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ABSTRACT

Objectives: Infections are one of the most common causes of neonatal mortality, and maternal coloniza-
tion has been associated with neonatal infection. In this study, we sought to quantify carriage prevalence
of extended-spectrum-beta-lactamase (ESBL) -producing and carbapenem-resistant Enterobacterales (CRE)
among pregnant women and their neonates and to characterize risk factors for carriage in rural Amhara,
Ethiopia.
Methods: We conducted a prospective cohort study nested in the Birhan field site. We collected rectal
and vaginal samples from 211 pregnant women in their third trimester and/or during labor/delivery and
perirectal or stool samples from 159 of their neonates in the first week of life.
Results: We found that carriage of ESBL-producing organisms was fairly common (women: 22.3%, 95%
CI: 16.8-28.5; neonates: 24.5%, 95% CI: 18.1-32.0), while carriage of CRE (women: 0.9%, 95% CI: 0.1-3.4;
neonates: 2.5%, 95% Cl: 0.7-6.3) was rare. Neonates whose mothers tested positive for ESBL-producing
organisms were nearly twice as likely to also test positive for ESBL-producing organisms (38.7% vs 21.1%,
P-value = 0.06). Carriage of ESBL-producing organisms was also associated with Woreda (district) of sam-
ple collection and recent antibiotic use.
Conclusion: Understanding carriage patterns of potential pathogens and antibiotic susceptibility among
pregnant women and newborns will inform local, data-driven recommendations to prevent and treat
neonatal infections.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction first 28 days of life, accounting for approximately 23% of 2.4
million neonatal deaths worldwide [1,2]. Treatment of infections
Neonatal infections, particularly sepsis, meningitis, and pneu- is increasingly challenging in the context of antimicrobial resis-

monia, are among the most common causes of mortality in the tance [3], with over 40% of neonatal sepsis cases estimated to
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have resistance or reduced susceptibility to both the first- (ampi-
cillin/penicillin and gentamicin) and second-line (third-generation
cephalosporins) antibiotic treatments recommended by the World
Health Organization (WHO) [4]. Better understanding of the path-
ways leading to neonatal infection could inform critical infection
prevention strategies.
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Maternal colonization has been shown to be associated with
neonatal infection [5,6]. Shared pathogens between mothers and
their newborns may be a result of vertical transmission at birth
and/or common environmental exposures. This phenomenon has
been well-studied in high-income settings, particularly for Strepto-
coccus agalactiae/Group B Streptococcus (GBS), once a leading cause
of neonatal infections in the United States. Resulting interventions
such as prenatal screening and antibiotic prophylaxis during labor
have decreased the incidence of invasive early-onset GBS disease
by over 80% [7,8].

However, relatively little is known about maternal colonization
and subsequent neonatal infections in low- and middle-income
settings. Unfortunately, this often overlaps with settings with high
burden of disease; for example, Sub-Saharan Africa has the high-
est levels of neonatal mortality at 27 deaths per 1000 live births
(accounting for 43% of global newborn deaths) [2], and infections
have been found to contribute a greater proportion of deaths in
high neonatal mortality settings [9]. Data specific to these popula-
tions is greatly needed to inform relevant clinical guidelines.

Our study focused on pregnant women and newborns in the
Birhan field site, a well-established site focused on maternal and
child health in North Shewa Zone, Amhara, Ethiopia [10]. In
this cohort between November 2018 and December 2020, over-
all neonatal mortality was 3.1% of live births [11]. We estimated
carriage prevalence of gram-negative antibiotic-resistant organisms
- extended-spectrum-beta-lactamase (ESBL) -producing organisms
and carbapenem-resistant Enterobacterales (CRE). We also checked
samples for the presence of GBS due to its global importance
in neonatal infections. Using samples collected at antenatal care
(ANC), labor/delivery, and during the first week of life, we assessed
carriage patterns during pregnancy and between mothers and their
newborns. In addition, we studied the association between colo-
nization with our organisms of interest and clinical and environ-
mental risk factors.

Methods
Study setting

We conducted a prospective cohort study at the Birhan field
site, including 16 villages in Amhara Region, Ethiopia with a total
population of 77,766. The catchment area is rural and semi-urban,
covers both highland and lowland areas, and includes two differ-
ent districts, Angolela Tera, and Kewot/Shewa Robit. The site in-
cludes a health and demographic surveillance system (HDSS), the
Birhan HDSS, with house-to-house surveillance every 3 months to
estimate morbidity and mortality outcomes among 17,108 women
of reproductive age and 8,554 children under 5 years old. The site
is a platform for community and facility-based research and train-
ing that was established in 2018 [10]. Nested in the site is an open
pregnancy and birth cohort, the Birhan Cohort, that enrolls approx-
imately 2,000 pregnant women and their newborns per year with
rigorous longitudinal follow-up over the first 2 years of life and
household data linked with health facility information [12].

Sample collection

Samples were collected from March to August 2022. Any preg-
nant woman who had an address in one of the Birhan catchment
villages and visited any of the Birhan health facilities for an ANC
visit at >35 weeks or for labor/delivery was considered for en-
rollment in the study. Among women who were enrolled at ANC,
follow-up samples at labor/delivery were collected at any of the
Birhan health facilities.

Signed informed consent was obtained from all participants
upon enrollment in the study. After receiving informed consent,
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the trained data collectors collected samples and administered
the study questionnaire in the facility. Samples were excluded
if complications such as premature rupture of membranes, an-
tepartum hemorrhage, or genital ulcers were present. If a woman
contributed her first samples at ANC, follow-up samples were
requested at labor/delivery occurring in facilities. At each visit,
Dacron swabs were used to collect two samples from each woman,
one rectal and one vaginal. Neonatal samples were collected at day
6 after birth, coinciding with an existing follow-up visit in the on-
going Birhan Cohort. Either perirectal or stool samples were col-
lected based on the family’s preference. Families could refuse to
provide samples at any time.

Swabs were stored in facility refrigerators for up to 24 hours
before being transported to Debre Birhan Hospital, the referral hos-
pital for the North Shewa Zone. At Debre Birhan Hospital, samples
were stored at 2-8°C for up to 3 weeks (typically <14 days) be-
fore shipment to the National Institute for Communicable Diseases
(NICD) in South Africa. Standardized sample transportation tech-
niques (e.g., triple packaging of samples) were used to maintain
the viability of organisms and safety of the public and environ-
ment.

Sample processing

Phenotypic identification, antimicrobial susceptibility testing,
molecular testing, and whole genome sequencing were performed
at NICD, a division of National Health Laboratory Service (NHLS),
South Africa. Interpretation of susceptibility breakpoints was ac-
cording to Standard Clinical and Laboratory Standards Institute
(CLSI) guidelines [13]. We conducted polymerase chain reaction
(PCR) for ESBL-producing organisms to detect TEM, SHV, and CTX-
M genes. TEM and SHV are common beta-lactamases whose vari-
ants may exhibit enhanced resistance against extended-spectrum
cephalosporins [14]. Whole genome sequencing (WGS) was per-
formed for CRE isolates only. For details, please see Supplementary
Methods.

Statistical analysis

Carriage prevalence at each time point was calculated as the
proportion of positive samples over the number of total samples.
We also evaluated the proportion of women and children who
tested positive for each organism in any sample and at any time
point. Due to relatively small sample sizes, the Fisher exact test
was used to statistically evaluate associations between carriage
outcomes and potential risk factors, and an alpha level of 0.05 was
used to determine significance. Data cleaning and analysis were
conducted in R (version 4.2.0) [15].

Results

In total, 460 samples were collected from 211 women at ANC
and/or delivery, and 159 samples were collected from neonates
at day 6 after birth (Figure 1). Many women were not followed
up at labor/delivery due to delivering at home (26/152, 17.1%) or
at night (106/152, 69.7%) when study data collectors were not
present, or other unknown reasons (20/152, 13.2%). In addition, 56
women who gave samples at ANC and/or labor/delivery did not
have neonates who contributed to the study due to ending of the
study period (26/56, 46.4%), unavailability of data collector (11/56,
19.6%), missed visits due to social unrest (5/56, 8.9%), family refusal
(4/56, 7.1%), migration out of the study area (4/56, 7.1%), stillbirth
or early neonatal death (4/56, 7.1%), or sample rejection at the lab
(2/56, 3.6%).

Overall, 22.3% of women were positive for ESBL-producing or-
ganisms considering any time point or sample type and 0.9% were
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211 women consented to
participate in study and
provided samples

152 women were not
sampled at delivery due

to timing of the delivery, [«
delivery at a different
location, or other reasons

A

171 women gave 1st
sample at ANC

y

19 women gave 2nd
sample at delivery

40 women gave 1st
sample at delivery

A

A

108 neonates gave sample
at Day 6
(3 pairs of twins)

15 neonates gave sample
at Day 6
(0 pairs of twins)

36 neonates gave sample
at Day 6
(1 pair of twins)

Figure 1. Study flow chart.

Table 1
Carriage prevalence of ESBL-producing organisms and CRE among mothers and neonates by time point and sampling site.
ESBL CRE

Sample type Time point Sample size % (95% CI) % (95% CI)
Maternal samples
Unique women, any Any 211 22.3 (16.8, 28.5) 0.9 (0.1, 3.4)
sample type
Rectal ANC 171 19.9 (14.2, 26.7) 0 (0, 2.1)
Vaginal ANC 171 0.6 (0.01, 3.2) 0 (0, 2.1)
Rectal Labor/delivery 59 22.0 (12.3, 34.7) 3.4 (04, 11.7)
Vaginal Labor/delivery 59 0 (0, 6.1) 0 (0, 6.1)
Neonatal samples
Unique children, any Day 6 159 24.5 (18.1, 32.0) 2.5 (0.7, 6.3)
sample type
Perirectal Day 6 73 24.7 (15.3, 36.1) 2.7 (0.3, 9.5)
Stool Day 6 86 24.4 (15.8, 34.9) 2.3 (0.3, 8.1)

ANC, antenatal care; CRE, carbapenem-resistant Enterobacterales; ESBL, extended-spectrum-beta-lactamase.

positive for CRE (Table 1). ESBL was more common in rectal swabs
compared to vaginal swabs (19.9% vs 0.6% at ANC and 22.0% vs
0% at labor/delivery). Carriage prevalence among neonates followed
a similar overall pattern, with CRE being much rarer than ESBL.
Across all sample types, 24.5% of neonates were positive for ESBL-
producing organisms, and 2.5% were positive for CRE. The major-
ity of ESBL-producing isolates were Escherichia coli (82/102, 80.3%),
followed by Klebsiella pneumoniae (13/102, 12.7%) and Enterobacter
cloacae (7/102, 6.9%). In most cases, one ESBL-producing organism
was isolated per specimen; two different organisms were isolated
from the same swab in 15 out of 87 cases (17.2%). The majority of
ESBL-producing isolates carried the CTX-M-1 gene only (30.7%) or
TEM and CTX-M-1 (42.6%) (Supplementary Table 2).

All 16 CRE isolates harbored more than one resistance gene
(Supplementary Table 3). Among these sequenced isolates, 11 were
identified as E. coli, 3 as K. pneumoniae, and 2 as E. cloacae. Five
isolates harbored the carbapenemase OXA-1 gene (31.3%), two had
NDM-1 (12.5%), one had NDM-5 (6.3%), and one had a point mu-
tation in the ompK37 locus (6.3%), which can confer resistance to
carbapenems and other beta-lactams through reduced permeabil-
ity. The majority of CRE isolates (94%) carried at least one beta-
lactamase gene, in different combinations; the most common was
CTX-M-15 (68.8%), followed by TEM-1 (43.8%).

Maternal carriage of ESBL-producing organisms was positively
associated with neonatal carriage, with 38.7% of ESBL-positive
women having children who were ESBL-positive in the first week
of life compared to 21.1% of women who were never ESBL-positive
(Fisher exact test P-value = 0.06) (Figure 2). Among the 12 mother-
baby pairs that were ESBL-positive, all of the women carried E.
coli; eight of the neonates also had only E. coli, one neonate had
E. coli and E. cloacae, one neonate had E. coli and K. pneumo-
niae, one neonate had only E. cloacae, and one neonate had only
K. pneumoniae. Only one woman whose neonate was also sam-
pled tested positive for CRE. In addition, four neonates tested pos-
itive for CRE despite having mothers who were not positive during
pregnancy. The positive association between maternal and neona-
tal ESBL carriage persisted when restricting to maternal samples
at labor/delivery (n = 51 mother-baby pairs; ESBL P-value <0.01)
(Supplementary Figure 1). Among the four women whose neonates
did not contribute samples due to stillbirth or early neonatal death,
two were positive for ESBL and one was positive for CRE at ANC or
labor/delivery=.

Maternal carriage of ESBL-producing organisms was signifi-
cantly associated with sample type (20.4% rectal vs 0.4% vagi-
nal), Woreda of sample collection (42.0% in Kewot/Shewa Ro-
bit vs 7.7% in Angolela Tera), and location of sample collection
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a b
Neonate status Neonate status

Maternal status Maternal status
(any time point) ESBL- ESBL+ | Total (any time point) CRE- CRE+ | Total

101 27 128 154 4 158
ESBL- (78.9%) | (21.1%) CRE- (97.5%) | (2.5%)

19 12 31 1 0 1
ESBL+ (61.3%) | (38.7%) CRE+ (100%) (0%)
Total 120 39 159 Total 155 4 159

Figure 2. 2x2 tables comparing carriage of ESBL-producing organisms (a) and CRE (b) in mothers at any point during pregnancy and their neonates. Carbapenem-resistant

Enterobacterales (CRE); extended-spectrum-beta-lactamase (ESBL).

(38.2% in hospitals vs 17.9% in health centers) (Table 2). CRE
was also only found on rectal swabs. Although none of the clin-
ical characteristics reached statistical significance, there is evi-
dence that recent antibiotic use is associated with carriage of
ESBL-producing organisms (27.2% among women who took an-
tibiotics in the last 3 months vs 20.5% among women who
did not) and CRE (4.5% vs 0.5%). The most common antibi-
otics taken were amoxicillin (9/22, 40.9%), cephalexin (3/22,
13.6%), and chloramphenicol (2/22, 9.1%). Maternal carriage of
ESBL-producing organisms was positively associated with finished
household floors and lack of animal cohabitation. Other environ-
mental characteristics such as household size, toilet type, water
source, and livestock ownership were not associated with car-
riage of ESBL-producing organisms. Only 19 women contributed
samples at both ANC and labor/delivery; among these women,
one was ESBL-positive at both time points, three were ESBL-
positive at ANC only, and two were ESBL-positive at labor/delivery
only.

As with the maternal samples, ESBL-producing organisms were
more common among neonates in Kewot/Shewa Robit (46.6%)
compared to Angolela Tera (11.9%) (Table 3). In addition, early
exposure to antibiotics, either from maternal exposure at la-
bor/delivery or after birth, was associated with neonatal carriage
of ESBL-producing organisms and CRE. Among the nine neonates
who received antibiotics in the first week of life, 66.7% and 22.2%
tested positive for ESBL-producing organisms and CRE, respectively,
compared to 22.7% and 1.4% among neonates who did not receive
antibiotics; in most cases (7/9, 77.8%), ampicillin was administered
in combination with at least one other antibiotic, typically gen-
tamicin (5/7, 71.4%), but ceftriaxone, cefotaxime, ceftazidime, van-
comycin, metronidazole, and cloxacillin were also administered to
at least one neonate each. A much higher proportion of neonates
born in the hospital tested positive for ESBL-producing organisms
compared to neonates born in the community (51.5% vs 13.6%).
In addition, all four neonates who tested positive for CRE were
born in a health center or hospital. Both neonates who received
care in a health facility in the first week of life also tested pos-
itive for ESBL-producing organisms. None of the environmental
characteristics we explored were associated with neonatal carriage
outcomes.

One case of neonatal sepsis occurred among the infants in our
study. This case occurred prior to the Day 6 visit, which took place
in the hospital, and was treated with the standard regimen of
ampicillin and gentamicin. This neonate tested positive for both
CRE and ESBL on Day 6, but we cannot determine whether these
organisms were involved in the infection, arose during treatment,
or were acquired later.

Carriage prevalence of Group B Streptococcus

All samples were also assessed for presence of GBS. Overall, we
found that carriage prevalence of GBS was rare in our study popu-
lation. Only one woman tested positive for GBS at any time point
(0.5%, at ANC). Two neonates tested positive (1.3%), though neither
of their mothers tested positive. Both positive neonates were born
in a health facility.

Discussion

Among 211 pregnant women and 159 of their neonates in
Ambhara, Ethiopia, carriage prevalence of ESBL-producing organisms
was around 25%, and carriage prevalence of CRE and GBS were
less than 3%. Carriage of ESBL-producing organisms was associated
with recent exposure to antibiotics and healthcare settings, though
these relationships were not statistically significant for the ma-
ternal samples. In addition, ESBL-producing organisms were more
common in rectal compared to vaginal maternal samples and in
Kewot/Shewa Robit, where the climate is warmer and rainier com-
pared to Angolela Tera. Maternal carriage of ESBL-producing organ-
isms at ANC or labor/delivery was associated with neonatal car-
riage in the first week of life.

There were 27, 4, and 2 newborns who tested positive for ESBL-
producing organisms, CRE, and GBS, respectively, but had mothers
who did not test positive during pregnancy. In most cases (21 ESBL,
2 CRE, 1 GBS), the women contributed samples at ANC only; it is
possible that they acquired the organisms later in pregnancy and
would have tested positive at labor/delivery. Interventions to com-
bat vertical transmission could include regular screening or mater-
nal vaccination. However, the neonates may also have become col-
onized through different pathways. Investigation of such pathways
may be important to inform future interventions to prevent neona-
tal carriage and potential infection with these pathogens. Many of
the neonates with either ESBL-producing organisms (10/27, 37%) or
CRE (3/4, 75%) were exposed to antibiotics during labor/delivery or
after birth, which may have been selected for antibiotic-resistant
organisms. Many of the neonates were also born in a hospital
(11/27 or 41% for ESBL, 3/4 or 75% for CRE) or health center (11/27
or 41% for ESBL, 1/4 or 25% for CRE), where they may have been
exposed to antibiotic-resistant organisms.

To our knowledge, this was the first study to measure asymp-
tomatic carriage prevalence of antimicrobial-resistant organisms
and GBS in rural Ethiopia. The colonization prevalence estimates
in our study were lower than existing reports from Ethiopia,
a difference that may be partially attributable to study popula-
tion. For example, a meta-analysis found that the prevalence of
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Associations between sample, clinical, and environmental characteristics and carriage outcomes in pregnant women. Unless otherwise noted, the unit of analysis was the
individual-visit (n = 171 ANC visits + 59 labor/delivery visits = 230); the unit was considered positive if either the rectal or vaginal swab returned a positive result.

Variable ESBL CRE
Sample size . - . X
Positive Negative P-value Positive Negative P-value
n (%) n (%) n (%) n (%)
Sample characteristics
Sample type®
Rectal 230 47 (20.4) 183 (79.6) <0.01 2 (0.9) 228 (99.1) 0.5
Vaginal 230 1(0.4) 229 (99.6) 0(0) 230 (100)
Woreda of sample collection
Angolela Tera 142 11 (7.7) 131 (92.3) <0.01 0(0) 142 (100) 0.15
Kewot/Shewa Robit 88 37 (42.0) 51 (58.0) 2 (2.3) 86 (97.7)
Facility type of sample collection
Health center 196 35(17.9) 161 (82.1) 0.011 2 (1.0) 194 (99.0) 1
Hospital 34 13 (38.2) 21 (61.8) 0(0) 34 (100)
Clinical characteristics
Sample collected before membrane rupture (labor/delivery samples only)
Yes 43 9 (20.9) 34 (79.1) 0.83 0(0) 43 (100) 0.12
No 14 4 (28.6) 10 (71.4) 2 (14.3) 12 (85.7)
Missing 2 0(0) 2 (100) 0 (0) 2 (100)
Received antibiotics within 3 months before sample collection
Yes 22 6 (27.2) 16 (72.8) 0.55 1 (4.5) 21 (95.5) 0.21
No 205 42 (20.5) 163 (79.5) 1 (0.5) 204 (99.5)
Missing 3 0 (0) 3 (100) 0(0) 3 (100)
Hospitalized within 3 months before sample collection
Yes 2 1 (50.0) 1 (50.0) 0.45 0(0) 2 (100) 1
No 225 47 (20.9) 178 (79.1) 2 (0.9) 223 (99.1)
Missing 9 0 (0) 3 (100) 0(0) 3 (100)
Environmental factors
Residence type
Rural 173 38 (22.0) 135 (78.0) 0.57 2(1.2) 171 (98.8) 1
Urban 57 10 (17.5) 47 (82.5) 0(0) 57 (100)
Household size
Four individuals (median) or fewer 112 30 (26.8) 82 (73.2) 0.11 1(0.9) 111 (99.1) 1
More than four individuals 69 10 (14.5) 59 (85.5) 1(1.4) 68 (98.6)
Missing 49 8 (16.3) 41 (83.7) 0 (0) 49 (100)
Type of toilet at home
Pit latrine with slab 32 3(9.4) 29 (90.6) 0.14 0(0) 32 (100) 1
Pit latrine without slab 74 21 (28.4) 53 (71.6) 1(1.4) 73 (98.6)
Other 75 16 (21.3) 59 (78.7) 1(1.3) 74 (98.7)
Missing 49 8 (16.3) 41 (83.7) 0(0) 49 (100)
Drinking water source at home
Piped to home or nearby 50 11 (22.0) 39 (78.0) 0.44 1(2.0) 49 (98.0) 0.71
Public tap 58 16 (27.6) 42 (72.4) 0(0) 58 (100)
Well, spring, or surface water 71 13 (18.3) 58 (81.7) 1(1.4) 70 (98.6)
Missing 51 8 (15.7) 43 (84.3) 0(0) 51 (100)
Flooring material at home
Natural 121 20 (16.5) 101 (83.5) 0.027 2 (1.7) 119 (98.3) 1
Finished 60 20 (33.3) 40 (66.7) 0(0) 60 (100)
Missing 49 8 (16.3) 41 (83.7) 0(0) 49 (100)
Own livestock
Yes 89 17 (19.1) 72 (80.9) 0.44 1(1.1) 88 (98.9) 1
No 92 23 (25.0) 69 (75.0) 1(1.1) 91 (98.9)
Missing 49 8 (16.3) 41 (83.7) 0(0) 49 (100)
Domestic animals cohabitate with humans
Yes 42 3(7.1) 39 (92.9) 0.022 1(24) 41 (97.6) 0.23
No 120 26 (21.7) 94 (78.3) 0(0) 120 (100)
Missing 68 19 (27.9) 49 (72.1) 1(1.5) 67 (98.5)

2 The unit of analysis for this variable was each sample.

CRE, carbapenem-resistant Enterobacterales; ESBL, extended-spectrum-beta-lactamase.

ESBL-producing gram-negative bacteria across 17 studies in
Ethiopia was 48.9% (95% CI: 40.2, 57.75) [16] compared to 20-25%
in our study. Nearly all studies in the meta-analysis used clini-
cal samples from patients visiting or staying in a health facility,
which may have led to higher prevalence estimates. CRE has not
been frequently measured in Ethiopia, but two facility-based stud-
ies have reported prevalence estimates of 2.4% (NICU) and 12.12%
(inpatients and outpatients <15 years old) for carbapenemase-
producing gram-negative bacteria in clinical samples from children
[17,18], compared to our estimate of 2.5% among children in the
community. Finally, a recent systematic review of 16 studies in
Ethiopia estimated that GBS prevalence in pregnant women was

16% (95% CI: 13, 20) [19] compared to 0.5% in our study. How-
ever, the majority of studies were conducted in large cities, where
prevalence may differ from rural regions.

Existing studies of colonization in pregnant women and their
babies have focused on GBS; a meta-analysis of 31 studies of moth-
ers colonized with GBS estimated that 38.9% (95% Cl: 29.6, 48.2)
of their newborns had surface GBS colonization [20], similar to
our estimate of 38.7% for ESBL-producing organisms shared be-
tween mothers and children. We also explored clinical and en-
vironmental risk factors that were previously shown to be asso-
ciated with colonization of antimicrobial-resistant organisms [21],
but likely did not have enough power to detect significant associa-
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Table 3
Associations between sample, clinical, and environmental characteristics and carriage outcomes in neonates.
Variable Sample size ESBL CRE
Positive Negative P-value Positive Negative P-value
n (%) n (%) n (%) n (%)
Sample characteristics
Sample type
Perirectal 73 18 (24.7) 55 (75.3) 1 2 (2.7) 71 (97.3) 1
Stool 86 21 (24.4) 65 (75.6) 2(2.3) 84 (97.7)
Woreda of sample collection
Angolela Tera 101 12 (11.9) 89 (88.1) <0.01 2 (2.0) 99 (98.0) 0.62
Kewot/Shewa Robit 58 27 (46.6) 31 (53.4) 2 (3.4) 56 (96.6)
Location of sample collection
Community 141 32 (22.7) 109 (77.3) 0.16 1(0.7) 140 (99.3) <0.01
Health center or hospital 1 1 (100) 0 (0) 1 (100) 0 (0)
Other 1 0 (0) 1 (100) 0(0) 1 (100)
Missing 16 6 (37.5) 10 (62.5) 2 (12.5) 14 (87.5)
Clinical characteristics
Preterm birth
Yes 19 4(21.1) 15 (78.9) 0.70 1(5.3) 18 (94.7) 0.48
No 135 33 (24.4) 102 (75.6) 3(2.2) 132 (97.8)
Missing 5 2 (40.0) 3 (60.0) 0 (0) 5(100)
Location of birth
Community 22 3(13.6) 19 (86.4) <0.01 0 (0) 22 (100) 0.09
Health center 98 17 (17.3) 81 (82.7) 1(1.0) 97 (99.0)
Hospital 33 17 (51.5) 16 (48.5) 3(9.1) 30 (90.9)
Missing 6 2 (33.3) 4 (66.7) 0(0) 6 (100)
Mother received antibiotics at labor/delivery
Yes 24 11 (45.8) 13 (54.2) 0.036 2 (8.3) 22 (91.7) 0.15
No 110 22 (20.0) 88 (80.0) 2(1.8) 108 (98.2)
Missing 25 6 (24.0) 19 (76.0) 0 (0) 25 (100)
Received antibiotics after birth
Yes 9 6 (66.7) 3(33.3) 0.011 2(22.2) 7 (77.8) 0.03
No 141 32 (22.7) 109 (77.3) 2 (1.4) 139 (98.6)
Missing 9 1(11.1) 8 (88.9) 0 (0) 9 (100)
Received care in facility after birth
Yes 2 2 (100) 0 (0) 0.046 0 (0) 2 (100) 0.12
No 140 31 (22.1) 109 (77.9) 2 (1.4) 138 (98.6)
Unknown 1 0 (0) 1 (100) 0 (0) 1 (100)
Missing 16 6 (37.5) 10 (62.5) 2 (12.5) 14 (87.5)
Environmental factors
Residence type
Rural 128 34 (26.6) 94 (73.4) 0.26 3(2.3) 125 (97.7) 0.58
Urban 31 5(16.1) 26 (83.9) 1(3.2) 30 (96.8)
Household size
Four individuals or fewer 72 20 (27.8) 52 (72.2) 0.62 4 (5.6) 68 (94.4) 0.14
More than four individuals 55 11 (20.0) 44 (80.0) 0(0) 55 (100)
Missing 32 8 (25.0) 24 (75.0) 0 (0) 32 (100)
Type of toilet at home
Pit latrine with slab 22 6 (27.3) 16 (72.7) 0.99 1(4.5) 21 (95.5) 0.15
Pit latrine without slab 52 12 (23.1) 40 (76.9) 0 (0) 52 (100)
Other 53 13 (24.5) 40 (75.5) 3 (5.7) 50 (94.3)
Missing 32 8 (25.0) 24 (75.0) 0 (0) 32 (100)
Drinking water source at home
Piped to home or nearby 25 5 (20.0) 20 (80.0) 0.70 0 (0) 25 (100) 0.48
Public tap 47 14 (29.8) 33 (70.2) 1(2.1) 46 (97.9)
Well, spring, or surface water 53 11 (20.8) 42 (79.2) 3(5.7) 50 (94.3)
Missing 34 9 (26.5) 25 (73.5) 0 (0) 34 (100)
Flooring material at home
Natural 88 21 (23.9) 67 (76.1) 0.97 3(34) 85 (96.6) 0.81
Finished 39 10 (25.6) 29 (74.4) 1(2.6) 38 (97.4)
Missing 32 8 (25.0) 24 (75.0) 0 (0) 32 (100)
Own livestock
Yes 64 12 (18.8) 52 (81.2) 0.31 1(1.6) 63 (98.4) 0.43
No 63 19 (30.2) 44 (69.8) 3(4.8) 60 (95.2)
Missing 32 8 (25.0) 24 (75.0) 0(0) 32 (100)
Domestic animals cohabitate with humans
Yes 25 5 (20.0) 20 (80.0) 0.66 0 (0) 25 (100) 0.62
No 94 22 (23.4) 72 (76.6) 2(2.1) 92 (97.9)
Missing 40 12 (30.0) 28 (70.0) 2 (5.0) 38 (95.0)

CRE, carbapenem-resistant Enterobacterales; ESBL, extended-spectrum-beta-lactamase.
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tions in some cases. As expected, prior antibiotic use emerged as a
risk factor for carriage of ESBL-producing organisms. This associa-
tion may not have been significant for pregnant women as they
could have taken antibiotics up to 3 months prior to sampling,
while for neonates, antibiotic exposure occurred within a week
prior to sampling. ESBL-producing organisms were more common
among both pregnant women and neonates in Kewot/Shewa Ro-
bit Woreda, which is warmer, rainier, and at lower altitude than
Angolela Tera, supporting prior studies that have identified a pos-
itive association between warmer temperatures and resistance in
gram-negative bacteria [22,23]. This finding may also reflect dif-
ferences in healthcare seeking behavior, antibiotic use, and/or in-
fection prevalence between the Woredas, though further research
is needed to measure these factors. Maternal carriage of ESBL-
producing organisms was also associated with household floor-
ing material and cohabitation with domestic animals. Prevalence
was higher among women with finished floors compared to nat-
ural floors and among households in which animals did not share
rooms with humans. These observations run counter to our expec-
tations and may be the result of confounding; for example, women
with higher socioeconomic status may be more likely to have fin-
ished floors and also more likely to receive care at hospitals and
be exposed to antibiotic-resistant organisms.

Our study has many strengths. We leveraged the well-
characterized maternal and child health cohort of the Birhan HDSS
in Amhara, Ethiopia. Due to the existing infrastructure, we were
able to follow mother-baby pairs from ANC to after birth. As data
is available on all households and pregnant women and children
are followed up frequently as part of the cohort, we had detailed
information on clinical, environmental, socioeconomic, and demo-
graphic factors. Compared to the full cohort of pregnant women,
our study participants were slightly older (median age 28 vs 26.5
years old), more likely to be from the Angolela/Tera Woreda (61%
vs 44%), and more likely to have facility births (85% vs 74%) [24,25].
Sample processing and validation were conducted by a trained
team at NICD in South Africa. PCR and WGS techniques were used
to identify antibiotic resistance genes; this type of data is sparse
for rural, low- and middle-income country settings.

However, our study was also subject to several limitations.
First, we were unable to collect samples for many women at la-
bor/delivery due to time of delivery (e.g., delivering at night when
our data collectors were not available to collect samples), or lo-
cation of delivery. Although carriage at labor/delivery would likely
be the most indicative measure of neonatal carriage, the samples
collected at late-term antenatal care (after 35 weeks) reflect the
typical time period for screening of GBS [26]. In addition, as dis-
cussed above, our methods did not allow us to distinguish between
vertical transmission or shared environmental exposure when both
mother and baby were colonized. Next, due to the small sample
size, we were unable to control for confounding through multi-
variate analyses; however, the associations reported here may con-
tribute to hypotheses for future research. Lastly, we limited our
study to neonatal colonization rather than neonatal infection, as
assessing this relatively rare outcome prospectively would have re-
quired a very large sample size. However, because we are nested
within an ongoing surveillance cohort, we were able to observe
one case of neonatal sepsis that occurred in our study population.

Conclusions

In a rural area of Amhara, Ethiopia, maternal and neonatal car-
riage of ESBL-producing organisms was around 25%, and carriage
of CRE and GBS were very rare. Neonates whose mothers tested
positive for ESBL-producing organisms at late-term antenatal care
or labor/delivery were roughly twice as likely to test positive in
the first week after birth. Based on our findings, future carriage
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studies of CRE and ESBL-producing organisms can focus on rec-
tal swabs, the source of nearly all isolates, over vaginal swabs. In
some cases, neonates carried ESBL-producing organisms, CRE, or
GBS even though their mothers did not, potentially due to an-
tibiotic use or exposure in health facilities. Increased monitoring
of ESBL-producing organisms may be warranted, particularly in
healthcare settings and in the Kewot/Shewa Robit Woreda, to un-
derstand transmission pathways and inform recommended inter-
ventions, such as maternal screening or vaccination for certain or-
ganisms. Our study helps to fill a knowledge gap regarding carriage
prevalence of key bacterial pathogens among pregnant women and
neonates in this region.
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