and admixing of ill 
and susceptible patients [17, 18]. This is further exacer-
bated in low-resource hospitals because of overcrowding, 
understaffing, inadequate hygiene and sanitation, and a 
lack of access to diagnostics. In these settings, antibiotics 
are often used liberally in healthcare facilities as a sub-
stitute for improved hygiene and sanitation, and the lack 
of diagnostics precludes antibiotic stewardship practices 
[19, 20]. Understanding the environments that are pro-
moting evolution and transmission of such organisms to 
newborns is an essential step towards preventing expo-
sure, thereby avoiding downstream consequences such as 
resistant infections that may be difficult or impossible to 
treat.

The objective of this study was to estimate the burden 
of and risk factors for colonization with extended-spec-
trum beta-lactamase producing bacteria (ESBL-PB) and 
carbapenem-resistant bacteria (CRB) among mothers 
and newborns in the context of facility-based deliveries. 
As one step in the infection pathway, colonization pro-
vides a useful parameter for monitoring transmission 
patterns that could predispose to infection [21–23].

Methods
Participant enrollment
We enrolled pregnant women presenting for delivery at 
a tertiary care public medical college hospital in Farid-
pur, Bangladesh, during February – March and August 
– October, 2020. A four-month interruption in enroll-
ment (April-July) occurred as a result of data collection 
restrictions during the COVID-19 pandemic. A trained 
member of the nursing staff collected a set of vaginal and 
rectal swabs. The project research physician conducted 
interviews with the participants to obtain demographic 
and community exposure information about exposures 
that were hypothesized could be related to AMR coloni-
zation, including socioeconomic status, sanitation, ani-
mal contact, antibiotic use, and healthcare contact (S1 
Fig). Over the course of the hospitalization, the research 
physician gathered information from the medical charts 
and care providers regarding treatments and interven-
tions. Prior to hospital discharge, and at least 24 h after 
delivery, the nursing staff collected a second set of vagi-
nal and rectal swabs from the mothers and a rectal swab 
from their newborns. A total of 177 mother/baby pairs 
completed data collection (Fig. 1).

Environmental sampling
During the same time interval as participant enrollment, 
the study team collected samples of the hospital envi-
ronment from the perinatal ward, labor room, and the 
operating room in which cesarean deliveries (C-sections) 
were performed. The selection of sampled items was 
determined following a three-day observation period 
during which frequently touched surfaces and shared 
equipment were identified and counts of hand contacts 
were noted for each type of surface or equipment. We 
purposefully sampled these sites throughout the study 
period. The sampling sites included hands of healthcare 
workers and patient attendants, shared medical equip-
ment, beds, faucets, doors, toilet facilities, oxygen deliv-
ery devices, floors, and other surfaces. For each day of 

that greater attention should be given to the use of perinatal antibiotics, improved surgical stewardship for C-sections, 
and infection prevention practices in healthcare settings to reduce the high prevalence of colonization with AMR 
organisms.
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participant enrollment, we obtained three environmen-
tal swabs. Swabs were first moistened with sterile water 
before sampling surfaces.

Bacterial culturing of swab samples
Participant (rectal and vaginal) and environmental swabs 
were placed in Amies media and stored at 2–8  °C until 
they could be transported to the lab. All swabs were pro-
cessed within 24 h of collection. Participant swabs were 
directly inoculated onto CHROMagar ESBL and CHRO-
Magar mSuperCARBA (CHROMagar, Paris, France). 
Environmental swab samples were enriched with trypti-
case soy broth (TSB) with overnight incubation at 37 °C 
before the samples were inoculated onto the same media 
as the participant swabs. From the chromogenic agars, 
bacterial colony growth color and characteristics were 
recorded after overnight incubation at 37 °C.

Statistical analysis
We performed descriptive statistics to summarize epi-
demiologic characteristics of participants. We compared 
the proportion of colonized individuals and environ-
mental samples before the start of the COVID-19 pan-
demic (Feb-Mar) and during the pandemic (Aug-Oct). 
To examine the relationship between community-based 
exposures on pre-delivery AMR colonization patterns 
and hospital-based exposures on post-delivery AMR 
colonization patterns, we performed logistic regression. 
We calculated unadjusted risk ratios for all community- 
and hospital-based exposures. The sample size for the 
risk factor analysis was determined using an estimated 

80% colonization with at least one AMR organism and a 
20% expected difference in outcomes between exposed 
and unexposed individuals, considering a design effect 
of 1.2. We used McNemar’s test to determine differences 
in colonization prevalence across various time points for 
paired samples and a test of proportions to determine 
differences in colonization for unpaired samples.

Community or hospital exposures with p-values < 0.2 
that had at least 10% prevalence and were not collinear 
were included in multivariable analysis. In the newborn 
analyses, we did not control for maternal post-delivery 
colonization to avoid masking potentially significant 
newborn exposures. No additional model refining was 
performed as the objective of the analysis was not to opti-
mize a final predictive model, which would likely not be 
robust given the limited dataset, but to generate hypoth-
eses regarding factors most likely to drive AMR coloniza-
tion. Participants with missing data were excluded from 
the respective analyses, which only included age (eight 
participants) and income (one participant). All analyses 
were conducted using the statistical program Stata (Ver-
sion 17.0, StataCorp, College Station, TX).

Results
Demographics of pregnant women enrolled in the study
Of the 177 women enrolled in the study, the median age 
was 25 years (range 17–40) (Table  1). The majority of 
participants (73%) had at least a secondary school edu-
cation. The median monthly household income was 201 
USD (amounting to $1.34/person/day). Almost all house-
holds had improved drinking water sources, with 98% 
of households reporting tube wells as the main water 
source. Pit latrines were the most common toilet type 
(79%). Approximately one-third (33%) of the women had 
no prior pregnancies. While most women had received 
some prenatal care, only 14% reported four or more vis-
its. Anemia was the most frequent pregnancy complica-
tion, reported by nearly half of participants. Two-thirds 
of deliveries occurred at or post-term.

The majority of women (79%) delivered via C-section 
(Table  2). Duration of hospitalization was longer for 
women undergoing C-section compared with vagi-
nal delivery (4.0 versus 1.6 days, p < 0.001). Nearly all 
women received perinatal prophylactic antibiotics (98%), 
of whom, 91% received them before or during deliv-
ery. The prescribed duration of antibiotics was longer 
for women who underwent C-section compared with 
vaginal delivery (10 versus 7.6 days, p < 0.001). The most 
common antibiotics administered were metronidazole 
(89%), flucloxacillin (69%), and third-generation cepha-
losporins (ceftriaxone or cefixime) (67%) (S1 Table). 
The most frequent antibiotic regimen was a combina-
tion of a third-generation cephalosporin, metronida-
zole, and flucloxacillin (48%). No carbapenem use was 

Fig. 1 Study enrollment of pregnant mothers presenting for deliv-
ery at a tertiary care facility, Faridpur, Bangladesh, 2020. Flowchart 
of number of pregnant women approached for enrollment, number en-
rolled, and number who completed all surveys and specimen collections, 
as well as the reasons for attrition
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reported. More than half of the participants experienced 
a pregnancy complication, including fetal distress/cord 
prolapse (40%), obstructed/prolonged labor (27%), or 
prolonged rupture of membranes (> 24 h) (23%).

Among the newborns, nearly all received airway clear-
ing, wiping and wrapping, temperature and weight mea-
suring, and feeding initiation within the first hour of 
birth (Table  3). Approximately one-quarter underwent 

Table 1 Community-based characteristics of pregnant mothers 
presenting for delivery, Faridpur, Bangladesh, 2020 (N = 177)

n % or range
Number of women who completed the study 177
Number of babies 179
Median age of women* 25 17–40
Highest education completed
 No formal education 12 7%
 Primary school 35 20%
 Secondary school 112 63%
 Bachelor’s degree 10 6%
 Master’s degree 8 5%
Occupation**
 Homemaker 174 98%
 Poultry/livestock rearer 14 8%
 Student 6 3%
Domestic animal contact during pregnancy 177 100%
Median monthly income (USD)*** 201 60–885
Median household size 5 2–8+

Main water source – tube well 173 98%
Toilet type
 Shared pit latrine 82 46%
 Private pit latrine 57 32%
 Flush/pour flush toilet 38 22%
Nulliparous at enrollment 58 33%
Antenatal care visits
 None 35 20%
 1–3 visits 117 66%
 4 or more visits 25 14%
Pregnancy complications (self-reported)
 Anemia 87 49%
 Urinary infection 32 18%
 Bleeding 17 10%
 High blood pressure 14 8%
Antibiotic use within 30 days prior to admission 23 13%
Hospitalization during pregnancy prior to 
delivery

21 12%

Timing of delivery
 Preterm (< 37 weeks) 54 31%
 Full term (37–42 weeks) 110 62%
 Post term (> 42 weeks) 13 7%
*N = 169. Those without a reported age were excluded from the median age 
calculation

**Occupation categories are not mutually exclusive as women were asked to 
report all occupations

***N = 176. The individual without income data available was excluded from the 
median income calculation

Table 2 Hospital-based characteristics and management of 
pregnant mothers presenting for delivery, Faridpur, Bangladesh, 
2020 (N = 177)

n % or range
Labor management
 Membrane sweeping/stripping 50 28%
 6 or more vaginal exams 45 25%
 Artificial rupture of membranes 19 11%
 Mechanical cervical ripening 14 8%
Mode of delivery
 Vaginal delivery 37 21%
 Cesarean delivery 140 79%
Mother received antibiotics 174 98%
Duration of antibiotics, median (days)* 10 3–15
Timing of antibiotic initiation*
 Before/during delivery 158 91%
 After delivery 16 9%
Indication for antibiotics*
 Prevention 174 100%
 Treatment 1 1%
Delivery complications
 Fetal distress/cord prolapse 70 40%
 Obstructed/prolonged labor 48 27%
 Prolonged rupture of membranes 41 23%
 Retained placenta 7 6%
Duration of hospitalization, median (days) 3 1–9
Admission to ICU 9 5%
*N = 174, the number who received antibiotics; ICU: Intensive care unit

Table 3 Hospital-based characteristics and management 
of newborns delivered at a tertiary care facility, Faridpur, 
Bangladesh, 2020 (N = 177*)

n % (range)
Female 82 46%
Birthweight, median (g) 2900 1500–4200
Immediate management of newborn (within 
1 h of birth)
 Cleared airway 176 99%
 Wiped and wrapped 176 99%
 Temperature and weight measured 173 98%
 Initiated feeding 171 97%
 Administered vitamin K 98 55%
 Resuscitated 40 23%
 Mechanical ventilation 2 1%
Newborn received antibiotics 9 5%
Duration of antibiotics, median (days)** 3 1–5
Indication for antibiotics**
 Prevention 8 89%
 Treatment 1 11%
Newborn sepsis 3 2%
Duration of hospitalization, median (days) 3 1–7
Admission to neonatal ICU 9 5%
*For the two sets of twins, one twin was randomly excluded from each set for 
analysis purposes

**N = 9, the number of newborns who received antibiotics
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resuscitation with two newborns requiring artificial ven-
tilation. 5% of newborns received antibiotics, including 
three (2%) newborns with clinically-diagnosed neonatal 
sepsis. No blood cultures were collected at the time of 
diagnosis or during the course of treatment. No neona-
tal deaths occurred among enrolled newborns during the 
course of the study.

Colonization patterns of mothers and newborns with 
ESBL-PB and CRB
On admission, 17% of women (n = 30) had vaginal colo-
nization and 71% (n = 125) had rectal colonization with 
organisms recovered from CHROMagar ESBL plates 
(hereafter referred to as ESBL-PB), but only 15% (n = 27) 
had rectal or vaginal colonization with organisms recov-
ered from CHROMagar mSuperCARBA plates (hereaf-
ter referred to as CRB) (Fig. 2). At the time of discharge 
following delivery, nearly all women had either rectal or 
vaginal colonization with ESBL-PB (98%, n = 174), 86% 
(n = 153) had rectal CRB colonization, and 74% (n = 130) 
had vaginal CRB colonization. Newborns demonstrated 
rectal colonization patterns similar to maternal coloniza-
tion patterns on discharge: 89% (n = 157) were colonized 
with ESBL-PB, and 72% (n = 128) were colonized with 
CRB.

Prevalence of ESBL-PB and CRB in environmental samples
A total of 290 environmental swab samples were col-
lected from the perinatal ward, labor room, and operating 
room (S2 Table). Overall, 77% (n = 222) of samples were 
positive for ESBL-PB and 69% (n = 201) were positive for 
CRB; patterns were similar across types of samples ana-
lyzed (Fig. 3). However, many surfaces had multiple col-
ony morphologies on the selective plates, demonstrating 
broad organism diversity (S2 Fig).

Prevalence of ESBL-PB/CRB colonization in relation to 
COVID-19
Pre-delivery rectal ESBL-PB colonization was signifi-
cantly higher after the start of the COVID-19 pandemic 
(81%) compared with before COVID (63%, p = 0.01) (S3 
Table). Similarly, pre-delivery rectal CRB colonization 
increased during COVID (8% vs. 20%, p = 0.02). Pre-
delivery vaginal ESBL-PB and CRB colonization also 
increased, but the differences were not significant (ESBL-
PB: 15% vs. 20%, p = 0.43; CRB: 2% vs. 6%, p = 0.13).

In contrast, post-delivery rectal colonization was simi-
lar before and after the start of COVID (ESBL-PB: 96% 
vs. 99%, p = 0.28; CRB 83% vs. 91%, p = 0.13). Post-delivery 
vaginal colonization was also stable (ESBL-PB: 92% vs. 
86%, p = 0.18; CRB: 72% vs. 75%, p = 0.62). Newborn colo-
nization increased, but the differences were only margin-
ally significant (ESBL-PB: 85% vs. 94%, p = 0.08; CRB: 67% 
vs. 79%, p = 0.07).

Overall environmental contamination with ESBL-PB 
and CRB was markedly higher during COVID com-
pared with before the pandemic (ESBL-PB: 54% vs. 94%, 
p < 0.001; CRB: 45% vs. 89%, p < 0.001) (S3 Figure).

Community and hospital exposures associated with 
ESBL-PB/CRB colonization in mothers and newborns
Colonization outcome variables were grouped by resis-
tance phenotype as the selective pressures contribut-
ing to colonization with a given phenotype are likely 
to be similar regardless of body site. Although vaginal 
colonization with AMR organisms was generally lower 
than rectal colonization, this is likely a result of differ-
ent microbiome constitutions, with a predominance of 

Fig. 3 Environmental detection of ESBL-producing and carbapenem 
resistant bacteria in the obstetric facilities of a tertiary care hospital, 
Faridpur, Bangladesh, 2020 (N = 290). Frequency of contamination of 
various hospital environmental surfaces during the study period. Hand 
samples were taken from healthcare workers as well as patient attendants. 
A full list of sampled surfaces is in S3 Table. ESBL-PB = organisms recovered 
from agar selective for extended-spectrum beta-lactamase-producing 
bacteria; CRB = organisms recovered from agar selective for carbapenem 
resistant bacteria

 

Fig. 2 Vaginal and rectal colonization of mothers and rectal colo-
nization of newborns with ESBL-producing and carbapenem resis-
tant bacteria at a tertiary care facility, Faridpur, Bangladesh, 2020 
(N = 177). Prevalence of colonization patterns among mothers and new-
borns. Colonization was compared pre- and post-delivery to determine 
differences between community-based colonization and colonization 
following healthcare exposure. ESBL-PB = organisms recovered from agar 
selective for extended-spectrum beta-lactamase-producing bacteria; 
CRB = organisms recovered from agar selective for carbapenem resistant 
bacteria. ***McNemar’s test p < 0.001
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Gram-negative organisms colonizing the rectum com-
pared with the vaginal canal.

In the multivariate analysis of community-based expo-
sures, variables associated with an increased risk for 
pre-delivery ESBL-PB colonization included prior hospi-
talization during pregnancy (RR 1.24, 95% CI 1.10–1.40) 
and preterm delivery (1.18, 95% CI 1.02–1.37) (Table 4). 
Variables associated with pre-delivery CRB coloniza-
tion were seven or more people living in the household 
(RR 2.39, 95% CI 1.11–5.11), goats outside the home (RR 
0.44, 95% CI 0.24–0.80), prior hospitalization during 
pregnancy (RR 2.46, 95% CI 1.39–4.37), and antibiotic 
use within the prior 30 days (RR 2.51, 95% CI 1.45–4.35). 
While it did not reach statistical significance at a p < 0.05 
cutoff, raising ducks outside the home had the highest 
measures of association with pre-delivery CRB coloniza-
tion (RR 6.36, 95% CI 0.91–44.3).

Although the prevalence was too low to allow inclusion 
in the multivariate analysis, other significant variables 
associated with ESBL-PB colonization in the bivariate 
analysis included tending livestock or poultry (RR 1.23, 
95% CI 1.04–1.46), having a private pit latrine compared 

with a shared pit latrine (RR 0.79, 95% CI 0.64–0.97), and 
straining drinking water through cloth (RR 1.23, 95% CI 
1.04–1.46) (S5 Table). Factors associated with CRB colo-
nization were tending livestock or poultry (RR 4.08, 95% 
CI 2.09–7.94), storing water in a container with a wide 
opening compared with a narrow opening (RR 0.33, 95% 
CI 0.12–0.95), and being underweight (RR 4.64, 95% CI 
1.92–11.2).

Among hospital exposures, no variables were associ-
ated with post-delivery maternal ESBL-PB colonization 
at a p < 0.2 cutoff, so no multivariable model was created. 
Factors associated with post-delivery maternal CRB colo-
nization included undergoing C-section (RR 1.31, 95% CI 
1.08–1.59) and experiencing complications at the time of 
delivery (RR 1.13, 95% CI 1.03–1.24) (Table 5). Because 
duration of hospitalization was collinear with type of 
delivery, it was not included in the multivariable analy-
sis. Similarly, antibiotics administered to mothers before 
delivery was also collinear with type of delivery and was 
thus excluded from multivariable analysis. We did not 
control for colonization pre-delivery as most mothers 

Table 4 Association of community-based exposures with maternal pre-delivery ESBL-producing and carbapenem resistant bacteria 
vaginal and rectal colonization, Faridpur, Bangladesh, 2020
Pre-delivery ESBL-PB Pre-delivery CRB

RR 95% CI p-value RR 95% CI p-value
Hospitalization during pregnancy 1.24 1.10–1.40 < 0.001 Number of people living in 

the household
Preterm delivery 1.18 1.02–1.37 0.02  2–4 Ref

 5–6 1.00 0.46–2.15 0.99
 7 or more 2.39 1.11–5.11 0.03
Ducks outside the house 6.36 0.91–44.3 0.06
Goats outside the house 0.44 0.24–0.80 0.01
Hospitalization during 
pregnancy

2.46 1.39–4.37 0.002

Antibiotic use in the 30 days 
prior to delivery

2.51 1.45–4.35 0.001

Multivariable regression analyses include all non-collinear variables with p < 0.2 and at least 10% prevalence. Results in bold have p < 0.05 level. RR = relative risk; 
ESBL-PB = organisms recovered from agar selective for extended-spectrum beta-lactamase-producing bacteria; CRB = organisms recovered from agar selective for 
carbapenem resistant bacteria

Table 5 Association of hospital-based exposures with maternal and newborn colonization with ESBL-producing and carbapenem 
resistant bacteria
Post-delivery CRB Newborn ESBL-PB

RR 95% CI p-value RR 95% CI p-value
Delivery mode Delivery mode
 Vaginal delivery Ref  Vaginal delivery Ref
 Cesarean delivery 1.31 1.08–1.59 0.01  Cesarean delivery 1.34 1.09–1.64 0.01
Maternal complications at the time of 
delivery

1.13 1.03–1.24 0.01 Maternal pre-delivery 
CRB colonization

1.15 1.09–1.21 < 0.001

Mother received third-generation 
cephalosporin antibiotics

0.96 0.93-1.00 0.05

Multivariable regression analyses include all non-collinear variables with p < 0.2 and at least 10% prevalence. Maternal colonization post-delivery was not included 
in newborn results to avoid controlling for maternal factors that could mask associations. Results in bold have p < 0.05 level. RR = relative risk; ESBL-PB = organisms 
recovered from agar selective for extended-spectrum beta-lactamase-producing bacteria; CRB = organisms recovered from agar selective for carbapenem resistant 
bacteria
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with CRB colonization post-delivery did not have coloni-
zation pre-delivery.

Newborn ESBL-PB colonization was also associated 
with C-section (RR 1.34, 95% CI 1.09–1.64) and mater-
nal pre-delivery CRB colonization (RR 1.15, 95% CI 1.09–
1.21). The only factor associated with newborn CRB 
colonization at a p < 0.2 cutoff was delivery by C-section 
(RR 1.73, 95% CI 1.20–2.47) (S7 Table). Although not 
included in the multivariate analysis, newborn CRB colo-
nization was significantly associated with maternal post-
delivery CRB colonization (RR 2.45, 95% CI 1.25–4.77). 
No association was found with maternal post-delivery 
ESBL-PB colonization.

Discussion
This study revealed a high prevalence of perinatal coloni-
zation with ESBL-PB and CRB among mothers and new-
borns undergoing facility-based deliveries at a tertiary 
care hospital in Bangladesh. Colonization prevalence was 
substantially higher in mothers at the time of discharge 
compared with admission, particularly for CRB. The less 
notable changes in ESBL-PB colonization may be attrib-
utable to the frequent ESBL-PB colonization on admis-
sion. Additionally, there were concurrently high rates of 
C-sections and frequent prescribing of prolonged courses 
of prophylactic antibiotics.

Newborn colonization prevalence more closely resem-
bled maternal colonization at discharge compared with 
admission and occurred within the context of widespread 
environmental contamination. A similarly high preva-
lence of ESBL-PB colonization in newborns has been 
reported from studies in India, Cambodia, Madagascar, 
and Tanzania, though CRB colonization was infrequent 
[24–27]. Another study from Bangladesh revealed that 
82% of healthy infants were colonized with Escherichia 
coli resistant to third-generation cephalosporins [28]. 
Much lower neonatal AMR colonization rates have been 
reported in high-income countries such as Israel and 
Sweden where ESBL-PB colonization ranged from 5 to 
14% [29, 30]. This may reflect differences in local epide-
miology as well as facility-based practices. This study has 
revealed one of the highest reported prevalences of CRB 
colonization among newborns, which is particularly con-
cerning given the lack of effective treatment options for 
infections with these organisms. It is likely these organ-
isms are leading to infections given studies showing high 
levels of CRBs causing neonatal sepsis in Bangladesh 
[12]. Furthermore, the remarkably high prevalence of 
CRB colonization occurred despite no reported use of 
carbapenem antibiotics, demonstrating that other beta-
lactam antibiotics may be promoting CRB colonization 
[31, 32].

This particular hospital is a tertiary care facility where 
many high-risk pregnancies are referred, which may 

partially explain the high rates of C-sections. However, 
this also reflects national trends in Bangladesh. In 2018, 
one-third of deliveries occurred by C-section, including 
67% of facility-based deliveries [33]. This is well above the 
10–15% recommendation by WHO for rates of C-section 
[34]. The WHO threshold is based on a review of data 
demonstrating no improvement in perinatal mortality 
for higher rates of C-section [35]. This trend of increas-
ing C-sections is growing fastest in LMICs [36]. Rather 
than reflecting improved global access to a life-saving 
procedure, the disparities in rates of C-sections – from 
5% in sub-Saharan Africa to 43% in Latin America and 
the Caribbean – reveal ongoing incongruencies and inap-
propriate surgical stewardship. By 2030, nearly a third of 
all deliveries globally are expected to occur by C-section, 
with the vast majority (nearly 90%) occurring in LMICs 
[36].

Along with frequent C-sections, perinatal antibiotic 
use was high among participants. Despite WHO guid-
ance recommending only a single dose of pre-operative 
prophylactic antibiotics for C-sections, most participants 
who underwent C-section were advised to complete pro-
longed courses of antibiotics [37]. Moreover, the WHO 
guidance emphasizes the use of narrow-spectrum anti-
biotics for prophylaxis. Reports from India demonstrate 
prolonged courses of prophylactic antibiotics being 
given to 80% of women undergoing C-sections, includ-
ing frequent use of three-drug regimens [38]. A study 
from China revealed that 100% of women who under-
went C-sections received a standard seven-day antibiotic 
regimen [39]. Similar practices have been reported from 
other LMICs, indicating the use of prolonged prophylac-
tic antibiotics for C-sections may be widespread, despite 
evidence showing no benefit from multiple doses of anti-
biotics [40–43]. This contrasts with practices in high-
resource contexts, such as the U.S., where multiple doses 
of antibiotics are rare [44, 45].

Although the analysis conducted here was exploratory, 
prior hospitalization was consistently associated with 
increased risk for maternal ESBL-PB/CRB colonization, 
implicating the role of healthcare settings in the propa-
gation of AMR. Additionally, there was an association 
between preterm delivery and maternal vaginal ESBL-PB 
colonization. This suggests that the vaginal microbiome 
may be having an effect on preterm delivery, which has 
been previously demonstrated [46, 47]. It remains unclear 
what the mechanism is for how colonization with resis-
tant organisms modulates preterm delivery. However, 
it has been proposed that antibiotic resistant bacteria 
may be associated with more inflammation and perhaps 
reflective of dysbiosis [48, 49]. Further studies are needed 
to characterize this potential dynamic.

Animal contact appears to be connected with colo-
nization. Duck rearing was associated with increased 
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pre-delivery maternal CRB colonization risk, though the 
relatively low number of participants with this exposure 
likely resulted in it not being statistically significant. Sim-
ilarly, tending livestock or poultry was associated with 
pre-delivery ESBL-PB and CRB colonization in bivariate 
analysis but was not included in the multivariate analysis 
because so few participants had this exposure. The only 
other significant association with animals was an appar-
ent protective effect of goats outside the house. These 
findings may warrant further investigation into the One 
Health processes that could be contributing to AMR 
propagation and dissemination.

C-section was associated with post-delivery maternal 
CRB colonization as well as newborn ESBL-PB/CRB col-
onization. Other factors commonly associated with AMR 
such as length of hospital stay and antibiotic administra-
tion could not be included in the multivariate analyses 
because these were collinear with mode of delivery. This 
is consistent with another study in a low-resource con-
text examining associations with neonatal AMR coloni-
zation that found aspects of the healthcare setting to be 
the most highly associated factors, including antibiotic 
use, longer hospital stays, prematurity, and lower staff-
ing ratios [50]. Additionally, C-sections have been shown 
to lead to a disrupted colonizing microbiota among neo-
nates [51–53], which may be exacerbated by antibiotic 
use [54]. Even when the antibiotics are only administered 
to the mother, studies have demonstrated negative health 
outcomes in the newborn, including necrotizing entero-
colitis [55], neonatal sepsis [56], and growth stunting 
[54]. Further, the magnitude of disruption on the neo-
natal microbiome attributable to intrapartum antibiotics 
administered to mothers has been found to be similar to 
postnatal antibiotics administered to newborns directly 
[57]. Thus, ESBL-PB and/or CRB colonization may be a 
marker of dysbiosis, induced by upstream factors such 
as antibiotic exposure that provide an opportunity for 
colonization with resistant bacteria [49, 58]. Accord-
ingly, fecal microbiota transplantation has been tried as 
a successful strategy for restoring the microbiota in neo-
nates born by C-section [59]. In this study, the impact of 
maternal antibiotic use on newborn colonization could 
not be assessed since nearly all women received perinatal 
antibiotics, with the majority of antibiotic courses started 
prior to delivery.

While there are likely many aspects of the healthcare 
setting contributing to ESBL-PB/CRB colonization, both 
antibiotic use and C-section rates are potentially modi-
fiable. Apart from contributing to AMR, unnecessary 
C-sections may have additional negative health ramifi-
cations, such as surgical site infections, blood clots, or 
injury to other organs. A review of indications for C-sec-
tions in Bangladesh found that the majority were not 
performed out of medical necessity [60]. This is a clear 

area for ongoing surveillance and changes to current 
practices.

Overuse of antibiotics is a known driver of AMR. 
The prolonged antibiotic courses received by the 
majority of mothers for the purposes of prophylaxis 
pose a threat to community rates of AMR through 
direct and indirect effects on resistance [61]. The situ-
ation in the delivery ward is unlikely to be unique in 
Bangladesh given high levels of antibiotic resistance 
reported across a variety of settings [62, 63]. Reasons 
for liberal antibiotic use in Bangladesh include lack of 
understanding of antibiotic function, low awareness 
of antibiotic resistance, overemphasis on use of anti-
biotics for prevention, and a perception of antibiotics 
as a symbol of power [64]. Additionally, this tertiary 
care facility does not have a functioning microbiol-
ogy laboratory or infectious disease consultant, limit-
ing the ability to select appropriate antibiotics based 
on antibiograms or culture results or seek expert 
consultation.

The high level of antibiotic use for prophylaxis also 
points to a heightened concern for healthcare-associated 
infections (HAI) [65]. Hospital-acquired neonatal infec-
tions are up to 20 times more common in LMICs com-
pared with high-income contexts [66]. Accordingly, Zaidi, 
et al. note in the context of LMICs, any newborn infec-
tion in a hospital-born baby should be considered a HAI, 
regardless of the timing of onset [66]. In LMICs such as 
Bangladesh, antibiotics are a readily-available tool to mit-
igate HAIs, certainly more accessible than infrastructure 
changes to improve hygiene and sanitation or even incen-
tives for hospital workers to prioritize cleanliness. In this 
scenario, antibiotics are likely acting both as a substitute 
for and an extension of infection prevention and control 
efforts [20]. In fact, a prior study from Bangladesh dem-
onstrated that antibiotics given to patients on admission 
resulted in less hospital-onset diarrhea resulting from 
contaminated food [67].

Simultaneous recovery of abundant ESBL-PB/CRB 
from the hospital environment further suggests that the 
environment is likely contributing to AMR transmission. 
This has been corroborated by other studies in similar 
contexts that have shown that surface colonization pre-
dicts infecting organisms in neonates [68, 69]. Antibiotic-
resistant Klebsiella pneumoniae strains isolated from 
newborns hospitalized in a neonatal intensive care unit 
were found to be genetically closely related to strains 
isolated from other infants on the ward, supporting the 
notion of transmission being driven by healthcare work-
ers and/or shared equipment [50]. Another study found 
that while K. pneumoniae transmission to newborns 
appears to be driven by direct contact with colonized 
healthcare workers, spread of E. coli and Enterobacter 
cloacae are mediated through indirect contamination 
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[25]. Further supporting the linkage between exposure 
to the healthcare environment and ESBL-PB/CRB colo-
nization is the increased environmental contamination 
during COVID-19 and concomitant increase in neonatal 
AMR colonization. Increased environmental contamina-
tion during COVID-19 may have resulted from decreased 
routine cleaning by staff who were concerned about 
heightened exposure to SARS-CoV-2 in the hospital set-
ting. This supports the need for enhanced environmental 
cleaning and infection prevention efforts to reduce HAIs 
and AMR.

Some of the strengths of this study are that it 
employs a relatively low-cost method of AMR surveil-
lance that could be replicated in other low-resource 
contexts [70]. It also uses colonization to detect AMR 
burden and transmission, allowing for the implemen-
tation of directed preventive measures in advance of 
infectious outcomes [70]. Further, the examination of 
both community and hospital-related factors and the 
measurement of colonization at two time points allows 
for better triangulation of the most important risk 
factors for AMR colonization in the same population 
across both settings.

This study has several limitations. The homogene-
ity of participants’ community and hospital exposures 
that we hypothesized to have strong associations with 
AMR colonization meant that the associations between 
some factors and ESBL-PB/CRB colonization could not 
be evaluated. However, the descriptive characteristics 
provide insight on common practices that may be impli-
cated in AMR transmission, such as abundant antibiotic 
use. Additionally, we relied on the results of chromo-
genic agars for classifying ESBL-PB/CRB colonization. 
Prior studies using similar specimen types have reported 
98–100% sensitivity for the ESBL agar and 93–100% for 
the mSuperCARBA agar but with lower specificities (72–
100%) [71–74]. However, these studies were specifically 
assessing the performance of the agars for identifying 
ESBL-producing or carbapenemase-producing Entero-
bacterales. This contrasts with the objectives of this 
study, which were not limited only to Enterobacterales 
or to production of specific resistance determinants but 
to all Gram-negative isolates with the resistant pheno-
types of interest. Moreover, we did not use the chromo-
genic findings as a means of definitive identification, and 
instead highlighted the relative changes between pre- and 
post-delivery as comparable and informative indicators 
of underlying trends.

Furthermore, we only measured colonization status, 
which does not in itself carry negative health conse-
quences and may rapidly change after returning to 
the home environment. Yet, other studies have shown 
that neonatal colonization patterns can persist for up 
to five years, with greater persistence of more virulent 

bacterial strains [29, 75]. A meta-analysis examining 
the relationship between Gram-negative bacterial col-
onization and bloodstream infections in neonates did 
not find a statistically significant correlation, though 
the analysis was limited by a small number of studies 
to draw from and high heterogeneity between studies 
[6]. However, subsequent studies and other studies not 
included in the meta-analysis have supported the role 
of intestinal colonization as a predisposing factor to 
infection [24, 27, 68, 76].

Our findings do not prove that the environment was 
the source of ESBL-PB/CRB colonization among moth-
ers and neonates as we lack bacterial characterization 
data. Regardless, the remarkable abundance of ESBL-PB/
CRB throughout the hospital environment suggests this 
is likely to be a factor in at least some of the transmis-
sion pathways. Future studies including whole genome 
sequencing-based characterization of isolates would add 
further clarity to transmission dynamics and AMR diver-
sity in this setting.

Conclusion
The scenario of rising AMR among newborns is becom-
ing increasingly common across LMICs and demands a 
close examination of the factors surrounding hospital-
based deliveries, including indications for C-sections 
and antibiotic administration. The findings of this study 
highlight the need to avoid overmedicalization of deliver-
ies. Pregnant women presenting to a hospital for delivery 
may be more likely to be construed as “patients in need 
of treatment”. Separating routine perinatal care from a 
healthcare facility to an adjacent birthing center may help 
decrease the treatment imperative. Conducting random-
ized controlled trials demonstrating the non-inferiority 
of reduced antibiotic use could further support changes 
in antibiotic prescribing. However, this may not be sup-
ported without concomitant improvements in infection 
prevention and control – with an emphasis on envi-
ronmental cleaning – coupled with enhanced access 
to diagnostics and microbiologic laboratory capacity. 
Unnecessary C-sections must also be curtailed to reduce 
the disruption of the newborn microflora and associ-
ated morbidity. Interventions to reduce C-sections could 
focus on understanding and dismantling the incentives 
driving increasing rates of C-sections. Overall, these find-
ings demonstrate the urgent and pressing need for better 
AMR surveillance and associated interventions to ensure 
safer birthing environments.
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