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ABSTRACT 

 

Objectives: This paper presents a meta-analytical review of research on 

antimicrobial resistance in animals and environment, with a goal of providing 

additional data on the current status of AMR in Kenya.  

Data sources: The data was collected from a desktop search on studies carried out 

on antimicrobial susceptibility or resistance in Kenya, with respect to bacteria 

isolated from animals and environment. 

Study selection: A total of fifteen data sources were consulted.   Out of these, 13 

specifically covered AMR in bacteria isolated from Kenyan animals and 2 from 

environment. Studies undertaken included phenotypic and/or genotypic profiling 

of one or many bacteria against varying combinations of antimicrobials.    

Data extraction and synthesis: The study involved a meta-analytical review of the 

data sources; noting the respective antimicrobial susceptibility profiles of the 

isolates.  

Results: The studies show that most bacterial isolates manifested varying 

susceptibility profiles to a variety of antimicrobials and were mostly resistant to 

antimicrobials commonly used in Kenya, and more susceptible to the least 

commonly used ones. Some studies alluded to the possibility of gene transfer 

between bacteria. Eleven out of the 13 animal studies (84.6%) and the two studies 

on environmental isolates indicated presence of multi-drug resistant strains –up-

to 7 antimicrobials. Where the antimicrobial combinations were given, the one 

included most was Sulphamethoxazole at 85.7%; the least was Gentamycin (at 1/14; 

7.1%).   

Conclusion: Antimicrobial-resistant bacteria are common in all types of Kenyan 

animals and environment. They pose a danger of being transferred to humans and 

complicate treatment of human bacterial diseases.
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INTRODUCTION 

 

This study focusses on antimicrobial resistance 

(AMR) which is defined as the ability of 

microorganisms to grow in the presence of an 

antimicrobial that would normally kill them or 

inhibit their growth [1]. Resistance can be to a 

single or several antimicrobials [2]. Most of 

them are encoded by plasmids that can be 

transferred easily among bacteria [3,4]. It has 

been shown that any bacterium, carrying the 

resistance gene(s), whether pathogenic or not, 

can be involved in its transfer [5]. If the transfer 

is to a pathogenic bacterium, it will be difficult 

to treat the resultant infection(s).  

Antimicrobials are essential for human health 

and animal health [1] but need to be used 

cautiously. The major problem, with respect to 

development of AMR, is the fact that same 

molecules are used in both humans and 

animals for treatment or prophylaxis of disease 

[6,7], and a large percentage (60%) of bacteria 

(pathogenic or not) are shared between the two 

groups. This means that when resistance 

occurs in animals, there is a high chance that it 

will get to the humans; either indirectly, via the 

food chain, or directly from the animal [8,9]. 

Indiscriminate use of antimicrobials, for 

example, as growth promoters in veterinary 

medicine [10,11] should, therefore, be 

discouraged. The war on AMR in humans 

cannot be won without launching a parallel 

war in animals. 

In Kenya, as in most developing countries, it is 

difficult to get a complete picture of the AMR 

situation as antimicrobial susceptibility testing 

is not done routinely in diagnostic laboratories 

and specific researches are minimal and 

scattered (personal observation). It is, 

however, appreciated that a number of studies 

on antimicrobial resistance, mostly in humans, 

have been carried out in Kenya, and a number 

of them have been published. Earlier reviews 

by Kariuki [12,13] on situation analysis of 

AMR in Kenya covered studies done in 

humans and animals but they seem not to be 

exhaustive, especially with respect to animals. 

This paper, therefore, presents additional data 

based on a desktop search on studies carried 

out on antimicrobial susceptibility or 

resistance in Kenya, with respect to bacteria 

isolated from animals and environment. A 

total of fifteen data sources including 

publications in peer-reviewed journals formed 

the basis of this review. Out of these, 13 

specifically covered AMR in bacteria isolated 

from Kenyan animals and 2 from environment.  

Studies covered included both phenotypic 

and/or genotypic profiling of bacteria against 

antimicrobials.  The information is expected to 

add-onto the AMR baseline data already 

collected.  

The collected data was presented in terms of 

the study bacteria, study animal/environment 

source and antimicrobial resistance results, 

respectively. These are presented in one Table 

1: 
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Table 1 

Antimicrobial resistance profiles of bacterial isolates from animals and environment 

Bacterial isolate(s) Source Antimicrobial resistance profile Publication 

Salmonella Gallinarum  

(30 isolates) 

 From chicken 

intestinal 

contents, bone 

marrow and 

liver 

 

3% resistant to Co-trimoxazole, 

Erythromycin; 13% resistant to 

Nalidixic acid; 57% resistant to 

Streptomycin; 80% resistant to 

Compound sulphur; 100% resistant to 

Cloxacillin and penicillin  

Multiple drug resistances: 3% to two 

antimicrobials; 23% to 3; 26% to 4; 40% 

to 5; 6% to 6 and 3% to 8. Details of drug 

combinations were not given 

 

[14] Bebora and 

Nyaga (1989) 

E. coli (37 isolates)   From chicken 

livers 

All isolates were resistant to Septrin; 

others were resistant to Ampicillin 

62.2%; Tetracycline 51.4%; Kanamycin 

13.5%; Gentamycin 2.7% 

Some strains demonstrated multiple 

drug resistances: 48% to 2; 21.6% to 3; 

13.5% to 4 antibiotics   

 

[15] Bebora et al 

(1994)  

Staphylococcus aureus  

(96 isolates)  

 

Bovine- 

isolates: Milk 

(75); meat (21) 

 

Resistances were to Lincomycin 67.7%; 

Penicillin 66.7%; Co-trimoxazole 51%; 

Chloramphenicol 39.6%; Ampicillin 

31.3%; Methicillin 15.6%; Erythromycin 

14.6%; Minocycline 11.5% 

44.9% of meat isolates were resistant to 

antimicrobials compared to 36% of milk 

isolates (p = 0.0394) 

80.2% of the organisms showed multiple 

resistance to between two and six 

antibiotics. Details of drug combinations 

were not given. 

[16] Ombui et al   

         (2000)  

Listeria species (9 

isolates) 

  From mixed 

cloacal 

and oro-

pharyngeal 

swabs from 55 

farm chickens 

and 40   market 

chickens 

All isolates were resistant to Ampicillin, 

Augmentin, Cefuroxime; 33.3% each 

resistant to Co-trimoxazole and 

Chloramphenicol; 22.2% resistant to 

Tetracycline; 11.1% resistant to 

Kanamycin. 

All the 9 isolates showed multiple 

resistance: 3 to 3 (combination of 

Ampicillin-Augmentin-Cefuroxime,); 4 

to 4 (combination of Ampicillin-

Augmentin-Cefuroxime- Tetracycline); 

1 to 5 and 1 to 6 antimicrobials. 

[17] Njagi et al  

         (2004)  
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Escherichia coli Healthy Food 

animals 

(Bovine, Pigs, 

and chicken) 

Antimicrobial resistances were to:  

Sulphamethoxazole 22%; Co-

trimoxazole 21%; Ampicillin 19%; 

Tetracycline 14%, Streptomycin 9%; 

Chloramphenicol 4.4%; Kanamycin 

2.5% 

10% of the isolates were resistant to at 

least one antibiotic, while 26% were 

resistant to 2 or more antibiotics.  

Generally, resistance was significantly 

higher for isolates from pigs and poultry 

than from cattle 

[18] Mapenay et al 

(2006) 

E. coli isolates from 

intestines:  

-  131 

livers and spleens 

 -  6 

Pseudomonas 

paucimobilis – 31 

Chryseomonas luteola – 

13 

Aeromonas spp – 14 

Salmonella  

    Typhimurium - 1  

Agrobacter radiobacter - 

1 

Rats: 215 from 

slums 

Pseudomonas aeroginosa was 100% 

resistant to10 of the tested 

antimicrobials; Aeromonas salmonicida 

showed 100% resistance to 7 of the 

tested antimicrobials.  

The rest showed variable resistances; to 

one or more antimicrobials. 

Three isolates were resistant to 4 

antimicrobials: Ampicillin, Cefuroxime, 

Cephradine and Trimethoxazole; 

Two were resistant to 2 antimicrobials: 

  - one to Sulphamethoxazole and   

chloramphenicol  

  - one to Tetracycline and   Cefotaxime 

[19] Gakuya et al  

         (2007) 

E. coli - selected from 

isolates that were 

Streptomycin and/or 

Chloramphenicol 

resistant 

Cattle – 5 

Pigs – 19 

Chickens – 6 

 

 

 

Seven of the 29 streptomycin-resistant 

isolates harbored both 

the strA and strB genes. Twenty-one of 

isolates had the strA, strB, 

and aadA1 genes.  

Reported easy transfer of the 

streptomycin-resistance genes strB, strA, 

and chloramphenicol-resistance gene 

catA1 - pointing to the significance of 

conjugative resistance plasmids in the 

spread and persistence of streptomycin 

and chloramphenicol resistance in food 

animals in Kenya 

[4] Kikuvi et al 

      (2007a) 

Salmonella isolates: 

(Salmonella Heidelberg 

(3)  

 ; Salmonella 

Braenderup (2).  

 Salmonella Saintpaul 

(4)  

 

 From cattle, 

pigs and 

chicken 

(faeces; 

carcass,  

pharyngeal 

and cloacal 

swabs)  

The two S. Braenderup isolates were 

multidrug resistant to Ampicillin, 

Tetracycline and Streptomycin 

The 4 S. Saintpaul isolates showed 

resistance to one antimicrobial each: 

Chloramphenicol, Streptomycin, 

Ampicillin or Tetracycline 

[20] Kikuvi et al   

        (2007b) 
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The 3 S. Heidelberg isolates were 

susceptible to all the antimicrobials 

tested 

Salmonella 

(Salmonella Heidelberg; 

Salmonella Braenderup;         

Salmonella Saintpaul) 

 From 

slaughtered 

pigs (faeces 

and  

carcass swabs) 

Antimicrobial resistance was found in 

35.7% of the isolates. 

The blaTEM gene was detected in each 

of the ampicillin-resistant Salmonella 

isolates while the strA gene was 

detected in each of the streptomycin-

resistant isolates.  

[21] Kikuvi et al   

         (2010) 

Escherichia coli: ESBLs Dogs (47/216), 

cats (2/50) 

(rectal swabs) 

and humans 

(owners; feces) 

4/23) 

 

The ESBL-producing E. coli isolates 

resistances:    

-Tetracycline 100% 

Trimethoprim/sulphamethoxazole – 

100% 

Sulphonamide   98%   

Nalidixic acid   96%;  

Ciprofloxacin   94%  

Gentamycin   87%,  

Chloramphenicol   43%   

Streptomycin 34%;  

Amoxicillin-Clavulanic acid   15% 

Cefrazidime   11%.  

Similarity between 8 dog and 2 human 

isolates; and one human and one cat 

isolates were demonstrated using PFGE 

– an indication of transmission between 

humans and animals. 

Transfer of plasmids across species was 

demonstrated 

[22] Allorechtova 

et al (2012) 

Salmonella  

(S. Enteritidis and S. 

Typhimurium) 

 

Kale leaves 

marketed in 

Nairobi, and 

respective 

washing water 

 

Human 

clinical cases 

Resistances to antimicrobials: 

 Penicillin 100% 

 Ceftiazone and Cefuroxime 16.7% each,  

Ampicillin/Cloxacillin, 

Chloramphenicol and Co-trimoxazole 

33.3% each,  

Erythromycin 50% 

The 3 clinical isolates demonstrated 

multiple drug resistance: to 2 

(combination of P/E); 5 (combination of 

AMP/COT/E/C/P); and 7 (combination 

of AMP/CEFU/COT/E/CEFT/C/P  

 

[23] Kutto (2012) 

E. coli 318 water 

samples 

collected at 

different 

Isolates were most resistant to 

Ampicillin 63.8% and Multi-drug 

resistant strains of more than 3 antibiotic 

classes accounted for 65.4% of all the 

24] Wambugu et al 

(2015) 



5334 EAST AFRICAN MEDICAL JOURNAL November 2022 

points along 

Athi River in 

Machakos 

County 

isolates (details of drug combinations 

were not given).  

Resistances to the other antimicrobials 

were variable as follows:  

-Amoxicillin/clavulanic acid –   45.2%, 

Cefoxin 46.9%, -Sulfamethoxazole 

44.1%, -Tetracycline 20.1%, Cefpodoxim 

17%, Aztreonam 10.4%, Nalidixic acid 

10.4%, Ceftazidime 2.5%, Ciprofloxacin 

6.9%, Chloramphenicol  3.8%, Cefepime  

1.8%  

Sites recorded as having human 

industrial and agricultural activities had 

strains that were significantly more 

resistant to Ampicillin, Cefoxitin, 

Amoxicillin/clavulanic acid (p ≤ 0.05) 

than isolates from sections of the river 

traversing virgin land and land with 

minimum human activities.   

Bacillus  

Coagulase-negative 

Staphylococcus  

Coagulase-positive  

Staphylococcus   

Strept. agalactiae Other 

Streptococcus spp. 

Nasal swabs of 

healthy 

Camels  

Multidrug resistance reported in 30.5% 

of the isolates tested; to 2, 3, 4, 6 and 7 

antimicrobials 

[25] Mutua et al 

        (2017) 

Aeromonas,  

Proteus,  

Klebsiella,  

Citrobacter,  

Salmonella, 

Streptococcus, 

Pseudomonas, 

Escherichia,  

Serratia and 

Micrococcus 

 

Farmed Nile 

tilapia, African 

cat  

fish, goldfish 

and koi carp 

tissues  

All the bacteria except Micrococcus, 

Escherichia and Salmonella species 

showed multiple drug resistant patterns 

Streptococcus showed resistance to six 

antibiotics, while Proteus, Pseudomonas 

and Serratia were resistant to five 

antibiotics.  

Multiple antibiotic resistance index 

ranged from 0.1 to 0.8, with Streptococcus 

spp. having the highest score value. 

 Resistances to Co-trimoxazole and 

Ampicillin were at 73% and 62%, 

respectively. 

[26] Wanja et al 

         (2020)  

E. coli 

Staphylococcus and 

Streptococcus 

Intestinal 

contents of 

indigenous 

slaughtered 

Chicken 

Escherichia isolates were resistant to 

Ampicillin, Sulphamethoxazole and 

Amoxicillin at 100%, 93.3%, 93.3% 

respectively; 13.3% were resistant to 

Gentamycin 

Staphylococcus isolates were resistant to 

Clindamycin 73.3%, Tetracycline 46.7%, 

Chloramphenicol 40% 

[27 ] Igizeneza et al 

(2020) 

 

https://www.hindawi.com/30398901/
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 Streptococcus isolates were resistant to 

Sulphamethoxazole, Clindamycin, 

Erythromycin, Tetracycline, 

Chloramphenicol at 93.3%, 86.7%, 60%, 

60% and 53.3% respectively. 

The three bacterial types showed 

multidrug resistances as shown:  to 2 

(combinations of AMC/AMP; RL/AMP, 

DA/C; DA/TE, RL/DA); 3 (combination 

of AMC/RL/AMP),  DA/C/TE,  RL/TE/E; 

RL/TE/DA; RL/DA/ C);; 4 (combination 

of  CN/AMC/RL/AMP;  RL/DA/E/TE; 

RL/DA/E/C; RL/DA/C/TE);  5 

(combination of  RL/E/DA/TE/C) 

Key: AMC: Amoxycillin; AMP: Ampicillin; RL: Sulphamethoxazole; CN: Gentamycin; DA: Clindamycin; C: Chloramphenicol; 

TE: Tetracycline; E: Erythromycin; P: Penicillin; COT: Co-trimoxazole; CEFU: Cefuroxime; CEFTI: Ceftiazone 

 

Summary AMR results of bacteria isolated from 

animals (n = 13) 

Majority of the animal studies were on 

phenotypic AMR profiling only (76.9%); 8 of 

which (80%) used disc diffusion method, while 

two (20%) used minimum inhibitory 

concentration (MIC) method. Two (15.4%) 

were mainly on detection of resistant genes, 

while one (7.7%) involved both phenotypic 

and genotypic profiling; the phenotypic study 

used minimum MIC method. Multiple drug 

resistances were detected, while the three 

genotypic studies detected genes responsible 

for particular antimicrobial resistances (Table 

1). 

The most commonly used animals in the 

studies were chickens (53.8%), followed by 

cattle and pigs (both at 30.8%), dogs, camels 

and fish (each at 7.7%); some studies involved 

more than one animal species. Interestingly, 

there was a study involving rats. The studies 

were carried out on bacterial isolates from 

healthy-looking animals. 

Bacterial isolates mostly used for these studies 

were E. coli (53.8%); followed by Salmonella 

(38.5%); Staphylococcus and Streptococcus (each 

at 23.1%); Listeria, Bacillus and Aeromonas (each 

at 7.7%), among others. Some studies involved 

more than one bacterial genera.   

The most studied antimicrobials were 

Gentamycin and Chloramphenicol, each at 

92.3%; followed by Tetracycline at 84.6%; Co-

trimoxazole at 76.9%; Ampicillin at 69.2%; 

Streptomycin at 61.5%; Compound 

sulphur/Suphamethoxazole and Kanamycin, 

each at 53.8%; Nalidixic acid at 38.5%; 

Erythromycin at 23.1%; Penicillin, Cefuroxime 

and Ciprofloxacin, each at 15.4%; the rest were 

studied at 7.7%. The general picture, drawn 

from the collected data, was that bacteria (both 

Gram positives and Gram negatives) were 

mostly resistant to antimicrobials that are 

commonly used in Kenya:  Tetracycline, 

Ampicillin, Co–trimoxazole, 

Sulphamethoxazole. They were more 

susceptible to antimicrobials that are not 

commonly used in Kenya:  Gentamycin, 

Chloramphenicol, Kanamycin, Erythromycin. 

Some of the studies (4 15, 22) demonstrated 

possibility of gene transfer between bacteria. 

Eleven of the 13 studies (84.6%) indicated 

presence of multi-drug resistant strains, 

although 6 (46.2%) of them did not give the 

resistant antimicrobial combinations.  The 

studied organisms manifested varying 
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multiple resistance profiles, ranging from 2 to 

5 antimicrobials. Of the 14 multi-resistant 

antimicrobial combinations reported in the 

studies, the antimicrobial most included was 

Sulphamethoxazole at 85.7%; followed by 

Tetracycline at 78.6% ; Clindamycin at 71.4% ; 

Ampicillin at 64.3% ; Chloramphenicol at 

57.1% ; Erythromycin at 28.6% ; Cefuroxime 

and Amoxycillin, each at 21.4% ; Augmentin 

and Streptomycin, each at 14.3% ; Cefotaxime, 

Cephradine, Trimethoxazole, Gentamycin, 

each at 7.1% . 

 

Summary AMR results of bacteria isolated from 

environment n = 2 

The two studies on AMR in bacteria isolated 

from environment involved one on E. coli 

isolated from Athi River water and one on 

Salmonella isolated from kale (sukuma wiki) [ 23 

, 24; Table 1]; they were based on phenotypic 

AMR profiling using disc diffusion method. 

The kale study represents one of the 

mechanisms through which antimicrobial 

resistant organisms can spread between 

environment and humans.  Multiple drug 

resistances were detected. 

The study on E. coli isolates [24], recorded high 

susceptibility to Gentamycin (99.4%), 

Ciprofloxacin (93.1%), Cefepime (98.2%), 

Ceftazidime (97.5%) and Chloramphenical 

(96.2%). The bacteria showed lowest 

susceptibility to Ampicillin at 36.2%. The 

researchers mentioned that 65.4% of the 

bacterial isolates   demonstrated multi drug 

resistances to more than 3 antimicrobials but 

did not elaborate on respective antimicrobial 

combinations. Kutto [23], working on the 

Salmonella isolates, recorded high 

susceptibilities to Ciprofloxacin and Nalidixic 

acid (both at 0% resistance; 100% 

susceptibility), Ampicillin, Chloramphenicol 

and Co-trimoxazole (at 33.3%). He also 

recorded cases of multiple resistances: one to 

two antimicrobials, with combination:  

Penicillin-Erythromycin; one to 5 

antimicrobials, with combination: Ampicillin-

Co-trimoxazole-Eythromycin-

Chloramphenicol-Penicillin, and one to seven 

antimicrobials, with combination: Ampicillin-

Cefuroxime-Co-trimoxazole-Erythromycin-

Ceftiazone-Chloramphenicol-Penicillin.  

The two studies used different antimicrobials; 

the only ones that overlapped were: 

Ampicillin. Nalidixic acid, Ciprofloxacin and 

Chloramphenicol. Based on these four, the 

isolates demonstrated high susceptibilities to 

antimicrobials that are supposed not to be 

commonly used in Kenya: Nalidixic acid 

(89.6% and 100%), Ciprofloxacin (93.1% and 

100%) and Chloramphenicol (96.2% and 

66.7%); while Ampicillin and 

Chloramphenicol were included in two of the 

three MDR combinations given by Kutto [23]. 

Other antimicrobials included in the MDR 

combinations were: Penicillin, Erythromycin, 

Co-trimoxazole, Cefuroxime and Ceftiazone.  

 

DISCUSSION 

 

The review paints a gruesome picture for 

Kenya in as far as antimicrobial resistance is 

concerned. It indicates presence of 

antimicrobial resistance to many antibiotics in 

bacteria isolated from both animals and 

environment in Kenya; the resistance being 

mostly towards antimicrobials that are 

commonly used such as Tetracycline, 

Ampicillin, and Sulphonamides. The 

resistance pattern is similar to what has been 

recorded for human bacterial isolates in Kenya 

[28,29].     

Antimicrobials commonly-used in animals for 

prophylaxis and as growth promoters, 

Tetracycline and Co-trimoxazole [10], are also 

commonly used to treat opportunistic 

infections in humans suffering from HIV-
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AIDS, which is rampant in Kenya [30]. 

Detection of bacteria that are resistant to these 

antimicrobials is, therefore, not surprising. 

Resistance, particularly to the commonly 

available antimicrobials, poses a major health 

concern, as alternative therapeutic choices are 

either unavailable or too expensive for most 

patients. For animals, a lot has been 

documented on management and 

antimicrobial use on Kenyan cattle, sheep, 

goats, pigs and chicken [31,32,33]. The little 

documentation on cultured fish and camels 

shows that use of antimicrobials on these 

animals is increasing, due to increased 

attention to blue economy and camel health in 

Kenya. Notice needs to be given to roles of rats 

and dogs in dissemination of antimicrobial-

resistant bacteria since they are found 

everywhere where humans and animals are. 

This overuse of antimicrobials in animals, 

coupled with increased use in humans [28,29], 

and ease of acquiring the antimicrobials over 

the counter [34] has contributed to emergence 

of antimicrobial resistance experienced in 

Kenya today.  

Multi-drug resistances have been reported in 

Kenya – up to 10 antimicrobials - in the current 

review, and in other studies [28,29]. It is 

important to note that, in a bacterium, the 

resistance  traits  may be on one plasmid, hence 

transferred as a block.    

This review highlights the fact that 

antimicrobial-resistant bacteria are common in 

all types of Kenyan animals and environment. 

There is, therefore, a danger that they can be 

transferred to humans and complicate 

treatment of respective human bacterial 

diseases. The information is expected to 

augment the AMR baseline data already 

collected for Kenya. 
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