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,e dynamics of extended-spectrum β-lactamase- (ESBL-) and AmpC β-lactamase-producing bacteria (which are deadly groups
of antimicrobial-resistant bacteria) have not been well understood in developing countries. ,is raises major concerns to an-
timicrobial resistance (AMR) control. We investigated the prevalence and factors linked to the fecal carriage of ESBL- or AmpC-
producing Escherichia coli (ESBL-/AmpC-EC) in commercial chickens. Cloacal swabs from 400 birds were sampled and submitted
to the Central Diagnostic Laboratory for ESBL-/AmpC-EC screening by culture methods using MacConkey agar supplemented
with cefotaxime. Epidemiological data were collected using a structured questionnaire and plausible risk factor analyses prepared
by R software using X2 test and logistic regression modeling. Results showed that the prevalence of ESBL-/AmpC-EC was 17.5%.
Univariable screening hypothesized that carriage was probably influenced by a type of commercial chicken, geographical location,
age group, flock size, and housing system (p< 0.05). Modeling exposed that broiler birds were at a higher risk of being ESBL-/
AmpC-EC carriers (COR� 9.82, CI� 3.85–25.07). Birds from Wakiso Town Council (COR� 4.89, CI� 2.04–11.72) and flocks of
700–1200 birds were also at a higher risk of harboring ESBL-/AmpC-EC (COR� 2.41, CI� 1.11–5.23). Birds aged 4 months and
below were more susceptible to ESBL-/AmpC-EC carriage compared with those aged 1 month and below being 6.33 times
(CI� 1.65–24.35) likely to be carriers. ,e occurrence of ESBL-/AmpC-EC in flocks suggests possible treatment failures while
managing colibacillosis. Consequently, injudicious antimicrobial use should be replaced with an accurate diagnosis by bacterial
culture and sensitivity testing so as to circumvent AMR emergence, spread, and associated losses.

1. Introduction

Although antimicrobial resistance (AMR) is an ancient
phenomenon, the burden of extended-spectrum β-lacta-
mase- (ESBL-) and AmpC-producing bacteria in animals

(particularly poultry) became significantly higher after the
usage of β-lactam antibiotics [1].,e high bacterial exposure
to β-lactam antibiotics in poultry farming, usually through
feed additives and clinical or prophylactic treatments, leads
to the exclusion of sensitive strains but spares the resistant
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mutant ones. ESBL and AmpC enzymes have the ability to
hydrolyze a number of β-lactam antimicrobials such as
cephalosporins and monobactams [2]. In the long run, this
increases the difficulty of treating infections, especially in the
human sector where β-lactams are more used. In Uganda,
reports which expose antimicrobial resistance effects on
production and farmers’ livelihoods exist, particularly the in-
creasing prevalence of treatment failures and deaths (mediated
by resistant strains). ,is problem could be attributed to the
insensible use of antibiotics by Ugandan farmers. Currently,
antimicrobials are also readily acquired by many over the
counter because regulations to limit access to veterinary drugs
are liberal, in that way sponsoring the use of these drugs by
poultry farmers indiscriminately in production. In addition to
some of the popular drug classes such as tetracyclines (oxy-
tetracyclines), quinolones (enrofloxacin), potentiated sulpho-
namides (trimethoprim/sulfamethoxazole), aminoglycosides
(neomycin and gentamicin), and macrolides (tylosin), wor-
rying reports also show the use of highly critical human drugs
such as antiretrovirals in poultry production [3]. ,ere is no
clear evidence on the use of certain β-lactam classes such as
cephalosporins, carbapenems, carbacephems, and mono-
bactams in poultry. ,e most commonly used β-lactam class
on the market is the penicillins (such as ampicillin and
amoxicillin). ,e majority of the ESBL- and AmpC-producing
bacteria come from members in the Enterobacteriaceae family
[4], such as Escherichia coli (E. coli) and Klebsiella pneumoniae.
,e latter bugs are currently considered as emerging zoonotic
and multidrug-resistant bacteria, criticized to pose a major
challenge in antimicrobial treatments [5, 6]. Human exposure
to such lethal bacteria can be through consumption of con-
taminated poultry products such as meat and eggs [7] with
most of these fowl-hosted strains ably causing disease in
humans [8].,is renders AMR in food animals a public health
threat requiring joint coordinated efforts [9].

Reservoirs and transmission routes of ESBL and AmpC
bacteria from animals to humans in the community remain not
fully explored [10].,ough poultry is taken as one of the major
reservoirs of antimicrobial-resistant bacteria [5], limited
findings on some categories of antimicrobial-resistant bacteria
(ARB) such as extended-spectrum β-lactamase- and AmpC-
producing E. coli still exist. ,e geographical distribution of
ESBL and AmpC E. coli in poultry differs with some studies
portraying worrying prevalence rates of over 20% in chickens
[2, 11–14]. ,eir information is not clear on the interplay
between the microbes, their earmarked hosts, and the aspects
stimulating carriage and dissemination. ,is glaring gap also
exists in the poultry industry (especially chicken in Uganda), a
challenge to AMR control measures. ,erefore, this study
sought to better understand the dynamics of ESBL- or AmpC
β-lactamase- (ESBL-/AmpC-) producing bacteria in selected
chicken farms focusing on prevalence and drivers for ESBL/
AmpC E. coli (ESBL-/AmpC-EC) carriage. Emphasis was on
commercial intensive systems in Wakiso district, Uganda.

2. Materials and Methods

2.1. Study Design and Area. A cross-sectional study was
carried out between November 2019 and April 2020 in the

Wakiso district (00°24′N 32°29′E) of Central Uganda. We
purposely selected the district since it is one of the key local
hubs with a high number of commercial poultry farms [15].

2.2. Sampling and Data Collection. Epidemiological sample
size calculations took into account recommendations by the
documentation of Wang and Cheng [16]. An estimated
prevalence of 50% carriage of ESBL-/AmpC-EC was used at
a confidence level of 95% and precision of 0.05. Having
calculated a total of 384 samples, 400 cloacal swabs were
collected from 20 poultry farms (20 samples each). Poultry
management systems in Uganda were categorized into in-
tensive, semi-intensive, and extensive. In this study, we
concentrated on intensive farms since they are more popular
[17] and a high consumer of antibiotics which increases the
risk of birds carrying resistant bacteria [12]. ,e inclusion
criteria excluded farms with less than 100 birds. According
to the District Veterinary Officer (DVO), the district has
more than 50 intensive poultry farms, but the list was
influenced by farmers rearing chicken at that time, consent
to participate in the surveillance, and the ease of access to the
location. Data collected included type of commercial poultry
(broilers or layers or dual purpose), age of the birds, current
health status of the birds, use of antimicrobials (particularly,
β-lactam antibiotic derivatives), flock sizes, geographical
location, and the housing system.

2.3. Screening of ESBL-/AmpC-EC. Among the Enter-
obacteriaceae family, we focused on E. coli. We screened for
ESBL-/AmpC-EC according to the methods by [18–20].
Cloacal swabs were pre-enriched in MacConkey broth
(Conda, Spain) supplemented with 1mg/L of cefotaxime
[21] and incubated at 37°C for 24 hours. ,e overnight
cultures were then streaked on MacConkey agar (Conda,
Spain) supplemented with 1mg/L of cefotaxime prior to
incubation at 37°C for 24 hours. Pink colonies surrounded
by a zone of precipitation of bile salts were again subcultured
on the same first isolation agar. ,e colonies were bio-
chemically identified as E. coli using indole, methyl red,
urease, Voges–Proskauer, citrate, and lactose utilization tests
[8, 22].

2.4. Data Analysis. Data were entered and cleaned in
Microsoft Excel (version 2019) prior to importation into
Statistical Package for Social Sciences (SPSS) (version 25.0)
and R statistical software for analysis. Descriptive statistics
were used to summarize the data, and statistics were pre-
sented as frequencies and percentages. ,e prevalence of
ESBL-/AmpC-EC was calculated as the proportion of the
positive cases to the number of birds tested in the study. A
positive ESBL-/AmpC-EC status was defined as the detec-
tion of at least one ESBL-/AmpC-EC isolate in the sample
cultured. ,e corresponding confidence intervals of prev-
alence were computed as exact binomial 95% confidence
intervals using a calculator from https://sample-size.net/
confidence-interval-proportion/. ,e chi-square (X2) test
was also used to evaluate significant differences (p< 0.05)
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between the prevalence of ESBL/AmpC-EC and the variables
(type of commercial poultry, subcounty, housing system,
flock size, and age group). For the probable risk factor
analyses, the outcome investigated was ESBL-/AmpC-EC
status for each bird. Potential risk factors (p< 0.05) from the
X2 test were sorted for inclusion in a bivariate regression
model. ,e value of the X2 test was also used to ascertain for
associations between pairs of variables (housing system,
deep litter, or battery cage). Variables with p< 0.05 in the
model were considered factors for ESBL-/AmpC-EC car-
riage. Model goodness-of-fit tests were also performed.

2.5. Ethical Considerations. Farm owners or managers were
given consent forms prior to inclusion in the study. ,e
forms explained the study and stipulated the roles of con-
tributing farms and benefits from participation in the
research.

3. Results

3.1. Poultry Sample Demographics. Cloacal swabs were
sampled from 400 chickens reared on 20 farms located in
different sub-counties (Kakiri-100; Kasangati Town Coun-
cil-100; Kyengera Town Council-100; Mende-40; Wakiso-
20; and Wakiso Town Council-40) of the Wakiso district. A
proportion of 60% (240/400) were reared for meat (broilers),
35% (140/400) for eggs (layers), and 5% (20/400) for both
meat and eggs (dual purpose). ,e mean, range, and median
of the chicken flock sizes on the visited farms were 2,201.0
(n� 20), 170–13,000, and 1,250.0, respectively. ,e samples
were equally distributed between farms having over 1,200
(200/400) and those below 1,200 (200/400) birds. ,e mean,
range, and median of the birds’ ages were 3.8 (n� 400),
0.5–14, and 1.5 months, respectively. 60% (240/400) were
below 5 months old, and 40% (160/400) were 5 months old
and above. ,e majority of the samples were from the deep
litter housing system birds (95%, 380/400) and 5% (20/400)
from the battery cage birds (Table 1). At the time of visit,
none of the flocks had clinical signs of the disease and were
being given antibiotics, particularly β-lactams. However,
three farms confirmed using antibiotics and growth pro-
moters in the past 3 months; one was a broiler farm which
had used enrofloxacin (quinolone), Vetgrow (growth pro-
moter), and oxytetracycline (tetracycline), a layer farm that
had used tylosin (macrolide) and oxytetracycline (tetracy-
cline), and another broiler farm that had used vitamins.

3.2. Prevalence of ESBL-/AmpC-EC. A total of 70 out of 400
samples (17.5%; CI� 13.9–21.6) tested positive for ESBL-/
AmpC-EC. ,e prevalence by the type of commercial
poultry was 26.7% (64/240; CI� 21.2–32.7) in broilers, 3.6%
(5/140; CI� 1.2–8.1) in layers, and 5.0% (1/20; CI� 0.1–24.9)
in dual purpose, respectively. ,ere was a significant dif-
ference in the prevalence of ESBL-/AmpC-EC amongst
various types of commercial chicken (X2 � 34.95, df� 2, and
p< 0.001). ,e prevalence in different subcounties was
12.0% (12/100; CI� 6.4–20.0), 18.0% (18/100;
CI� 11.0–27.0), 14.0% (14/100; CI� 7.9–22.4), 22.5% (9/40;

CI� 10.8–38.5), 5.0% (1/20; CI� 0.1–24.9), and 40.0% (16/
40; CI� 24.9–56.7) in Kakiri, Kasangati Town Council,
Kyengera Town Council, Mende, Wakiso, andWakiso Town
Council, respectively. ,ere was a significant difference in
the prevalence of ESBL-/AmpC-EC amongst various geo-
graphical farm locations (X2 �19.84, df� 5, and p � 0.001).
,e prevalence by the type of poultry housing system was
18.4% (70/380; CI� 14.7–22.7) in deep litter birds and 0% (0/
20; CI� 0.0–16.8) in battery cage birds. ,ere was a sig-
nificant association between the prevalence of ESBL-/
AmpC-EC and the housing system (X2 � 4.47, df� 1, and
p � 0.035). ,e prevalence by age group was 25% (11/44;
CI� 13.2–40.3), 21.9% (43/196; CI� 16.4–28.4), 13.0% (13/
100; CI� 7.1–21.2), and 5% (3/60; CI� 1.0–13.9) in birds <1
month, 1–4 months, 5–8 months, and >8 months old. ,ere
was a significant difference in the prevalence of ESBL-/
AmpC-EC amongst various age groups (X2 �12.29, df� 3,
and p � 0.006). ,e prevalence was 24.3% (34/140;
CI� 17.4–32.3), 25.0% (15/60; CI� 14.7–37.9), 6.7% (4/60;
CI� 1.9–16.2), and 12.1% (17/140; CI� 7.2–18.7) in birds
sampled from flocks of <700, 700–1,200, 1,201–1,701, and
>1,701 birds, respectively.,ere was a significant association
between the prevalence of ESBL-/AmpC-EC and flock sizes
where the tested samples came from (X2 �14.46, df� 3, and
p � 0.002).

3.3. Predictors for ESBL-/AmpC-EC Carriage in Commercial
Chickens

3.3.1. Bivariate Logistic Regression. ,e risk of ESBL-/AmpC-
EC carriage was increased in broilers (COR� 9.82,
CI� 3.85–25.07). Samples from Wakiso Town Council were
4.89 times likely to test positive for ESBL-/AmpC-EC. ,e risk
of having ESBL-/AmpC-EC was more pronounced amongst
birds less than 1 month old (COR� 6.33, CI� 1.65–24.35).
Birds from flock sizes of 700 to 1,200 were at a higher risk of
harboring ESBL-EC (COR� 2.41, CI� 1.11–5.23).

4. Discussion

Although ESBL-/AmpC β-lactamase-producing bacteria
have been implicated as a threat in the society, their ad-
dition in National Antimicrobial Resistance Monitoring
Systems is still lacking in developing countries, Uganda
inclusive. Deficiencies in diagnostic testing contribute to a
paucity of the AMR data essential in policy formulation and
implementation. ,ere is a lack of a standard method for
the detection of ESBL/AmpC β-lactamases [19]; however,
several methods are in use for screening. Using a con-
ventional screening approach, we give a baseline picture of
ESBL-/AmpC-producing bacteria in chicken flocks to
motivate monitoring efforts in Uganda’s food-producing
animals.

,e study reports an overall prevalence of ESBL-/AmpC-
EC of 17.5%, which was lower when compared to a range of
20% to 87% compiled from other studies [11–13, 23]. ,e
variations in prevalence rates could be the difference in
ESBL/AmpC diagnostic methods used. In addition, mar-
ginal use of β-lactam antibiotics was noted on the farms.,e
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occurrence of noxious groups of ARB in flocks may question
the safety of poultry products, especially in countries such as
Uganda with nonstringent food safety systems [8]. From the
farm, a critical meat contamination node could be the
slaughter house [19] thus standardizing chicken meat
handling processes and supporting their operationalization
which must be prioritized to control the contamination of
consumer products.

,e distribution of ESBL/AmpC bacteria in different
geographical locations has been known to vary [5]. ,is was
confirmed in this study as farm samples from Wakiso Town
Council were more likely to test positive for ESBL-/AmpC-
EC. ,is could be attributed towards the diversity in
management practices done in various areas. Also, the role
of human population density (driven by majorly urbani-
zation) could be an underlying driver as humans are known
reservoirs of ARB [24]. Wakiso Town Council had more
human settlements compared to the other subcounties
(Kakooza, personal observation).

Poultry in Uganda are reared in different production
arrangements: extensive (free range), intensive, and semi-
intensive systems [17]. Our study focused on intensive under
2 housing systems, that is, deep litter and battery cage
management. Samples from the deep litter system had a
higher ESBL-/AmpC-EC prevalence compared to those
from the battery cage system. ,is inference could be a
systemic bias as broiler birds (which had higher ESBL-/
AmpC-EC prevalence rate) were mainly reared in deep litter
systems.

,e probable risk of occurrence of ESBL-/AmpC-ECwas
increased with broiler birds more than in layer and dual-
purpose birds. ,is finding was in agreement with results
from a study conducted by Brower et al. [11]. Broilers are
known for their high feed intake, and this behaviour is a
stimulus for continuous shedding of feces, thus increasing
the risk of their environmental contamination with different
bacterial strains [8]. Additionally, many broiler farms had
high stock densities which could make environmental
management aimed at lowering bacteria in the houses more
laborious. ,erefore, workers (especially those handling
large flocks) must be strictly supervised as it is alleged that
they may neglect hygiene monitoring duties. Apparently,
these microbes can then be spread within houses by worker
movements, but exposure in birds may also be through air
transmission, contaminated water, and pecking of antici-
pated feed (such as insects) in their environment [25].

It has been acknowledged that host-related factors, such
as age, have a large effect on intestinal microbiota [26, 27]. In
this study, birds aged 1 month and below were more sus-
ceptible to ESBL-/AmpC-EC carriage, and this is because the
gut microbiome of these birds is still maturing, making it
easy for colonization by various pathogenic bacteria if they
exist in the environment. Additionally, due to their up-
coming immunity, survival of ingested bad bacteria (such as
ESBL/AmpC) through the gastrointestinal tract is also in-
creased if maternal antibodies against them are devoid [28].

Antimicrobial stewardship vices such as misuse of an-
tibiotics during treatment and prophylaxis and for growth

Table 1: Bivariate logistic regression analysis: factors related to ESBL-/AmpC-EC carriage among commercial chickens.

Variable N ESBL/AmpC status Bivariate analysis
Yes (n1, %) p value COR; 95% CI

Flock size
<700∗ 140 34 (24.3) 0.010 2.32; 1.23–4.39
700–1,200∗ 60 15 (25.0) 0.026 2.41; 1.11–5.23
1,201–1,701 60 4 (6.7) 0.254 0.52; 0.17–1.61
>1,701 140 17 (12.1) a 1.00; ref
Age
<1 month∗ 44 11 (25.0) 0.007 6.33; 1.65–24.35
1–4 months∗ 196 43 (21.9) 0.007 5.34; 1.59–17.89
5–8 months 100 13 (13.0) 0.115 2,84; 0.77–10.41
>8 months 60 3 (5.0) a 1.00; ref
Type of commercial chicken
Broilers∗ 240 64 (26.7) <0.001 9.82; 3.85–25.07
Dual purpose 20 1 (5.0) 0.754 1.42; 0.16–12.83
Layers 140 5 (3.6) a 1.00; ref
Chicken housing system
Battery cage 20 0 (0.0) 0.998 a
Deep litter 380 70 (18.4) a 1.00, ref
Subcounty
Kakiri 100 12 (12.0) a 1.00; ref
Kasangati Town Council 100 18 (18.0) 0.238 1.61; 0.73–3.55
Kyengera Town Council 100 14 (14.0) 0.674 1.19; 0.52–2.73
Mende 40 9 (22.5) 0.121 2.13; 0.82–5.54
Wakiso 20 1 (5.0) 0.374 0.39; 0.05–3.15
Wakiso Town Council∗ 40 16 (40.0) <0.001 4.89; 2.04–11.72
COR: crude odds ratio; CI: confidence interval; ref: reference group; a: no statistic computed. ∗Significant factor by bivariate analysis.
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promotion are a major cause of the emerging AMR. In our
local setting, the bacterial exposure to β-lactam antibiotics
used for various purposes in poultry farming could spur
AMR development. Our research portrayed no use of
β-lactam derivatives which could be linked to the limited
access.,us, we could not satisfactorily relate the emergence
of these strains to usage practices. However, there is evidence
of vast use in human health [29] creating likely pathways of
development and crossover from people. Although not
documented, there are also reports of human drug use in
poultry disease management due to (1) lack of access to
antibiotics in poor communities and (2) running out of
treatment options majorly in nonresponding infections.
Information criticizing Ugandan poultry products to be
contaminated with β-lactam (penicillins, cephalosporins,
carbapenems, carbacephems, and monobactams) antibiotic
residues could act as a signal for the use of human critical
drugs in agriculture. However, these data are lacking which
then create an untested hypothesis for our study: could the
emergence and spread of ESBL-/AmpC-EC in poultry be
chiefly influenced by the pillars of infection prevention and
control, particularly animal husbandry practices, biosecurity
measures, and vaccinations? All the isolates were lost due to
poor biobank management, which hindered our possibility
to establish the antibiograms of the ESBL-/AmpC-EC.
However, the results still gave a picture on the prevalence
and the current forces at work behind the existence of
ESBL-/AmpC-EC in local commercial flocks. We did not
venture into the possibility of spillover into food chain
(through assessing ESBL/AmpC status in poultry products)
and apparently healthy humans such as workers in close
proximity with the flocks colonized by these zoonotic
bacteria. We therefore propose further in-depth studies with
a combination of molecular assays (typing ESBL/AmpC
genotypes and sequencing) and bioinformatics to explain
the ESBL/AmpC public health outcomes, such as trans-
mission dynamics between humans, animals, and the
environment.

5. Conclusions

,is study confirmed that Ugandan poultry can be a po-
tential reservoir of ESBL-/AmpC-EC shed into the envi-
ronment through fecal matter. ,e lethal bacteria detected
could spread into the food chain through consumption of
contaminated meat and eggs, which calls for the institution
of stringent food safety systems to minimize transmission
to humans. We suggest more risk-based AMR control
studies to target intensive broiler farms in different geo-
graphical locations. In these flocks, ESBL-/AmpC-EC
found is an indicator of potential treatment failures when
managing colibacillosis. It is, therefore, important that
risky habits such as blind treatments be replaced by em-
bracing accurate diagnostics such as bacterial culture and
sensitivity tests so as to avoid AMR emergence, spread, and
losses. Sensitization of farmers on proper infection pre-
vention and control measures is also encouraged to reduce
likelihood of ESBL-/AmpC-EC introduction and spread in
farms.
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