
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​​​/​​/​c​r​e​a​t​i​​
v​e​c​​o​m​m​​o​n​​s​​.​o​​r​​g​/​​l​i​c​​e​n​s​​​e​s​​/​​b​y​​​-​n​c​​​-​​n​​d​​/​​4​​.​0​/.

Shivji et al. Antimicrobial Resistance & Infection Control           (2025) 14:58 
https://doi.org/10.1186/s13756-025-01581-y

Antimicrobial Resistance & 
Infection Control

Key points

• ESCrE colonization is common in households in Botswana and 
varies by geographic region and time period.

*Correspondence:
Robert Gross
grossr@pennmedicine.upenn.edu
Ebbing Lautenbach
ebbing@pennmedicine.upenn.edu

Full list of author information is available at the end of the article

Abstract
Background  The epidemiology of community colonization with extended-spectrum cephalosporin-resistant 
Enterobacterales (ESCrE) in low- and middle-income countries (LMICs) is largely uncharacterized. In the community, 
the household is of particular importance. Identifying risk factors for household ESCrE colonization is critical to inform 
antibiotic resistance reduction strategies.

Methods  Participants were enrolled at 6 clinics in Botswana. All participants had rectal swabs collected for selective 
plating and confirmation of ESCrE. Data were collected on demographics, comorbidities, antibiotic use, healthcare 
exposures, travel, and farm/animal contact. Households were considered exposed if any member had the exposure 
of interest. Households with ESCrE colonization (cases) were compared to non-colonized households (controls) to 
identify risk factors for household ESCrE colonization.

Results  From 1/1/20 − 9/4/20, 327 households were enrolled. The median (IQR) number of people enrolled per 
household was 3 (2–4) ranging from 2 to 10. The median (IQR) age of subjects was 18 years (5–34) and 304 (93%) 
households included at least one child. Of 327 households, 176 (54%) had at least one household member colonized 
with ESCrE. Independent risk factors [adj OR (95%CI)] for household colonization were: (1) horse/donkey exposure 
[2.32 (1.05, 5.10)]; (2) yogurt consumption [1.73 (1.04, 2.88)]; (3) region [2.83 (1.48,5.43)]; and (4) enrollment during pre-
COVID lockdown [2.90 (1.66, 5.05)].
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Background
Infections due to multi-drug resistant gram-negative bac-
teria have become a global public health concern, due to 
high mortality rates and few effective treatments [1, 2, 3]. 
Specifically, extended-spectrum cephalosporin-resistant 
Enterobacterales (ESCrE) are classified by the Centers for 
Disease Control and Prevention (CDC) and the World 
Health Organization (WHO) as serious/critical threats 
[4, 5]. Elucidating the epidemiology of ESCrE coloniza-
tion is critical because colonization is a strong predictor 
of subsequent ESCrE infection and because individuals 
colonized with ESCrE may serve as reservoirs for trans-
mission [6, 7, 8, 9]. The emergence of these organisms has 
been primarily studied in hospital settings, but studies 
addressing risk factors for acquisition and transmission 
within the community are few [10, 11]. Given the increas-
ing global prevalence of ESCrE in community settings, 
studying its epidemiology is critical if efforts to curtail 
further emergence of ESCrE are to be successful [12, 13]. 
Low and middle income countries (LMICs) have often 
reported higher rates of community ESCrE colonization 
and lack surveillance infrastructure to track the spread 
of antibiotic resistant organisms [14, 15, 16, 17, 18, 19]. 
Despite this, the vast majority of studies that have inves-
tigated community transmission dynamics have been 
conducted in high income countries [6, 10, 20, 21, 22]. 
As such, there is an urgent need to better define the epi-
demiology of community ESCrE colonization in LMICs. 
In the community, the household is likely of particular 
importance as it is the setting in which individuals spend 
a majority of their time and may serve as a site of poten-
tial transmission. In this study, we analyzed households 
from three regions in Botswana and determined risk fac-
tors for colonization on a household level.

Methods
This research was conducted as part of the Antibiotic 
Resistance in Communities and Hospitals (ARCH) col-
laborative assessing antibiotic resistance in numerous 
global settings. This study was reviewed and approved by 
the institutional review boards of the University of Penn-
sylvania, University of Botswana, and the Botswana Min-
istry of Health and Wellness.

Study sites
As described previously [23, 24], this study was con-
ducted as part of a surveillance project in the capital city 
and two villages across three districts in Botswana: (1) 
Gaborone; (2) Mochudi; and (3) Molepolole. Participants 
were enrolled from six outpatient clinics total, two from 
each region.

Study participants
Participants were enrolled from January 15, 2020, to 
September 4, 2020, with a pause during April 2, 2020, 
through May 21, 2020, due to a country-wide COVID-
19 lockdown. Patients (> 18 years old) at a participating 
clinic were randomly selected for the study from among 
all patients present at the clinic at that time. If a partici-
pant provided informed consent, they were interviewed 
and underwent rectal swabbing by a trained research 
nurse. The next participant was then selected at random 
from among the clinic patients present.

Each enrolled clinic patient was asked to refer, if pos-
sible, three additional adults to the study. Referrals were 
encouraged to be from both within and outside the 
enrolled participant’s household. In addition, all adults 
were asked to refer their children for participation. All 
referrals were enrolled in the same manner as the clinic 
patients. Community participants were enrolled within 
two weeks of the referring clinic patient’s enrollment. 
Each participant could be enrolled only once.

Since the goal of this project was to evaluate house-
hold colonization with ESCrE, only those participants 
who referred at least one other household member were 
included. In this way, each household enrolled in the cur-
rent study had at least two people from the household 
enrolled (i.e., there were no single person households). 
An index participant was defined as the first individual to 
be enrolled in the household.

Microbiological evaluation
All rectal swab samples were collected using FecalSwabs 
(Copan Italia, Brescia, Italy) according to the previously 
described workflow [24, 25]. Swabs were inoculated onto 
chromogenic media (CHROMagar™ ESBL) for prelimi-
nary identification of ESCrE. Further identification and 
phenotypic susceptibility testing was conducted using the 
VITEK MS matrix-assisted laser desorption/ionization-
time of flight mass spectrometry system (bioMerieux, 

Conclusions  ESCrE household colonization was common with evidence of geographic variability as well as a 
possible role of animal exposure. The role of yogurt exposure requires further study with consideration of source 
(commercial, homemade). Further prospective studies of household ESCrE colonization with longitudinal assessments 
of exposures are required to identify effective prevention strategies.
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Durham, USA) and VITEK-2 with the AST-GN89 card 
(bioMerieux, Durham, USA), respectively. ESCrE were 
defined as Enterobacterales demonstrating nonsuscepti-
bility to ceftriaxone or ceftazidime [26]. This definition 
was designed as a phenotypic definition of likely ESBL-
producing Enterobacterales (ESBL-EB).

Data collection
Clinical data were collected by the research nurse dur-
ing each participant’s enrollment. Each participant from 
a new household was given a household ID to track sub-
sequent participants who identified as being part of the 
same household. We asked about demographics, comor-
bidities, exposures to the healthcare system (specifically 
hospitals and clinics) in the last six months, travel within 
the past six months, and antibiotic use in the last six 
months. Further information was collected on activities 
such as tending of crops and animals; handling and prep-
aration of fish, chicken, and meat; and handling, treat-
ing, or disposing of waste from outside the household. In 
addition, we asked about main sources of drinking water 
and water for other purposes, along with sanitation facili-
ties. We also inquired about general animal exposure 
and specific food consumption (e.g., meat, eggs, yogurt), 
along with the frequency of these behaviors. Lastly, we 
assessed household characteristics including number 
and ages of people in the household and how many other 
members of the household were also enrolled in the 
study.

Data analysis
The goal of this project was to compare households 
in which there was at least one person colonized with 
ESCrE (case households) to those households in which 
no one was ESCrE colonized (controls). While various 
data elements were ascertained from individual house-
hold members, categorization of these variables was 
conducted at the household level. For example, while we 
assessed recent travel in all household enrollees, we cat-
egorized travel as having been present in the household if 
any household member reported a positive travel history.

In unadjusted comparisons of case and control house-
holds, continuous variables were compared using the 
Student’s t-test or Wilcoxon rank-sum test, and categori-
cal variables were compared using the χ2 or Fisher exact 
test. For the adjusted analyses, multivariable logistic 
regression was employed. Variables from bivariable anal-
yses with p values < 0.20 were considered for inclusion 
in the final multivariable model. Variables were forced 
into the model based on biologic plausibility and col-
linear variables were excluded. Collinearity was investi-
gated by assessing the variance inflation factor level. We 
evaluated whether a statistical interaction was present 
between the exposures and outcome of interest based on 

the time period (i.e., pre- vs. post-lockdown) as well as 
based on the geographic region (i.e., Gaborone, Mochudi, 
Molepolole).

Variables were retained in the final model if they had a 
p value of < 0.05 in the multivariable model or based on 
a priori hypothesis. The strength of the association was 
measured using an odds ratio (OR). A 95% confidence 
interval (CI) was also calculated for each effect estimate. 
All analyses were performed using STATA v.18 (Stata-
Corp, 2021) or R (R Core Team, 2021).

A secondary analysis included only those households 
in which at least one member was colonized with ESCrE. 
Within this subset, we compared households with more 
than one person colonized (i.e., case households) to 
households with only one person colonized (i.e., control 
households). The approach to unadjusted and adjusted 
analyses described above was also employed for this sec-
ondary analysis.

Results
During the study period, 1101 individuals were enrolled. 
This was comprised of 327 index participants and thus 
327 households (Table  1). Among all households, 109 
(33.3%) were enrolled in Gaborone, 131 (40.1%) were 
enrolled in Mochudi, and 87 (26.6%) were enrolled in 
Molepolole.

The median (interquartile range; IQR) number of peo-
ple enrolled per household was 3 [2, 3, 4], ranging from 2 
to 10. The median age (IQR) of index participants was 34 
(27–43) and 290 (88.7%) were female. The median (IQR) 
age of individuals enrolled in households was 18 (5–34) 
and 304 (92.9%) households included at least one child. 
The median proportion of people available in a house-
hold that were enrolled was 0.71 (0.5-1.0).

Of 327 households, 176 (53.82%) had at least one 
household member colonized with ESCrE.

The index participant was colonized in 98 of 176 
households (55.68%); in 78 (44.32%), the index partici-
pant was not colonized but at least one other household 
member was colonized. Of a total of 345 ESCrE isolated, 
280 (81.2%) were Escherichia coli, 51 (14.8%) were Kleb-
siella pneumoniae, 8 (2.3%) were Citrobacter species, 5 
(1.5%) were Enterobacter species, and 1 was E. fergusonii. 
Among all 345 ESCrE, the percent susceptible to various 
antibiotics were: meropenem (99.7%), amikacin (99.7%), 
ertapenem (98.6%), piperacillin (90.7%), tobramycin 
(88.4%), gentamicin (85.5%), nitrofurantoin (83.2%), cip-
rofloxacin (61.5%), cefepime (50.1%), and tetracycline 
(29.6%).

Among the 176 households, 103 (31.5%) had one per-
son colonized, 41 (12.6%) had two people colonized, 17 
(5.2%) had three people colonized, 11 (3.4%) had four 
people colonized, and 4 (1.2%) had five people colonized. 
Among households in which there were multiple ESCrE 
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isolates identified, the proportion of households for 
which the same species of organism was found from mul-
tiple isolates from within the household was 87.4%.

When comparing the pre-lockdown and post-lock-
down periods, the median (IQR) number of people 
enrolled per household (regardless of colonization status) 
was 3 [2, 3, 4] in both periods. Of the households enrolled 
pre-lockdown and post-lockdown in which at least one 
person was ESCrE-colonized, the median (IQR) propor-
tion of people ESCrE- positive in the household was 0.5 
(0.33–0.67) and 0.5 (0.33–0.57), respectively. Finally, of 
the households enrolled pre-lockdown and post-lock-
down in which at least one person was ESCrE-colonized, 
the median (IQR) number of people ESCrE- positive in 
the household was 1 (1–2) and 1 (1–2), respectively.

In comparing case and control households, antibi-
otic use and recent travel among household members 
were not significant risk factors for ESCrE colonization 
(Table  1). When looking at healthcare exposure, case 
households were more likely to have at least one indi-
vidual who visited a hospital for care and more likely to 
have visited a hospital for any reason (Table 1). In terms 
of animal exposure, case households were significantly 
more likely to have interacted with livestock and horses/

donkeys in the past week (Table 2). In terms of food con-
sumption, yogurt consumption was significantly more 
common in case households (Table 2). Goat milk was of 
borderline significance. When looking at sanitation facili-
ties, case households were significantly more likely to 
have a pit latrine without a slab than to have a flush to 
septic tank facility (Table 3). Cases were also more likely 
to not have soap for handwashing (Table 3). The median 
(IQR) number of people enrolled per household was 4 [3, 
4, 5] in both case and control households.

In stratified analyses, there was no effect modifica-
tion by time period (i.e., pre- vs. post-lockdown) or geo-
graphic region (i.e., Gaborone, Mochudi, Molepolole).

In multivariable analyses, we found the following 
variables to be significant risk factors for household 
ESCrE colonization: horse/donkey exposure [adj OR 
(95%CI) = 2.25 (1.03–4.91); p = 0.04]; hospital exposure 
[adj OR (95%CI) = 1.73 (1.05–2.85; p = 0.03]; use of pit 
latrine without slab/open pit [adj OR (95%CI) = 4.13 
(1.53–11.11; p = 0.005]; yogurt consumption [adj OR 
(95%CI) = 1.90 (1.15–3.12); p = 0.011]; and geographic 
region (Gaborone) [adj OR (95%CI) = 2.66 (1.41–4.99); 
p = 0.002]. However, when controlling for time period 
(i.e., pre- vs. post-lockdown), both hospital exposure 

Table 1  Bivariable analyses: risk factors for household ESCrE Colonization– Demographics, comorbidities, travel, antibiotic exposure, 
and healthcare exposures
Variable Cases (ESCrE+)

(n = 176)
N (%)

Controls (ESCrE-)
(n = 151)
N (%)

OR (95%CI) P value

General
Median (IQR) age of people in household 19.5 (5–34) 17 (5–34) -- 0.99
# (%) households enrolled in the pre-lockdown period 95 (54.0) 39 (25.8) 3.36 (2.05–5.55) < 0.001
Region
# (%) Gaborone
# (%) Mochudi
# (%) Molepolole

72 (40.9)
67 (38.1)
37 (21.0)

37 (24.5)
64 (42.4)
50 (33.1)

--- 0.003

Travel outside the country in the past 6 months 8 (4.55) 6 (3.97) 1.15 (0.34–4.12) > 0.99
Comorbidities
Diabetes mellitus 5 (2.84) 4 (2.65) 1.07 (0.23–5.52) > 0.99
Respiratory disease 3 (1.7) 7 (4.64) 0.36 (0.06–1.6) 0.2
HIV 79 (44.89) 67 (44.37) 1.02 (0.64–1.62) > 0.99
Hypertension 30 (17.05) 32 (21.19) 0.76 (0.42–1.38) 0.4
Antibiotic use
Received at least one antibiotic in past 3 months 30 (17.05) 21 (13.91) 1.27 (0.67–2.46) 0.45
Healthcare Exposures
Visited hospital to receive care 69 (39.2) 45 (29.8) 1.52 (0.93–2.48) 0.08
Visited clinic to receive care 161 (91.48) 141 (93.38) 0.76 (0.30–1.88) 0.54
Visited hospital for reasons other than receiving care 42 (23.86) 27 (17.88) 1.44 (0.81–2.58) 0.22
Visited clinic for reasons other than receiving care 97 (55.11) 88 (58.28) 0.88 (0.55–1.40) 0.58
Visited hospital for any reason 83 (47.2) 57 (37.7) 1.47 (0.92–2.35) 0.10
Visited clinic for any reason 165 (93.8) 148 (98.0) 0.31 (0.05–1.18) 0.097
Notes:

Healthcare exposures assessed in six months prior to enrollment

Variables reported only if present in at least 10 households or p ≤ 0.20, or associations of interest

Exposure considered present if noted in at least one household member
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and pit latrine use did not retain significance in the final 
model (Table  4). However, time period remained a sig-
nificant risk factor for ESCrE household colonization 
in the final model (i.e., household colonization greater 

pre-lockdown). Of note, there was no significant interac-
tion among variables in the final model.

In secondary analysis focused on only those house-
holds in which at least one member was colonized with 

Table 2  Risk factors for household ESCrE Colonization– Animal exposures and food consumption
Variable Cases (ESCrE+)

(n = 176);
N (%)

Controls (ESCrE-)
(n = 151);
N (%)

OR (95%CI) P value

Animal Exposures
Interacted with livestock 72 (40.91) 45 (29.8) 1.63 (1.00–2.66) 0.04
Interacted with chickens 99 (56.25) 77 (50.99) 1.23 (0.78–1.96) 0.37
Interacted with turkeys or ducks 9 (5.11) 5 (3.31) 1.57 (0.46–6.11) 0.59
Interacted with horses or donkeys 30 (17.05) 12 (7.95) 2.37 (1.13–5.31) 0.02
Interacted with swine 2 (1.14) 1 (0.66) 1.72 (0.09–102.33) > 0.99
Prepares fish chicken or other meats for consumption / sale 135 (76.7) 111 (73.51) 1.19 (0.69–2.02) 0.52
Food Consumption
Meat 163 (92.61) 135 (89.4) 1.48 (0.64–3.48) 0.33
Poultry 161 (91.48) 138 (91.39) 1.01 (0.43–2.37) > 0.99
Fish 68 (38.64) 50 (33.11) 1.27 (0.79–2.06) 0.36
Egg 113 (64.2) 90 (59.6) 1.21 (0.76–1.95) 0.42
Cow milk 156 (88.64) 137 (90.73) 0.80 (0.36–1.73) 0.59
Goat milk 8 (4.55) 16 (10.6) 0.40 (0.14–1.03) 0.054
Yogurt 131 (74.43) 88 (58.28) 2.08 (1.27–3.42) 0.002
Cheese 33 (18.75) 20 (13.25) 1.51 (0.80–2.92) 0.23
Fresh Vegetables 170 (96.59) 149 (98.68) 0.38 (0.04–2.17) 0.29
Fresh Fruit 164 (93.18) 139 (92.05) 1.18 (0.47–2.97) 0.83
Notes:

Exposure considered present if noted in at least one household member

All exposures assessed for the prior week

Table 3  Risk factors for household ESCrE Colonization - Water source, sanitation facilities, handwashing facilities, and waste handling
Variable Cases (ESCrE+)

(n = 176)
N (%)

Controls (ESCrE-)
(n = 151)
N (%)

OR (95%CI) P value

Main Drinking Water Source
Piped water into dwelling 55 (31.25) 55 (36.42) 0.79 (0.49–1.29) 0.35
Piped water into yard/plot 158 (89.77) 143 (94.7) 0.49 (0.18–1.23) 0.11
Public tap/standpipe 6 (3.41) 4 (2.65) 1.30 (0.30–6.37) 0.76
Storage tank 10 (5.68) 5 (3.31) 1.76 (0.53–6.70 0.43
Sanitation Facilities
Flush or pour-flush to piped sewage system 67 (38.07) 55 (36.42) 1.07 (0.67–1.73) 0.82
Flush or pour-flush to septic tank 14 (7.95) 23 (15.23) 0.48 (0.22–1.02) 0.053
Flush or pour-flush to pit latrine 8 (4.55) 13 (8.61) 0.51 (0.18–1.36) 0.17
Pit latrine with slab 134 (76.14) 117 (77.48) 0.93 (0.53–1.60) 0.79
Pit Latrine without slab/ open pit 24 (13.64) 6 (3.97) 3.8 (1.46–11.7) 0.003
No facilities or bush or field 5 (2.84) 6 (3.97) 0.71 (0.17–2.85) 0.76
Other toilet 50 (28.41) 37 (24.5) 1.22 (0.72–2.07) 0.45
Hand Washing
Water 92 (52.27) 86 (56.95) 0.83 (0.52–1.31) 0.44
Soap 83 (47.16) 84 (55.63) 0.71 (0.45–1.13) 0.15
Reusable towel 10 (5.68) 10 (6.62) 0.85 (0.31–2.35) 0.82
Waste Handling
Handle, treat or dispose of waste other than from household 72 (40.91) 64 (42.38) 0.94 (0.59–1.50) 0.82
Notes:

Variables reported only if present in at least 10 households or p ≤ 0.20
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ESCrE, we compared households with more than one 
person colonized (i.e., case households) to households 
with only one person colonized (i.e., control households). 
Among 176 households in which at least one individual 
was colonized with ESCrE, 103 (59%) households had 
only one person colonized and 73 (41%) had multiple 
people colonized. In multivariable analyses, the following 
variables were significantly associated [adj OR (95%CI); 
p-value] with multi-person household colonization: 
(1) time period (i.e., post-lockdown): [2.84 (1.42–5.64); 
p = 0.003]; and (2) median household age: [0.95 (0.92–
0.98); p = 0.002]. Of note, the proportion of households 
with at least one enrolled person < 18 years of age was 
86.3% and 70.0% for multi-person and single person colo-
nized households, respectively [OR (95%CI) = 2.7 (1.17–
6.68); p = 0.01]. In addition, the proportion of households 
with at least one person < 5 years of age was 69.9% and 
48.5% for multi-person and single person colonized 
households, respectively [OR (95%CI) = 2.44 (1.25–4.88); 
p = 0.005].

Discussion
We found over half of households had at least one indi-
vidual colonized with ESCrE. Independent risk factors 
for ESCrE household colonization included horse/don-
key exposure, yogurt consumption, geographic region, 
and time period. When time period (i.e., pre- vs. post-
lockdown) was not included in the model, hospital expo-
sure and pit latrine use were also significant risk factors.

We found the prevalence of households in which at 
least one person was ESCrE-colonized to be very high 
(53.8%). In comparison, a recent systematic review 
showed rates of community ESBL-EB fecal colonization 
between 2 and 6% in Australia, the Americas and Europe 
[12]. The high rate of ESCrE household colonization is 
worrisome as even one colonized individual may serve 
as a reservoir for transmission to others in the household 
and the community [17, 18].

The association of ESCrE colonization with exposure to 
horses has previously been reported [27, 28, 29]. Horses 
have been shown to be ESCrE carriers, with one study 
in Turkey finding over 50% of the horses sampled from 

various farms were colonized with ESCrE. The authors 
hypothesized this may be due to an overuse of antibiotics 
in the horse population [29]. In the Netherlands, a study 
conducted in 2013 assessed risk factors for colonization 
by ESBL-producing bacteria and found that interacting 
with a horse increased risk of colonization (OR = 4.69; 
p < 0.0001) [28]. However, specific evidence of zoonotic 
transmission is lacking [27]. However, these studies do 
suggest horses can be reservoirs for ESCrE. More specific 
details on interactions with horses that increase ESCrE 
colonization risk are needed, as are studies that combine 
human and animal samples to assess zoonotic transmis-
sion characteristics.

This is the first paper to our knowledge to find the asso-
ciation between yogurt consumption and ESCrE colo-
nization. One possible mechanism for this association 
is ESCrE contamination of the yogurt. In fact, a recent 
study done in Ethiopia found that among the bacteria 
isolated from milk and yogurt, ~ 40% were ESBL produc-
ers [30]. Specifically, the dairy products were sourced 
from local farmers, with all individuals not having formal 
training on how to handle these products hygienically. 
This suggests possible differences in ESCrE contamina-
tion when comparing locally prepared vs. commercially 
prepared dairy products. In our study, over 95% of house-
holds reported obtaining their yogurt from markets. We 
however did not assess the volume of yogurt consump-
tion in a given individual or household. Future work 
should seek to assess the possible link between ESCrE 
and yogurt exposure, distinguishing more precisely the 
source of yogurt products and the volume of consump-
tion. In addition, it may be useful to sample various 
sources of dairy including yogurt to determine rates of 
contamination.

Geographic region, specifically residing in Gaborone, 
increased risk of ESCrE colonization. This suggests that 
even within a relatively small geographic region within 
a country (i.e., study sites are all within 100 km of each 
other), colonization rates can vary by location. These 
differences may provide important clues to possible 
environmental or population-based risk factors for colo-
nization. These geographic differences are also important 

Table 4  Multivariable analysis of risk factors for household ESCrE colonization
Variable Unadjusted OR Adjusted OR (95%CI) P value
Horse/Donkey Exposure 1 2.37 2.32 (1.05–5.10) 0.037
Hospital Exposure 2 1.47 1.30 (0.77–2.21) 0.327
Pit Latrine without Slab/Open Pit 3.80 2.06 (0.72–5.88) 0.177
Yogurt consumption 3 2.08 1.73 (1.04–2.88) 0.036
Region (Gaborone) 2.63 2.83 (1.48–5.43) 0.002
Pre-Lockdown Time Period 3.37 2.90 (1.66–5.05) < 0.001
1 at least one person in the household with horse and/or donkey exposure in the past week
2 at least one person in household with hospital exposure for any reason (i.e., care, visiting) in past 3 months
3 at least one person in household with yogurt consumption in past week
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to consider when assessing generalizability of a given 
study’s findings.

One of the most unique aspects of the study was the 
unanticipated COVID-19 lockdown from April 2, 2020, 
through May 21, 2020. Across Botswana, domestic and 
international travel was highly limited during this time. 
Hospital visits by family and friends were also highly 
restricted. Notably, family often provide considerable 
assistance in the care of a hospitalized family mem-
ber. While directed toward control of COVID-19, these 
restrictions were also associated with ESCrE coloniza-
tion. There was a significantly lower colonization rate in 
the post-lockdown period compared to the pre-lockdown 
period. Both international travel and hospital visitation 
have been previously associated with ESCrE coloniza-
tion, so restrictions on these practices may have been 
drivers of lower colonization rates. It is notable that hos-
pital exposure specifically was a significant risk factor 
for ESCrE colonization if one did not consider the time 
period of the study. Once we controlled for whether a 
household was enrolled during the pre- vs. post-lock-
down period, the association between hospital exposure 
and ESCrE colonization was no longer significant. It is 
also notable that while we have previously noted a sig-
nificantly lower overall lower colonization rate of indi-
viduals in the post-lockdown period compared to the 
pre-lockdown period in the same study cohort [24], the 
median number of household members colonized and 
the proportion of household members colonized, did not 
differ pre- vs. post-lockdown. Thus, the country-wide 
lockdown appears to have had little impact on the pro-
portion of individuals colonized within a household. This 
is understandable in that the lockdown would have been 
expected to result in fewer exposures to ESCrE outside 
the home (e.g., due to travel restrictions), but it would 
have had no little impact on intra-household exposures.

In our secondary analyses we found that time period 
(i.e., pre- vs. post-lockdown) and younger median house-
hold age were significantly associated with multiple 
household members being colonized with ESCrE vs. only 
a single household member. Households in which mul-
tiple persons were colonized were also significantly more 
likely to have individuals < 18 years and < 5 years of age. 
This suggests that once introduced into a household, 
ESCrE may be more likely to spread between household 
members when children are present. It is also possible 
that children may be the source of ESCrE in the house-
hold. Although we did not assess child-care activities in 
the household, the greater need for toileting care of chil-
dren, and perhaps less attention to hygiene on the part 
of children, could help explain ESCrE transmission in the 
household.

While this study had numerous strengths including 
the large sample size, comprehensive data collection, and 

novel focus on LMIC households, there were also several 
potential limitations. We did not require the full house-
hold to be enrolled. Although a median of 71% of eligible 
household members were enrolled, individual-level data 
from non-enrolled household members was not available. 
Further, we did not assess antibiotic use in animals nor 
did we assess the origin of food sources (e.g., commercial 
vs. homemade). In addition, we focused only on presence 
or abscess of ESCrE broadly in the household. Genomic 
assessment of isolates was not performed in this study 
nor did we have fecal microbiome samples available for 
participants. Future work focusing on detailed genomic 
assessments of both colonizing isolates and the concur-
rent microbiome would provide valuable insights into 
the molecular epidemiology of ESCrE colonization and 
transmission.

In summary, we found numerous independent risk 
factors for ESCrE household colonization. Further char-
acterization of these risk factors is urgently needed, 
including more refined epidemiologic determination of 
exposures (e.g., animal/farm practices), animal sampling, 
food sampling, longitudinal assessment of ESCrE colo-
nization in households, and genomic characterization 
of colonizing ESCrE to determine household transmis-
sion dynamics. These data hold considerable promise 
in informing future strategies to curb the emergence of 
ESCrE in households.
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