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Background: The occurrence of extended spectrum beta-lactamase (ESBL) producing bacteria such as Escherichia coli has 
increasingly become recognized beyond hospital settings. Resistance to other types of antibiotics limits treatment options while the 
existence of such bacteria among humans, animals, and the environment is suggestive of potential zoonotic and reverse-zoonotic 
transmission. This study aimed to establish the antibiotic susceptibility profiles of the ESBL-producing Escherichia coli (ESBL-EC) 
from human, animal, and environmental isolates obtained among farming households within Wakiso district using a One Health 
approach.
Methods: A total of 100 ESBL-EC isolates from humans 35/100 (35%), animals 56/100 (56%), and the environment 9/100 (9%) were 
tested for susceptibility to 11 antibiotics. This was done using the Kirby-Bauer disk diffusion method according to Clinical and 
Laboratory Standards Institute (CLSI) guidelines. Data were analyzed in STATA ver. 16 and graphs were drawn in Microsoft excel 
ver. 10.
Results: Most of the ESBL-EC isolates (98%) were resistant to more than two antibiotics. ESBL-EC isolates were most susceptible to 
meropenem (MEM) (88.0%), and imipenem (82.0%) followed by gentamicin (72%). ESBL-EC isolates from humans were most 
susceptible to meropenem (MEM) followed by imipenem (IPM)> gentamicin (CN)> ciprofloxacin (CIP). Animal samples were more 
susceptible to MEM, IPM, and CN but were highly resistant to cefotaxime (CTX)> cefepime (FEP)>other antibiotics. Multidrug 
resistance (MDR) was mostly reported among households keeping goats under intensive husbandry practices. Seven percent of the 
isolates exhibited carbapenem resistance while 22% showed aminoglycoside resistance. Similar resistance patterns among humans, 
animals, and environmental samples were also reported.
Conclusion: Our study provides baseline information on non-hospital-based MDR caused by ESBL-EC using a One Health approach. 
ESBL-EC isolates were prevalent among apparently healthy community members, animals, and their environment. It is important to 
conduct more One Health approach studies to generate evidence on the drivers, resistance patterns, and transmission of ESBL- 
producing organisms at the human-animal-environmental interface.
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Plain Language Summary
This study followed an earlier survey that assessed the presence of a “Superbug” called extended spectrum beta-lactamase producing 
Escherichia coli (ESBL-EC) among humans, animals, and the environment within farming households in central Uganda. This 
superbug is hard to treat using the commonly available and recommended antibiotic drugs. In the current study, we subjected the 
ESBL-EC bacteria to a panel of 11 drugs to check if any of these drugs are still effective on these bacteria.

Almost all of the bacteria were resistant to more than two of the 11 antibiotic drugs. The bacteria were not 100% susceptible to the 
reserved drugs (carbapenem drugs). Gentamicin was the only drug with a high efficacy after Carbapenems. Further analysis revealed 
that several bacteria from animals, humans, and the environment seem to be shared given the nature of the drug resistance profiles. For 
instance, bacteria from one animal had the same resistance profile as one from another animal of different species but within the same 
household. Animal-human spillovers were also reported in this article. It is important to note that the majority of the households with 
bacteria resistant to multiple drugs, practiced goat farming under the intensive animal husbandry system.

There is hardly any non-hospital-based study in Uganda that has checked the drug susceptibility profiles of ESBL-EC organisms. 
This implies we provide a baseline study to this effect, able to inform practice. Therefore, human and animal health professionals 
should continue to preserve the last resort drugs and gentamicin.

Background
Antibiotics have been used in the successful treatment of bacterial infections over the past decades even though, 
antimicrobial resistance (AMR) cases are increasingly being reported globally over time.1,2 If no appropriate actions 
are taken, AMR will affect more than 10 million lives with an economic loss of US$100 trillion per year by the year 
2050.3,4 Unfortunately, the true burden of AMR in the African region especially in the East African sub-region, is poorly 
documented. Even though such estimates would provide useful information for public health decision-making by 
prioritizing interventions against infectious organisms.

The World Health Organization (WHO) reports approximately 50% resistance to third-generation cephalosporins and 
fluoroquinolones among Escherichia coli (E. coli).5 Indeed, the occurrence of extended spectrum beta-lactamase (ESBL) 
producing bacteria such as E. coli has become increasingly recognized beyond hospital settings.6,7 E. coli has been 
implicated in both nosocomial and community-acquired infections, including respiratory tract infections, urinary tract 
infections, and enteric infections in Uganda and beyond.8,9 E. coli’s threat is mainly attributed to its ability to rapidly 
acquire antibiotic resistance through multiple mechanisms.10 Whereas evidence globally indicates the presence of E. coli 
in the environment and animals.11,12 Hospital-based studies constitute most of the current body of knowledge on AMR in 
low and middle-income countries (LMICs) such as Uganda.13

Globally, β-lactam drugs play an important role in the treatment of bacterial infection and account for almost 65% of 
antibiotic usage.14 Such antibiotics include penicillin, cephalosporins, cephamycin, carbapenems, monobactams, and β- 
lactamase inhibitors.15 These drugs target the cell wall synthesis that prevents perfect working of the penicillin-binding 
protein (PBP), which is responsible for cell wall synthesis in bacteria consequently leading to cellular death.13 

Unfortunately, resistance to such important antibiotic classes is on the rise worldwide,16 perhaps these bacteria can 
produce extended-spectrum β-lactamase (ESBL) enzymes that render β-lactam drugs including 3rd generation cephalos-
porins, aztreonam, and some carbapenems ineffective. The subsequent resistance of ESBL-producing bacteria such as 
E. coli (ESBL-EC) to other antibiotics limits the treatment options for common bacterial infections while their existence 
among humans, animals, and the environment is suggestive of potential ESBL-related AMR transmission.17–19 

Carbapenem drugs provide a broad-spectrum antibacterial activity against ESBL-producing organisms ranging from 
gram-negative to gram-positive.19,20 Despite this, there is an increasingly reported resistance of the ESBL-producing 
organisms to this critical class of antibiotics making them ineffective against hard-to-treat infections.21,22 Organisms such 
as ESBL-EC pose a major problem for clinical therapeutics in human and animal health thus undoing the progress made 
in achieving sustainable development goal 3.

Published studies have only focused on studying humans, animals, or the environment singly without the linkages 
leaving a gap in public health policy and practice.19,21–24 In this study, we examine the antibiotic susceptibility of ESBL- 
EC isolates from human (fecal and urine), animal (fecal), and environmental samples collected from farming households 
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in a peri-urban community in Uganda. Therefore, this study sought to investigate Phenotypic characterization of ESBL 
producing organisms on the selected panel of antibiotics in the farming household setting.

Materials and Methods
Study Design
This cross-sectional laboratory-based study was conducted between June and July 2022 in Wakiso district central 
Uganda. Confirmed ESBL-producing E. coli (ESBL-EC) isolates were subjected to antibiotic susceptibility testing 
(AST). This analysis was conducted at the Makerere University, Veterinary Microbiology Research Laboratory.

Sample Collection, Transportation, and Preliminary Analysis
A total of 104 farming households were studied between March and July 2022. From these, 988 fresh samples were 
obtained from humans, animals, and the environment. Humans provided urine and or fecal, animals provided fecal 
samples per rectal, while environmental samples constituted soil, water for domestic use, swabs from animal feeding 
equipment, and doorknobs. The sample containers were labeled with a unique code that represented the household and 
the sample category. Within four hours of sample collection, samples were delivered to the Microbiology Laboratory in 
Ziploc bags under the ice.

ESBL chromogenic agar, CHROMID® ESBL (Condalab 2062, Madrid Spain) containing ESBL supplement (con-
dalab6042, Madrid Spain) having inhibition and selective agents for detection of gram-negative bacteria producing 
extended-spectrum Beta lactamases. Presumptive ESBL-EC appeared as pink, medium-sized, raised, and moist colonies 
after 24 hours of incubation at 37°C (Figure 1). E. coli isolates were further confirmed by biochemical tests following 
standard operating procedures. Isolates with reduced susceptibility to cefotaxime (≤ 27 mm) and ceftazidime (≤ 22 mm) 
were confirmed for ESBL production using the modified double disk synergy (MDDS) method. The plates were then 
incubated at 35°C for 24 hours and examined for an enhancement of the inhibition zone of the β-lactam drugs caused by 
the synergy of the drugs and were interpreted as either being positive or negative for ESBL production (Figure 2).

Approximately 25.4% (251/988) of the original samples were confirmed positive for ESBL-EC. Of these positives, 
89, 139, and 23 isolates were from human, animal, and environmental samples respectively. During this study, 40% of 
each of the above positive categories was considered for AST. Therefore 100 ESBL-EC confirmed isolates were 

Figure 1 Primary cultures and subcultures.
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randomly selected for use in this study. This number agrees with the recommended sample size for the tricycle project for 
studying ESBL-EC in community settings.25

Antibiotic Sensitivity of E. coli Strains
The obtained 100 previously confirmed and cryopreserved ESBL-EC isolates were picked from the −80°C freezer and 
left to thaw in ice flakes. These were resuscitated by inoculating 100µL of broth in 1 mL of brain heart infusion broth and 
incubated overnight at 37°C. The broth cultures were then streaked onto freshly prepared MacConkey agar plates and 
incubated at 37°C for 24 hours in ambient air.26 Drug susceptibility testing was done following the Kirby Bauer disc 
diffusion method.27–29 Briefly, the 24-hour-old cultures were standardized by adjusting their turbidity to match the 0.5% 
McFarland standard. Using a sterile cotton-tipped swab, an inoculum was introduced onto freshly prepared Mueller 
Hinton agar plates and streaked to make a continuous lawn onto which antibiotic discs were added.

Eleven (11) different antibiotic discs were used for each isolate, these were Amoxicillin-clavulanic acid, AMC 
(30µg), Ciprofloxacin, CIP (5 µg), Gentamycin, CN (30 µg), Tetracycline, TE (30 µg), Sulfamethoxazole-Trimethoprim, 
SXT (25 µg), Cefotaxime, CTX (30 µg), Ceftazidime, CAZ (30 µg), Cefepime, FEP (30 µg), Aztreonam, ATM (30 µg), 
Imipenem, IPM (10 µg) and Meropenem, MEM (10 µg). Briefly, two plates were set for each isolate, one having 5 drugs 
and another plate having 6 drugs. The plates were then incubated at 37°C for 18 hours at ambient temperature and 
examined the following day for a confluence of growth and clearance around the drug discs. The diameters of the 

Figure 2 Modified double disc diffusion test results.
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inhibition zones were measured to the nearest whole number in millimeters (mm) using a divider and a ruler. The results 
were interpreted according to breakpoints in the CLSI 2021 guidelines (Supplementary Table 1).

Data Management and Analysis
All data generated from the daily activities were regularly entered into a laboratory workbook. Descriptive statistical 
analysis was done using STATA version 16 and results were presented as frequencies, percentages, and graphs. Drug 
resistance profiles in this study mean the expression of the number of drugs to which isolates were resistant. These were 
presented as R1 for one drug, R2 for two drugs, and R9 for nine drugs respectively. Frequencies and Multiple antibiotic 
resistance index (MARI) numbers were then tabulated. MARI for all multidrug resistant (MDR) isolates was also 
calculated.30,31 MARI was determined by dividing the number of antibiotics to which an isolate is resistant by the total 
number of antibiotics to which each ESBL-EC isolate was subjected. Regarding relatedness, the sample sources ie, 
animals, humans, and or environment, and their respective types were noted. Unique identifiers ie A, B, C, and D were 
assigned to each of the samples as a prefix before the sample type name. Comparisons were then made across the panel of 
11 drugs to check if any of the isolates from respective samples shared a similar antibiotic susceptibility profile.

Results
Characteristics of the ESBL-EC Isolates
Out of the 100 ESBL-EC isolates, 56%, 35%, and 9% belonged to animals, humans, and the environment respectively. 
Most, 37.5% (21/56) of the animal isolates were obtained from goat samples while 74.3% (26/35) of the human isolates 
were obtained from fecal samples. Swabs from the animal feeding equipment contributed the greatest number 55.6% (5/9) 
of environmental isolates (Table 1).

Performance of Selected Antibiotics on ESBL-EC Isolates
Performance was measured based on the resistance and or susceptibility of the organism to the respective antibiotics. Of 
the 11 antibiotics tested, the ESBL-EC isolates were most susceptible to Carbapenems (meropenem and imipenem) at 
88.0% and 82.0% respectively. Aminoglycoside (gentamicin) followed with 72% susceptibility while the rest of the 
antibiotics had susceptibilities below 50% (Table 2).

Antibiograms of Human, Animal, and Environmental ESBL-EC Isolates
Overall, ESBL-EC isolates from humans, animals, and the environment were more susceptible to Carbapenems (MEM and 
IPM) and Aminoglycosides (gentamicin). ESBL-EC isolates from humans and the environment were more susceptible to 
MEM than IPM. ESBL-EC isolates from humans were most susceptible to MEM followed by IPM> CN> CIP and were 

Table 1 ESBL-EC Sample Characteristics

Sample Source, N=100 Sample Type Frequency Percentage

Animal (56) Pig 9 16.1

Dog 3 5.4
Goat 21 37.5

Cow 9 16.1

Chicken 6 10.7
Duck 3 5.4

Cat 2 3.6

Rabbit 2 3.6
Sheep 1 1.8

Human (35) Urine 9 25.7
Fecal 26 74.3

Environment (9) Equipment 5 55.6

Soil 4 44.4

Abbreviations: N, sample size; ESBL-EC, Extended Spectrum Beta lactamase producing Escherichia coli.
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highly resistant to (FEP~CTX)> (TE~ATM)> SXT> CAZ among others (Figure 3). ESBL-EC isolates from the environment 
were most susceptible to MEM, followed by IPM, and were highly resistant to ATM, CTX, and FEP respectively. ESBL-EC 
isolates from the environment had similar susceptibility profiles to gentamycin and imipenem (Figure 4).

Animal isolates on the other hand were more susceptible to MEM, IPM, CN, and least for CAZ, CTX, and FEP. Animal 
isolates were highly resistant to CTX>FEP>other antibiotics. Animal ESBL-EC isolates had similar susceptibility to 
Carbapenems (MEM and IPM) (Figure 5).

Antibiotic Susceptibility Patterns for Individual ESBL-EC Isolates from Humans, 
Animals, and the Environment
ESBL-EC isolates from cows, ducks, and dogs had the lowest susceptibility (66.7%) to Carbapenems when compared to 
isolates from other domestic animals. ESBL-EC isolates from most animals were moderately susceptible to gentamicin 
(66.7–100) % except for isolates from dogs with the least susceptibility at 33.3%. Isolates from sheep and cats had the 
highest susceptibility (100%) to AMC while those from rabbits had the highest susceptibility (100%) to SXT. ESBL-EC 
from animals had a low susceptibility to other antibiotics such as tetracyclines and ciprofloxacin.

Table 2 Antibiograms of Different Drugs on the ESBL-EC Isolates

Abbreviation N=% Resistant N=% Intermediate N=% Susceptible

CTX 93 2 5
FEP 90 4 6

ATM 85 5 10

CAZ 82 11 7
TE 80 6 14

SXT 79 9 12

CIP 68 18 14
AMC 44 29 27

CN 22 6 72
MEM 5 7 88

IPM 2 16 82

Abbreviations: N, sample size; ESBL-EC, Extended Spectrum Beta lactamase producing Escherichia 
coli; CTX, Cefotaxime; FEP, Cefepime; ATM, Aztreonam; CAZ, Ceftazidime; TE, Tetracycline; SXT, 
Sulfamethoxazole-Trimethoprim; CIP, Ciprofloxacin; AMC, Amoxicillin-clavulanic acid; CN, 
Gentamicin; MEM, Meropenem; IPM, Imipenem.

Figure 3 Antibiograms of ESBL-EC Human isolates.
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ESBL-EC isolates from human fecal samples were more susceptible to meropenem (92.3%) than those from urine 
samples (88.9%). ESBL-EC isolates from urine samples on the other hand were more susceptible to imipenem (88.9%) 
than those from fecal samples (76.9%). Human ESBL-EC isolates had low susceptibility to other antibiotics tested 
(<50%) however, those from fecal samples were still susceptible to gentamicin (69.2%).

ESBL-EC isolates from the environment were only susceptible to Carbapenems (75–100) % and gentamicin (75–80) %. 
These registered the lowest susceptibility to other classes of antibiotics among all isolates used in our study (40% and 
below) (Table 3).

Multidrug Resistance Among ESBL-EC Isolates
Two (2) percent of the organisms were resistant to at most 2 antibiotics with 1% being resistant to one drug (MARI = 
0.09) and 1% being resistant to two drugs (MARI = 0.18). Up to 98% of the isolates were resistant to at least three 
antibiotics (Table 4). The different antibiotic resistance profiles are reported in Supplementary Table 2.

Figure 4 Antibiograms of ESBL-EC Environmental isolates.

Figure 5 Antibiograms of ESBL-EC Animal isolates.
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Relatedness in Drug Sensitivity Profiles Among ESBL-EC Isolates from Unique 
Households
Out of the sampled households, only 4 showed similarities in resistance to over 10 out of the 11 drugs used. From household A, 
the chicken and the cat had similar antibiotic resistance profiles across all eleven drugs. From household D, the humans (fecal 
isolate) shared a resistance profile as environmental soil isolate for all drugs apart from AMC. In household B, the pig and goats 

Table 3 Frequency and Proportion of Susceptibility for Individual ESBL-EC Isolates from Humans, Animal, and Environment

Sample Source Sample Type (n) Percentage (%) Susceptibility

AMC SXT CTX FEP IPM MEM CN TE ATM CAZ CIP

Animal Cow (9) 11.1 22.2 0.0 0.0 66.7 66.7 66.7 11.1 33.3 11.1 11.1

Goat (21) 23.8 9.5 4.8 9.5 80.9 80.9 71.4 14.3 9.5 4.8 9.5

Cat (2) 100.0 50.0 0.0 0.0 100.0 100.0 100.0 0.0 50.0 0.0 50.0

Chicken (6) 50.0 33.3 0.0 0.0 100.0 100.0 100.0 50.0 16.7 0.0 16.7

Dog (3) 0.0 33.3 0.0 0.0 66.7 66.7 33.3 0.0 0.0 0.0 0.0

Duck (3) 66.7 0.0 0.0 0.0 100.0 66.7 100.0 33.3 0.0 0.0 33.3

Rabbit (2) 0.0 100.0 0.0 0.0 100.0 100.0 100.0 0.0 0.0 0.0 50.0

Sheep (1) 100.0 0.0 0.0 0.0 100.0 100.0 100.0 0.0 0.0 0.0 0.0

Pig (9) 33.3 0.0 11.1 11.1 88.9 100.0 77.8 11.1 0.0 0.0 22.2

Human Fecal (26) 30.8 3.9 7.7 7.7 76.9 92.3 69.2 11.5 7.7 15.4 11.5

Urine (9) 11.1 11.1 0.0 00.0 88.9 88.9 44.4 11.1 0.0 0.0 0.0

Environment Equipment (5) 0.0 0.0 20.0 20.0 80.0 100.0 80.0 20.0 20.0 20.0 40.0

Soil (4) 25.0 0.0 0.0 0.0 75.0 100.0 75.0 0.0 0.0 0.0 0.0

Abbreviations: n, sample size; ESBL-EC, Extended Spectrum Beta lactamase producing Escherichia coli; CTX, Cefotaxime; FEP, Cefepime; ATM, Aztreonam; 
CAZ, Ceftazidime; TE, Tetracycline; SXT, Sulfamethoxazole-Trimethoprim; CIP, Ciprofloxacin; AMC, Amoxicillin-clavulanic acid; CN, Gentamicin; MEM, 
Meropenem; IPM, Imipenem.

Table 4 Drug Resistance Profile of ESBL-EC 
Isolates

Resistance to 
Drugs

Frequency MARI

R3 5 0.27

R4 7 0.36

R5 9 0.45
R6 20 0.55

R7 21 0.64

R8 24 0.73
R9 11 0.82

Notes: R3-R9 signifies resistance to 3 drug - 9 drugs 
respectively; Numerical values of MARI indicate a factor 
of the number of drugs that were resisted by the organism 
when compared to the total antibiotics used; frequency is 
the number of organisms that resisted the recorded num-
ber of antibiotics. 
Abbreviation: MARI, Multiple antibiotic resistance index.
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shared the same resistance profile for all drugs. For household C, humans shared similar resistance with animals (goats) for ten 
drugs apart from gentamycin where the human sample was resistant while the animal (goat) sample was susceptible (Figure 6).

Matrix of Factors Linked to the Highest and Lowest Resistance
For this matrix, we considered 8 households with ESBL-EC isolates showing resistance to a high number of antibiotics 
(>8). These households were practicing an intensive animal husbandry system, obtained water from a protected water 
source, had heads having attained “primary and above” education level, and reared mainly goats (Table 5). On the other 
hand, households with the least (n=3) number of MDR ESBL-EC isolates were characterized by a free-ranging animal 
husbandry system, headed by elderly (>50 years) females who had no formal education record, negotiated with health 
professionals on dosage due to financial constraints, and was in a rural setting (Supplementary Table 3).

Table 5 Matrix for the Highest Resistance Among Households

ID Sample Source Sample Type Husbandry Resistance Profile

A Animal Goat Intensive SXT, CTX, FEP, MEM, CN, TE, ATM, CAZ, CIP

B Animal Goat Intensive SXT, CTX, FEP, CN, TE, ATM, CAZ, CIP

C Human Fecal Intensive AMC, SXT, CTX, FEP, CN, TE, ATM, CAZ, CIP

C Human Urine Intensive AMC, SXT, CTX, FEP, CN, TE, ATM, CAZ, CIP

D Animal Goat Intensive AMC, SXT, CTX, FEP, CN, TE, ATM, CAZ, CIP

E Human Urine Intensive SXT, CTX, FEP, MEM, CN, TE, ATM, CAZ, CIP

E Environment Soil Intensive AMC, SXT, CTX, FEP, CN, TE, ATM, CAZ, CIP

F Human Fecal Intensive AMC, CTX, FEP, IPM, CN, TE, ATM, CAZ, CIP

G Human Urine Intensive AMC, SXT, CTX, FEP, CN, TE, ATM, CAZ, CIP

H Animal Cow Intensive AMC, SXT, CTX, FEP, CN, TE, ATM, CAZ, CIP

Abbreviations: ID, Unique identifier of households; CTX, Cefotaxime; FEP, Cefepime; ATM, Aztreonam; CAZ, Ceftazidime; TE, 
Tetracycline; SXT, Sulfamethoxazole-Trimethoprim; CIP, Ciprofloxacin; AMC, Amoxicillin-clavulanic acid; CN, Gentamicin; MEM, 
Meropenem; IPM, Imipenem.

Figure 6 Antibiotic sensitivity profiles for isolates from four unique households.
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Discussion
Since the early 2000s, ESBL-producing organisms have been greatly recognized and implicated in several hospital and 
community-acquired infections around the world.32 Understanding the resistance patterns exhibited by ESBL-producing 
organisms such as E. coli is paramount in choosing the available effective antibiotic therapy to be adopted during human 
and animal treatment. This also provides evidence-based advice for good agricultural practices to regulate the use of 
antibiotic agents to prevent and control AMR development. Our study details the antibiotic sensitivity profiles of the 
increasingly recognized ESBL-EC organisms at the human-animal-environmental interface using a One Health paradigm 
as earlier used.33

Up to 98% of the ESBL-EC isolates in this study were resistant to at least three antibiotics. We, therefore, report a low 
percentage (2%) of non-MDR ESBL-EC isolates ie, 1% being resistant to one drug and 1% being resistant to two drugs. 
ESBL-EC isolates were more susceptible to meropenem (MEM), and imipenem followed by gentamicin. ESBL-EC 
isolates from humans and animals were most susceptible to MEM followed by imipenem (IPM)> gentamicin (CN)> 
ciprofloxacin (CIP). ESBL-EC isolates from the environment were most susceptible to MEM, followed by IPM, and were 
highly resistant to other antibiotics. ESBL-EC isolates from the environment had similar susceptibility profiles for 
gentamicin and imipenem. Importantly, our results reveal some degree of similarity in the phenotypic antibiograms of the 
different samples from humans, animals, and the environment which is indicative of potential transmission at the 
household interface. Such observed resistance profiles of the ESBL-EC isolates obtained from community settings are 
worrying and warrant urgent attention.

Out of the 11 antibiotics used in our study, carbapenems ie, meropenem and imipenem had the highest activity against 
the ESBL-EC isolates from humans, animals, and the environment. Despite this, only 88% and 82% of the isolates were 
susceptible with about 5% and 2% being resistant to MEM and IPM respectively. Reporting carbapenem resistance in 
community settings presents a worrying situation since this class of drugs is the last resort beta-lactam and is considered 
the safest and most effective antibiotic for the treatment of bacterial infections. Carbapenems have also been reported in 
several other studies to still be effective on ESBL-producing organisms.34,35 A study conducted in rural Tanzania among 
scavenging local chickens also revealed that the ESBL-EC isolates were 100% susceptible to Carbapenems and 
gentamicin.36 Presentation of carbapenem resistance in our study could potentially be linked to exposures from hospital 
settings where significant resistance to this class of antibiotics has been reported. It is important to note that despite being 
a beta-lactam antibiotic, carbapenem efficacy has been attributed to their stability against beta-lactamase enzymes 
produced by the ESBL bacteria, rendering them the treatment of choice against ESBL infections.37 Infection prevention 
and control, as well as hygiene measures, need to be promoted to make hospital environments safe and ensure the 
protection of humans (patients and caretakers) respectively. A limitation of this study is that we did not screen for 
carbapenemase-producers among the isolates, which could potentially cause an overestimate in ESBL-EC prevalence.

More than 60% of the ESBL-EC in this study were still susceptible to these aminoglycosides (gentamicin), which is 
quite useful. On the contrary, a study conducted in Thailand revealed a high degree of ESBL-EC resistance to gentamicin 
among cows even though the calves were susceptible to the same antibiotic.38 The difference in the ESBL-EC sensitivity 
to gentamicin could be because of the routine use of aminoglycosides on cattle farms in Thailand thus creating selective 
pressure for the antibiotic. It is important to note that studies conducted on bacterial sensitivity to aminoglycosides within 
hospital settings have reported a slightly higher resistance.39,40 On the other hand, the mechanism of action (creating 
fissures in the outer membrane of the bacterial cell and inhibiting bacterial polyprotein synthesis) for Aminoglycosides 
such as gentamicin makes them still effective at treating these ESBL infections.39 Such action is however interrupted by 
the co-existence of aminoglycoside and carbapenem resistance. In Uganda, there is currently limited use of gentamicin in 
the treatment of microbial infections due to the feared nephrotoxicity and need for multiple daily dosing, unlike 
ceftriaxone which is perceived safe and taken in a single daily dose. Like it is for carbapenems, the source of gentamicin 
resistance in community bacterial samples remains largely unclear even though links can be made to hospital settings or 
previous admission to hospital and veterinary practice.

The ESBL-EC isolates registered a high resistance to fluoroquinolones, cephalosporins, and penicillin within the 
study population in Wakiso district. These results are similar to those of a study in Morocco which reported a high 
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resistance (100%) of ESBL-EC urinary tract infections to cephalosporins and penicillin with inhibitors such as 
Amoxicillin/ clavulanate.41 Similar antibiotic resistance patterns have been reported in other studies elsewhere.30,42 

The clear cause of ESBL-EC community occurrence and their corresponding high resistance to most antibiotics remains 
complex and under-studied. However, the reported irrational use of antibiotics among humans and animals, the presence 
of resistant organisms in the environment coupled with the high degree of interaction at the human-animal-environment 
interface could potentially contribute to this problem. Other studies back up this argument by demonstrating that 
antibiotic-resistant organisms have a set of mechanisms for transferring drug resistance genes from one bacteria to 
another via plasmids, and transposons among others thus limiting the therapeutic choice and increasing treatment 
failure.43,44

Based on the MARI values reported in our study, most of the ESBL-EC isolates belonged to the MDR class. Previous 
studies have shown that all ESBL-producing E. coli isolates belong to MDR.45,46 These results are contrary to those 
reported in a study conducted among livestock in Malaysia that indicated a very low prevalence of MDR ESBL-EC.47 

The difference in the MARI could be attributed to the variations in the regulation of antibiotic use in the two countries. 
This high degree of resistance in almost all the drug combinations in this study could be associated with epidemiological 
and practice factors. Studies have reported several factors that include availability and accessibility without a doctor’s 
prescription from a pharmacy and relatively cheap.48–50 In addition, self-prescription, antibiotic drug leftovers, and 
subsequent use of antibiotics for all types of infection by patients, animal health workers, quacks, and doctors these 
actions expose pathogens to low or high doses of antibiotics leading to AMR development.51–53 Low- and middle-income 
countries such as Uganda need to enhance the regulation of antibiotic use among humans, animals, and crops.

The presence of similar resistance profiles among humans, animals, and the environment at the household level in our 
study area is suggestive of both horizontal zoonotic and reverse zoonotic transmission. This study reports relatedness in 
the resistance profiles exhibited at the household level ie, cats and chickens; pigs and goats; humans and goats; soil and 
humans. This could be explained by the potential ESBL-EC transmission at the human-animal-environment interface 
since some antibiotics have not been reported to be used in animal treatment. For instance, in Uganda, there is currently 
no reported use of carbapenems in the treatment of animals, especially livestock, therefore, the presence of carbapenem 
resistance could also imply potential transmission from either hospital settings, household, and or farm environments. 
Similarly, despite the prohibited use of carbapenems in livestock production in Germany, studies have reported high 
carbapenem resistance among dogs.54 This can be suggestive of human-to-animal transmission of the resistance genes. It 
is therefore important to promote improved infection prevention and control as well as biosecurity measures at the 
farming household level to intercept the transmission pathway of the resistant organisms. In addition, public health 
interventions should be designed to break the chain of interactions and reduce the burden of ESBL-EC and associated 
consequences.

Based on the epidemiological factors reported, households that had the highest number of MDR ESBL-EC isolates 
were practicing intensive animal husbandry systems and mainly reared goats. Studies conducted in both LMICs and 
developed countries to ascertain the burden of antibiotic residues have reported goats’ meat to have a lot of drug 
residues.55 Several other studies also report that under the intensive animal husbandry system, there is wide use of 
antimicrobial agents for disease prevention, treatment, and growth promotion.56,57 There is a need for the creation 
of specific diagnostic and treatment protocols for small ruminants such as goats to minimize irrational use and subsequent 
resistance development and its socio-economic outcomes. It is no doubt that the intensive usage of antimicrobials in 
livestock production and human health may cause selection for resistance among microorganisms. Therefore, veterinary 
authorities, farmers, and human medical practitioners should be sensitized and alerted to rationalize the usage of 
antimicrobials to reduce the AMR burden and preserve the efficacy of the treatment options.

Conclusion
Our study provides baseline information on the multi-drug resistance nature of ESBL-EC at the human-animal- 
environment interface. ESBL-EC isolates were prevalent among apparently healthy community members, animals, and 
their environment in Wakiso district, central Uganda. Our study provides baseline information on non-hospital-based 
MDR caused by ESBL-EC using a One Health approach. Routine monitoring of ESBL producers, and improved 
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regulation of antibiotic use, alongside increased antibiogram testing may greatly reduce the burden of resistant bacteria in 
community settings and subsequent disease outbreaks. More studies using a One Health approach are needed to generate 
more evidence on the drivers, resistance patterns, and transmission of ESBL-producing organisms at the human-animal- 
environmental interface.
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