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SUMMARY 

Antimicrobial resistance is a serious and escalating threat to global health. This study established 

a baseline antimicrobial resistance profile and prevalence for cloacal Escherichia coli in 

chickens in central Tanzania. Animal husbandry practices, flock size, and chicken breed were 

recorded for risk factor evaluation to elucidate potential drivers of resistance across populations. 

Cloacal samples were collected from poultry in Iringa, Tanzania, and E. coli isolates cultured 

were then tested for susceptibility to seven medically important antimicrobial drugs: ampicillin, 

amoxicillin-clavulanate, cefoxitin, enrofloxacin, gentamicin, sulfamethoxazole-trimethoprim, 

and tetracycline using the Kirby-Bauer disk diffusion method. Over 94% of the 59 E. coli 

isolates tested were resistant to at least one antimicrobial drug, and over 61% of isolates were 

resistant to three or more classes of antimicrobial drugs. The highest prevalence of resistance 

found was to tetracycline and sulfamethoxazole-trimethoprim (88% and 86%, respectively), 

which were used regularly on many sampled chickens. Previous antimicrobial usage emerged as 

the only significant risk factor associated with increased detection of multi-drug resistant E. coli. 

Further surveillance and educational outreach about antimicrobial resistance and stewardship is 

recommended to reduce antimicrobial drug use and to limit the potential spread of resistance to 

antimicrobial drugs in Tanzania. 

Key words: Antimicrobial resistance, antimicrobial stewardship, chicken production 

INTRODUCTION 

Antimicrobial resistance (AMR) is a  

worldwide threat to human and livestock 

health as well as livelihoods (WHO, 2018). 

Defined as the ability of a microorganism to 

resist the effects of antimicrobial medicine 

typically used against it, AMR often results 

in resistant infections with increased 

mortality, morbidity, and cost of health care 

(WHO, 2018). The World Health 

Organization, Food and Agriculture 

Organization of the United Nations, and 

World Organisation for Animal Health have 

all recognized the threat of AMR and the 

need for a One Health multidisciplinary 

approach to limit the emergence and spread 

of AMR (FAO, 2016; OIE, 2016; WHO, 

2018). In Tanzania, as with many places 

around the world, easy access to and 

inappropriate use of antimicrobial drugs 

contribute to selection of resistant bacterial 

strains in both humans and animals 

(Katakweba et al., 2018; Kimera et al., 

2020; Mdegela et al., 2021). Resistant 

infections are especially concerning in 

livestock as they not only threaten 

producer’s livelihoods with their increased 

livestock mortality rates and treatment costs, 

but also may spread to human consumers 

(Mdegela et al., 2021). Though AMR is a 

growing global threat, there still remains a 

shortage of data on its levels and trends in 

Tanzania (Katakweba et al., 2018). Notably, 

a recent study in Arusha, Tanzania found 

that intensively-raised commercial chickens 

have higher prevalence of resistant E. coli 

than free-ranging village chickens  
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(Rugamisa et al., 2016). In contrast, a 

separate study in Morogoro and Dar-Es-

salaam, Tanzania found that free-ranging 

chickens had higher numbers of resistant E. 

coli than commercial chickens (Katakweba 

et al., 2018). While these two studies had 

some differences in sampling and laboratory 

methods, the discrepancy between their 

findings highlights the importance of further 

research on AMR trends in Tanzania and 

across different production systems.  

Furthermore, in northern Tanzania,  

researchers identified a high prevalence of 

antimicrobial resistance in bacterial isolates 

from livestock, people, and water sources; 

this study identified livelihood factors that 

promote general transmission of bacteria to 

be associated with increased prevalence of 

antimicrobial resistance (Subbiah et al., 

2020). The need to increase antimicrobial 

resistance surveillance in poultry is further 

supported by the priorities identified in 

Tanzania’s National Action Plan on 

Antimicrobial Resistance (The United 

Republic of Tanzania, 2017). This study 

established a baseline prevalence and profile 

of antimicrobial resistant E. coli in chickens 

in Iringa, Tanzania by working with local 

stakeholders and veterinarians involved with 

the Health for Animals and Livelihood 

Improvement project. Risk factors for AMR, 

such as husbandry and poultry-keeping 

practices, were also evaluated to elucidate 

possible reasons for differences in resistance 

across chicken populations. 

All surveillance activities were conducted in 

collaboration with, and with permission 

from relevant regional authorities, as well as 

approved through formal ethical review 

committee approval and support letters. All 

animal sampling activities were conducted 

under permission of the Institutional Animal 

Care and Use Committee at the University 

of California, Davis (Protocol 21042) and in 

collaboration with SUA and TVLA, Iringa 

Region under the HALI permit number 

2019-340-NA-2006-79. 

RESULTS AND DISCUSSION 

A total of 12 farms were enrolled and 120 

chickens were sampled. Of these samples, 

107 isolates were grown, 89 of which were 

confirmed to be E. coli. Fifty-nine pure E. 

coli isolates were successfully tested for 

susceptibility to all seven antimicrobial 

drugs, ampicillin (AM), amoxicillin-

clavulanate (AMC), cefoxitin (FOX), 

enrofloxacin (ENO), gentamicin (GM), 

sulfamethoxazole-trimethoprim (SXT), and 

tetracycline (TE), with 41 of those isolates 

coming from commercial chickens and 18 

from indigenous chickens (Table 1). Of 

these 59 isolates, 95% were resistant to at 

least one antimicrobial drug. Only 3 of the 

59 isolates were susceptible to all drugs. All 

pan-susceptible isolates had been sampled 

from chickens on one small-scale farm of 

indigenous chickens. The prevalence of 

resistance was determined as the number of 

isolates resistant to a given antimicrobial 

drug divided by the number of isolates 

tested for resistance to that drug and is 

shown in Figure 1. The antimicrobial drugs 

with the highest prevalence of resistance 

were TE and SXT, with 88% and 86% of 

isolates resistant to TE and SXT 

respectively. Just over 81% of isolates were 

resistant to both TE and SXT. AM was the 

antimicrobial drug with the third highest 

resistance, with 48% of isolates being 

resistant. Multi-drug resistance (MDR), 

defined as resistance to drugs in 3 or more 

classes of antimicrobials, was seen in 61% 

of isolates. Enrolled farms included a range 

of husbandry practices and flock 

demographics. Breed, age, sex, diet, flock 

size, and housing near other livestock 

species were all examined as risk factors in 

the logistic regression model and showed no 

significant association with the outcome of 

MDR. To verify no other risk factor 

impacting MDR was missed due to small 

sample size, prevalence of resistance was 

examined across each risk factor 

individually. Usage of antimicrobial drugs 

on farms was identified as a statistically 

significant risk factor for MDR (n=59, 

p=0.018). Sulfonamides and tetracycline 

were reported as being used on 9 of the 12 

farms surveyed, and those farms were found 

to have higher prevalence of resistance to 

every antimicrobial drug tested when 

compared to farms not using antimicrobials.  
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Figure 1: Prevalence of resistant E. coli isolates from indigenous and commercial chickens, in 

the present study and two prior studies. The Dar-Es-salaam and Morogoro study tested 140 E. 

coli isolates, 70 from indigenous chickens and 70 from exotic chickens, for antimicrobial 

resistance between 2011-2013 (Katakweba et al., 2018). The Arusha study sampled 75 chickens, 

25 scavenging local chickens and 50 penned broiler chickens, and tested 1,800 E. coli isolates 

for antimicrobial resistance in 2016 (Rugamisa et al., 2016). *Amoxicillin-clavulanate and 

sulfamethoxazole-trimethoprim were not tested in Arusha (Rugamisa et al., 2016). 

**Cephalosporins: resistance to cefotaxime, a third generation cephalosporin, was tested in Dar-

Es-salaam, Morogoro, and Arusha (Katakweba et al., 2018; Rugamisa et al., 2016). In Iringa, 

resistance to cefoxitin, a second generation cephalosporin, was tested. ***Fluoroquinolones: 

resistance to ciprofloxacin was tested in Dar-Es-salaam, Morogoro, and Arusha. In Iringa, 

resistance to enrofloxacin was tested (Katakweba et al., 2018; Rugamisa et al., 2016). 

This study was among the first to 

characterize antimicrobial resistance in E. 

coli from chickens in Iringa, Tanzania. High 

prevalences of resistance to TE, SXT, and 

AM were found, which is consistent with 

reported trends of E. coli resistance both 

internationally and within Tanzania (Lei et 

al., 2010; Rugamisa et al., 2016; Katakweba 

et al., 2018; Subbiah et al., 2020).  

When compared to prior studies on 

antimicrobial resistant E. coli in chickens in 

other areas of Tanzania, this study found a 

higher prevalence of resistance to TE and 

SXT (Figure 1) (Rugamisa et al., 2016; 

Katakweba et al., 2018). However, different 

sample sizes and sampling methods may 

influence the differences between studies.  

These two antimicrobial drugs were 

commonly used on poultry farms in Iringa 

(used in 75% of farms in our study), and are 

considered inexpensive and readily available 

without prescription in the region (Rugamisa 

et al., 2016). Additionally, this study 

identified prior usage of antimicrobial drugs 

as a significant risk factor for increased 

prevalence of multi-drug resistant E. coli. 

Given the known link between antimicrobial 

use and the development of resistance 

(WHO, 2018), this suggests the use of these 

antimicrobial drugs may play a role in 

selecting for resistance. However, as 

demonstrated in a recent study in northern 

Tanzania, the driving factors of 

antimicrobial resistance are complex and 

also include livelihood factors that promote 
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the general transmission of bacteria, such as 

shared water sources (Subbiah et al., 2020).  

Notably, antimicrobial usage had a stronger 

association with multi-drug resistance than 

breed of chicken (i.e. commercial breed or 

local indigenous breed), and that was 

unexpected. While the indigenous chicken 

farms were generally smaller scale and 

produced no other livestock species, these 

farms reported using antimicrobials and 

vaccines as often as commercial farms.  

This contradicts the prior belief that 

classically free-ranging indigenous chickens 

are rarely exposed to antimicrobial drugs but 

may explain the similarity in resistance 

profiles between indigenous and commercial 

chickens. Chickens not treated with 

antimicrobial drugs had a lower prevalence 

of resistance across all antimicrobial drugs, 

yet some were still found to carry resistant 

E. coli. Previous studies have shown the

environment is a vast reservoir of resistant

organisms and their associated genes

(Kimera et al., 2020; Subbiah et al., 2020),

therefore chickens may be exposed to

antimicrobial drugs, antimicrobial residues,

or resistant bacteria in their daily

environments.

While this study established use of 

antimicrobial drugs as a significant 

contributing factor to AMR, there were 

several limitations to consider. Due to 

challenges with specialized laboratory 

media, only 59 E. coli isolates yielded 

interpretable susceptibility results. This 

limited the sample size from its expected 

120 isolates to 59 isolates, leading to an 

overrepresentation of commercial chickens 

as compared to indigenous, as well as a 

decrease in power due to sample size. 

Furthermore, inclusion of more than 1 

isolate per chicken sample may have 

improved study power. This study’s initial 

findings were shared with the community 

and partner organizations through 

presentations held in Iringa, Tanzania. These 

meetings fostered discussion and interest in 

potential steps to combat AMR. However, 

there is limited research around 

antimicrobial stewardship interventions in 

Africa (Frumence et al., 2021). Of the many 

strategies existing, persuasive interventions 

using education, audits, and guidelines have 

been successful at reducing antimicrobial 

drug usage in human health care in Africa 

(Akpan, 2020), suggesting similar 

educational outreach for livestock producers 

may be efficacious.  

Additionally, future projects may focus on 

improving infectious disease control by 

promoting vaccination, safe water, 

sanitation, and farm biosecurity practices to 

limit the need for antimicrobial drug use 

(Mdegela et al., 2021; Subbiah et al., 2020). 

Lastly, increasing infrastructure and policies 

that support rational antimicrobial use and 

continued AMR surveillance is critical to 

both monitor the extent of the AMR crisis 

and to design targeted intervention strategies 

(Kimera et al., 2020; Frumence et al., 2021; 

Mdegela et al., 2021).  

It is the authors’ hope that this pilot study 

will lead to further AMR surveillance and 

research into the drivers of AMR in poultry 

across Tanzania. Additionally, molecular 

characterization of these isolates would 

increase knowledge of the genetic elements 

responsible for AMR and contribute to the 

national database of resistant strains of E. 

coli in Tanzania. Longitudinal studies may 

follow up on antimicrobial stewardship 

interventions for livestock producers to 

determine if this outreach is effective in 

lowering usage of antimicrobial drugs, and 

if that in turn impacts the prevalence of 

AMR. 

This study found high levels of 

antimicrobial resistant E. coli in chickens 

across production systems in Iringa. 

Prevalence of resistance was highest to the 

two antimicrobial drugs commonly used in 

chickens. Additionally, prior antimicrobial 

usage was identified as a significant risk 

factor for multi-drug resistant E. coli. This 

suggests current antimicrobial drug usage 

may be driving the selection of resistance. 

These findings highlight the importance of 

improving antimicrobial stewardship and 

continuing AMR surveillance in these 

farming communities to combat the 

potential spread of resistance to 

antimicrobial drugs. 
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