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Abstract 
Introduction: In the last two decades, the treatment of enteric infections has 
been complicated by the emergence of antimicrobial resistant strains. Occur-
rence of multidrug resistant Extended Spectrum Beta Lactamase (ESBL) pro-
ducing Enterobactaeraceae poses the greatest risk to public health by raising 
morbidity and mortality by six folds in developing countries. The present 
study aims to determine the antibiotics resistance patterns of selected Ente-
robacteriaceae isolated from commercial poultry production systems in Kiam-
bu County. Methods: A laboratory based cross-sectional study was conducted 
in six purposively selected Sub-Counties of Kiambu County from October 
2020, to February 2021. A total of 437 fecal samples were collected from each 
household. The antibiotic susceptibility testing using disk diffusion method 
was used against E. coli; Salmonella spps.; Shigella spps.; and Klebsiella spps. 
which were isolated and identified through standard biochemical. Results: 
Out of 437 fecal and stool samples collected, 591 isolates were recovered with 
E. coli (48.9%) being the most frequently identified, followed by Shigella spps. 
(18.8%), Salmonella spps. (18.3%), and Klebsiella spps. (14.0%). The study 
shows there was high prevalence of multiple resistance among isolates espe-
cially to Sulfamethoxazole (79%), Trimethoprim (71%), and Tetracyclines 
(59%), correspondingly. Additionally, the isolates showed the highest rate of 
susceptibility against Cefuroxime (94%), Gentamicin (93%), Ceftriaxone (91%), 
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Cefepime (89%), Cefotaxime (85%), Ceftazidime (84%), and Chlorampheni-
col (77%), respectively. Discussion: Our study indicates that both fecal and 
stool materials from commercial poultry and humans can be reservoir of 
multi-drug resistance enteric’s which can be a potential route of transmission 
of resistance genes, which pose a great risk to public health of Kiambu Resi-
dence. 
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Antimicrobial Resistance, Enterobacteraceae, AST, Commercial Poultry  
Production, Multi-Drug Resistance 

 

1. Introduction 

In the last two decades, the treatment of enteric disease in humans and poultry 
has been complicated by the emergence of antimicrobial resistant pathogens. 
Emerging antimicrobial resistant extended spectrum beta Lactamase (ESBL) 
producing Enterobacteriaceae is a serious threat to public health [1]. The rapid 
increase in the prevalence of ESBL producing Gram-negative pathogens that are 
resistant to fluoroquinolones, aminoglycosides, β-lactams and colistin has been 
rarely reported [2] [3] [4]. Other resistance mechanisms against beta-lactams are 
the outer membrane permeability change and efflux pumps. The over and mis-use 
of antimicrobials agents in livestock lead to development of resistance and sub-
sequent transfer of resistance genes among bacteria to animals, animal products 
and the environment [5] [6] [7]. On the other hand, judicious use of antimi-
crobial agents is required, but acceptable strategies to achieve this goal and to 
address the challenges must be devised and communicated [8]. Antimicrobial 
resistance is a stark reality across the globe, including Kenya. The challenges as-
sociated with controlling antibiotic resistance, particularly in Kenya, are multi-
faceted. 

Commercial poultry industry is well developed and it is the largest supplier of 
animal protein in form of meat and eggs worldwide. Poultry is relatively cheap 
and is kept in small areas basically providing income and protein to the families 
[9] [10]. However, poultry diseases are some of the limiting factors to this in-
dustry. The increased poultry disease burden has accentuated the high demand 
and the use of veterinary antimicrobial drugs [11]. 

Majority of Kenyans depend on poultry products for livelihood and survival, 
therefore low production levels affect their income levels. This affects their con-
tribution to the country’s GDP and global economic development, halting the 
achievement of the Medium term plan 111 as set by the government on sustain-
able development through agriculture. In Kenya, poultry production is one of 
the fastest means of ameliorating the animal protein deficiency. The high turn-over 
rate and the quest for white meat have given more credence to poultry farming. 
The need to meet the demand for white meat has necessitated the large scale 
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production and subsequent use of antimicrobial agents as growth promoters. 
Presence of drugs or antimicrobial residues in food is recognized worldwide by 
various public health authorities as being illegal [12], and their consumption 
could result in public health hazards including: development of resistant strains 
of microorganisms, respiratory infections, cancer, carcinogenicity, hypersensi-
tive reaction in sensitized individuals [13], and distortion of intestinal microflora 
[14] [15] [16], and (European Centre for Disease Prevention and Control (ECDC), 
[17]. 

The looming antibiotic-resistance crisis has penetrated the consciousness of 
clinicians, researchers, policymakers, politicians and the public at large. The 
evolution and widespread distribution of ESBL producing bacterial pathogens 
have made diseases that were once easily treatable deadly again. Unfortunately, 
accompanying the rise in global resistance is a failure in antibacterial drug dis-
covery. Lessons from the history of antibiotic discovery and fresh understand-
ing of antibiotic action and the cell biology of microorganisms have the poten-
tial to deliver twenty-first century medicines that are able to control infection in 
the resistance era [18]. The usage of antimicrobial drugs in poultry production 
is very important in disease treatment, prevention and growth promoting but 
its use must be accepted as a responsibility rather than a right when trying to 
improve poultry health [5]. This will help to minimize the potential risk and 
hazards due to poor drug use of antimicrobial agents in livestock production. 
Therefore, use of veterinary antibiotic drugs in poultry systems needs proper 
control through legislation bodies with broad goal to preserve animal health, 
improve animal production and protect the public [19]. Therefore, the study 
aims to determine the antimicrobial resistance patterns of selected Enterobacte-
riaceae isolated from commercial poultry production systems and humans in 
Kiambu County, Kenya. 

2. Materials and Methods 
2.1. Study Area 

Kiambu County covers an area of 13,191 km2 and is located to north of Nairobi 
and west of Mt. Kenya and it’s estimated to have 4,383,743 inhabitants according 
to 2009 population census. The high population growth in this area, favors 
commercial poultry production more than other types of livestock production. 
This is because Kiambu is a predominantly an intensive small holder production 
region, it pattern and extend of antimicrobial use significantly differs from other 
regions of Kenya. According to the report by Nyaga [20], Kiambu County also 
has got 5351 (broiler farmers) and 1185 (layer farmers) who are for commercial 
purposes and 12,633 for dual purpose activity. 

2.2. Study Population 

The current study targeted farmers practicing Commercial poultry production 
systems in Kiambu County and therefore keeping Broiler, layers and Improved 
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Kienyeji birds for business.  

2.3. Study Design 

A laboratory based cross-sectional study was carried out from November 2020, 
to February 2021 in six purposively selected sub-counties namely; Juja, Ruiru, 
Thika, Gatundu South, Gatundu north and Kikuyu in Kiambu County, Kenya. 
Four hundred and Thirty seven (437) cloacal swabs (Broiler, layers and Im-
proved Kienyeji) and stool samples from the farmers were collected and submit-
ted to the Centre for Microbiology Research—KEMRI for analysis. From this 
samples 591 isolates of target enterobacteriaceae (E. coli; Salmonell spps.; Shi-
gella spps. and Klebsiella spps.) were identified. 

2.4. Sample Size Estimation 

The sample size was calculated according to [21]. Using this formula, the sample 
size calculated was estimated to be 400 fecal samples at CI of 95%. The fecal sam-
ples were distributed among farmers and chicken (layers; broilers; improved 
Kienyeji).  

( )2

2

1t p p
n

m
∗ −

=  

where; P = estimated prevalence, M = Margin of errors (Standard deviation of 
0.05), T = Confidence level at 95% (Standard deviations of 1.96). n = required 
sample size. n ≈ 400 approximated fecal samples. This fecal samples were distri-
buted among Farmers and poultry (broiler; layers; Kienyeji). 

2.5. Sample Collection 

Four hundred and thirty seven (n = 437) fecal and stool samples were collected 
from the six purposively selected representative sub-counties in Kiambu County. 
Approximately 5 g of fresh fecal samples was aseptically collected from Humans 
(n = 72), and chicken cloacal swabs (n = 365) was collected for this study from 
the various farms on healthy birds that was first to come out of the animal 
house. Each fecal and cloacal swabs was placed in Amies and SF transport me-
dia, stored in cool box and transported to the Centre of Microbiology Research 
(CMR)-KEMRI, within 6 hours. Upon arrival to the lab the samples were incu-
bated at 37˚C overnight for 18 to 24 hours. Thereafter removal from the incuba-
tor the plates were labelled as the MAC and XLD/SS respectively. The incubated 
Amies and Selenite F (SF) samples were mixed uniformly. A sterile wire loop 
was used to pick a loopful mixture separately from both Amies and SF with 
streaking on MAC and SS agar differential culture plates to form distinct colo-
nies. The plates were incubated at 37˚C overnight for 18 to 24 hours, followed by 
reading to identify the enteric’s of interest (E. coli, Klebsiella Pneumonia spps., 
Salmonella spps. and Shigella spps.) using morphological characteristics. The 
morphologically identified isolates were stocked in tryptic soy broth and kept in 
−20˚C refrigerator awaiting for biochemical identification, antibiotic susceptibil-
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ity testing (AST) and molecular genotyping. 

2.6. Biochemical Identification of the Isolates 

Pure colonies were selected and sub-cultured on nutrient agar slant and were 
further processed for biochemical tests. Well-known traditional biochemical tests 
and selective media for bacteria identification were employed [22]. The isolates 
were identified using MacConkey broth (Sigma-Aldrich), and Simmons citrate 
agar (Sigma_Aldrich), catalase, sugar fermentation (Triple sugar iron (TSI) 
agar), indole, citrate utilization, urease production, and motility tests. The iden-
tified bacterial species were kept in a 20% glycerol/medium mixture at −80˚C at 
the Molecular and microbiology laboratory of Centre for Microbiology Resear- 
ch—KEMRI. 

2.7. Bacterial Isolation 

A total of 591 isolates of Escherichia coli (n = 289); Klebseilla pneumonia (n = 
83); Salmonella spps. (n = 108) and Shigella spps. (n = 111) were isolated from 
stool and fecal obtained from farmers practicing commercial poultry production 
in Kiambu County—Kenya from November, 2020 to February, 2021. All the 
isolates were collected under approved ethical standards as per Clinical and La-
boratory standard institute guidelines [23]. The isolates were identified and veri-
fied using standard biochemical reactions including: growth on MacConkey 
agar, citrate utilization, Voges Proskauer, methyl Red, and motility tests as per 
Amira Mohamed EL-Ganiny et al. [24]; Koneman et al. [25]. 

2.8. Antibiotic Susceptibility Tests 

The antibiotic resistance pattern of isolates form E. coli; Shigella spps.; Salmo-
nella spps. and Klebsiella spps. was determined using the disk diffusion method 
on Muller-Hinton agar according to the Clinical and Laboratory Standard Insti-
tute guidelines [23] [26]. The antibiotic discs were obtained from Oxiod (USA). 
Thirteen antibiotics were tested and distributed among plate A and B. Plate A 
had the following: Amoxacillin-Clavullanic acid (AMC, 10 µg); Ampicillin 
(AMP, 10 µg); Ceftriaxone (CRO); Cefiximine (CFM); Cefotaxime (CTX); Cefe-
pime (FEP); Ceftazidime-Cefodoxime (CAZ/CPD) and plate B had the follow-
ing: Ciprofloxacin (CIP, 5 µg); Trimethoprim (TMP); Gentamicin (GEN, 10 µg); 
Tetracycline (TET, 100 µg); Sulfamethoxazole (SMX, 200 µg); Chloramphenicol 
(CHL, 30 µg); Ceftazidime (CAZ). The dried Mueller Hinton agar plate was 
plated with the isolated microbes. The correct antimicrobial impregnated disks 
were placed on the surface of the agar using sterilized forceps and incubated at 
35˚C overnight. The antibiotic inhibition zones were measured to the nearest 
millimeter (mm) from the center of the disk to a point on the circumference of 
the zone where a distinct edge was seen using a rule. For all isolates the zones of 
inhibition were determined and interpreted as per breakpoints. Phenotypic de-
tection of ESBLs production was detected by a double-disk synergy test (DDST). 
Enhancement of the inhibition zone between the disks containing Amoxacil-

https://doi.org/10.4236/pp.2021.1210019


J. G. Ndukui et al. 
 

 

DOI: 10.4236/pp.2021.1210019 224 Pharmacology & Pharmacy 
 

lin-Clavullanic acid (AMC) and Cefotaxime or Ceftazidime indicated presence 
of ESBL production. 

2.9. Quality Controls 

The quality control was run using E. coli ATCC25922 and K. Pneumoniae AT- 
CC700603. The cultures were classified was sensitive, intermediate and resis-
tance on the basis of diameter of zones of inhibition. Isolates resistant to three or 
more antimicrobial were considered Multi-resistance [27]. 

2.10. Data Analysis and Presentation 

The inhibition zone diameter were measured by use of divider and a ruler, and 
the mean, and standard errors of three replicates calculated, analyzed and keyed 
into EPICOLLECT with results presented in form of tables and graphs 

3. Results 

Table 1 presents results of total selected isolates of enterobacteriaceae recovered 
from commercial poultry and humans in Kiambu County. Out of 437 fecal and 
stool samples collected 591 isolates recovered E. coli (48.9%) were the most fre-
quently identified, while seconded by Shigella spps. (18.8%), Salmonella spps. 
with least number being Klebsiella spps. (14.0%) as shown in Table 1 below. 

Table 2 presents results of antibiotics resistance profiles of 591 Enterobacte-
riaceae isolates against to 13 antibiotics. The results indicate that there is mul-
ti-drug resistance across the various classes of antibiotics used among the four 
selected enterobacteriaceae. In general, the antibiotics susceptibility profiles of 
the selected Enterobacteriaceae species showed the highest rate of susceptibility 
against Cefuroxime (94%), Gentamicin (93%), Ceftriaxone (91%), Cefepime (89%), 
Cefotaxime (85%), Ceftazidime (84%), Chloramphenicol (77%), followed by Amox-
icillin/Clavulanic acid and Ciprofloxacin (56%) with least susceptibility identified in 
Ampicillin (46%); Trimethoprim and Tetracycline (28%) and sulfamethoxazole 
(17%). The isolates were most resistance to Sulfamethoxazole (79%), Trimetho-
prim (71%), Tetracyclines (59%), Ampicillin (49%) and Amoxicillin/Clavunallic 
acid (39%) respectively as shown in Table 2 below. 

 
Table 1. Selected species of enterobacteriaceae isolated from commercial poultry produc-
tion systems and Humans in Kiambu County. 

Bacteria species 
Bacteria isolated 

Number % 

E. coli 289 48.9 

Klebsiella spps. 83 14.0 

Salmonella spps. 108 18.3 

Shigella spps. 111 18.8 

Total 591 100 
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Table 2. Antimicrobial resistance profiles of 13 antibiotics agents tested against to the 
four selected Enterobacteriaceae of interest. 

Organisms Antibiotic name Number %R %I %S %R 95% C.I. 

All organisms Ampicillin 591 49 5 46 45.1 - 53.3 

All organisms Amoxicillin/Clavulanic acid 591 39 4 56 35.5 - 43.5 

All organisms Cefuroxime 591 3 2 94 2.0 - 5.1 

All organisms Ceftazidime 591 5 10 84 3.8 - 7.6 

All organisms Ceftriaxone 591 4 5 91 2.8 - 6.3 

All organisms Cefotaxime 591 7 8 85 4.9 - 9.2 

All organisms Cefepime 591 3 7 89 2.1 - 5.3 

All organisms Gentamicin 590 4 2 93 3.0 - 6.5 

All organisms Ciprofloxacin 590 17 27 56 13.7 - 19.9 

All organisms Sulfamethoxazole 589 79 4 17 75.0 - 81.8 

All organisms Trimethoprim 590 71 1 28 67.5 - 74.9 

All organisms Chloramphenicol 591 15 8 77 12.2 - 18.1 

All organisms Tetracycline 591 59 13 28 55.1 - 63.2 

Key: %—p; R—resistance; I—intermediate; S—susceptibility; CI—confidence interval. 
 

Table 3 presents the results of antimicrobial resistance profile of the 591 bac-
terial isolates tested against 13 antibiotics. Most the isolates were resistance to 
sulfamethoxazole (SMX), Trimethoprim (TMP), Tetracycline’s (TCY) and Am-
picillin (AMP) as show in Table 3 below.  

Figure 1 presents percent distribution of resistance to the 13 tested antibiotics 
against the isolates. The figure indicates majority of the isolates we susceptible to 
Ceftazidime and Cefotaxime. However, most of isolates were resistance to Sul-
famethoxazole, Trimethoprim, Tetracycline’s and Ampicillin respectively. 

Figure 2 presents the results of % resistance by E. coli to the 13 tested antibio-
tics. Majority of the E. coli isolates were resistance to Sulfamethoxazole, Trime-
thoprim, Tetracycline, Ampicillin and Amoxi-Clavunalic acid, consecutively as 
displayed in Figure 2 below. 

Figure 3 presents the results of % resistance Klebsiella spps. to the 13 tested 
antibiotics. Majority of the Klebsiella spps. isolates were resistance to Sulfame-
thoxazole, Trimethoprim, Tetracycline, and Ampicillin consecutively as displayed 
in Figure 3 below. 

Figure 4 presents the results of % resistance Salmonella spps. to the 13 tested 
antibiotics. Majority of the Salmonella spps. were resistance to Tetracycline, Sul-
famethoxazole, Trimethoprim, and Ampicillin Respectively as displayed in Fig-
ure 4 below. 

Figure 5 presents the results of % resistance Shigella spps. to the 13 tested an-
tibiotics. Majority of the Shigella spps. were resistance to Amoxi-Clavunallic acid 
(AMC), Sulfamethoxazole (SMX), Trimethoprim (TMP), Ampicillin (AMP) and 
Tetracycline (TCY) respectively as displayed in Figure 5 below. 
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Table 3. Antimicrobial resistance in various bacterial isolates (n = 591). 

Antimicrobial agent 
Escherichia coli 

(n = 289) 
Klebsiella sp. 

(n = 83 
Salmonella sp. 

(n = 108 
Shigella sp. 
(n = 111) 

AMC %R 45 2 7 84 

AMP %R 48 60 39 55 

CAZ %R 4 6 6 8 

CHL %R 15 11 24 10 

CIP %R 20 11 16 13 

CRO %R 5 6 2 5 

CTX %R 7 4 7 7 

CXM %R 3 4 1 5 

FEP %R 2 5 3 5 

GEN %R 4 5 6 4 

SMX %R 82 72 77 77 

TCY %R 56 58 82 48 

TMP %R 78 60 67 68 

Key: R—Resistance; %—Percentage; n—sample size; AMC—Amoxi-Clavunallic; AMP—Ampicillin, CAZ—Ceftazidime; CHL—Chloramphenicol; CIP— 
Ciprofloxacin; CRO—Ceftriaxone; CTX—Cefotaxime; CXM—Cefuroxime; FEP—Cefepime; GEN—Gentamicin; SMX—sulfamethoxazole; TCY—Tetracycline; 
TMP—Trimethoprim. 
 

 
Figure 1. It presents percent distribution of resistance to the 13 tested antibiotics against 
the isolates. 

 

 

Figure 2. It presents the results of % resistance by E. coli to the 13 tested antibiotics. 
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Figure 3. It presents the results of % resistance Klebsiella spps. to the 13 tested antibiotics. 
 

 

Figure 4. It presents the results of % resistance Salmonella spps. to the 13 tested antibiotics. 
 

 

Figure 5. It presents the results of % resistance Shigella spps. to the 13 tested antibiotics. 

 
Table 4 presents the results of the distribution of the isolates according to the 

species, source of the sample and their antibiotic resistance profiles. From the 
results we found that majority of the isolates across the four species of interest 
were from Layers and Improved Kienyeji birds. Furthermore, majority of the E. 
coli (n = 125) isolates were from layer birds followed by Improved Kienyeji (n = 
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92), Broiler birds (n = 55) and Broiler farmer (n = 17), respectively. We further, 
noted that most of Klebsiella spps. isolates emanated from Improved Kienyeji (n 
= 27), Broiler birds (n = 23), layer birds (n = 22) and Broiler farmer (n = 11), 
consecutively. For the Salmonella spps. majority of the isolates were from Layer 
birds (n = 45), followed by Improved Kienyeji (n = 31), Broiler birds (n = 26 and 
Broiler farmer (n = 6). For the Shigella spps. isolates most were from layers (n = 
39) and Improved Kienyeji (n = 31) birds, with broiler bird having (n = 24) and 
Broiler farmer (n = 13), respectively. Majority of the E. coli, Salmonella spps., 
Klebsiella spps. and Shigella spps. Isolates were resistance to Sulfamethoxazole, 
Trimethoprim, Tetracycline’s, and Ampicillin respectively. Both E. coli, and 
Shigella spps. also displayed great resistance to Amoxi-Clavunallic acid as shown 
in Table 4 below. 

Table 5 presents the results of the distribution of the isolates according to the 
species, region of the sample collection and their antibiotic resistance profiles. 
The results indicates that most of the E. coli spps. came from Gatundu South (n 
= 60), Juja (n = 51), followed by Thika and Gatundu north (n = 48), respectively. 
We also noted that most of the Shigella spps. came from Juja (n = 41), with Sal-
monella spps. coming from Ruiru (n = 19). Majority of the Klebsiella spps. were 
isolated from Ruiru (n = 19), and Thika (n = 16), accordingly. We found that  
 

Table 4. Antimicrobial resistance of bacterial isolates from the various sample types (n = 491). 

Organism 
Local specimen  

code 
Number of 

isolates 
AMC  
%R 

AMP  
%R 

CAZ  
%R 

CHL  
%R 

CIP  
%R 

CRO  
%R 

CTX  
%R 

CXM  
%R 

FEP  
%R 

GEN  
%R 

SMX  
%R 

TCY  
%R 

TMP  
%R 

Escherichia coli 

Broiler 55 29 56 6 15 29 7 7 6 4 2 87 56 80 

Broiler farmer 17 59 53 12 18 18 12 12 12 6 6 94 41 88 

Improved Kienyeji 92 39 49 5 15 19 5 8 2 3 5 84 59 82 

Layers 125 55 42 2 14 18 2 6 2 1 4 77 55 72 

Klebsiella sp. 

Broiler 23 9 70 13 22 26 9 9 13 17 13 87 61 78 

Broiler farmer 11 0 64 9 0 0 18 0 0 0 9 36 46 36 

Improved Kienyeji 27 0 52 4 11 4 4 4 0 0 0 67 63 56 

Layers 22 0 59 0 5 9 0 0 0 0 0 82 55 59 

Salmonella sp. 

Broiler 26 0 46 4 23 8 0 8 4 4 4 72 81 73 

Broiler farmer 6 0 50 17 17 17 0 0 0 0 0 50 50 50 

Improved Kienyeji 31 10 39 7 36 19 3 10 0 3 3 87 87 68 

Layers 45 9 33 4 18 18 2 7 0 2 9 76 82 64 

Shigella sp. 

Broiler 24 92 58 13 17 29 13 8 4 4 0 83 54 79 

Broiler farmer 13 85 46 15 15 8 8 15 15 15 8 69 31 62 

Improved Kienyeji 35 77 57 9 3 11 3 9 9 6 3 86 54 69 

Layers 39 85 54 3 10 5 0 3 0 3 5 67 44 62 

Key: R—Resistance; %—Percentage; n—sample size; AMC—Amoxi-Clavunallic; AMP—Ampicillin, CAZ—Ceftazidime; CHL—Chloramphenicol; CIP— 
Ciprofloxacin; CRO—Ceftriaxone; CTX—Cefotaxime; CXM—Cefuroxime; FEP—Cefepime; GEN—Gentamicin; SMX—sulfamethoxazole; TCY—Tetracycline; 
TMP—Trimethoprim. 
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Table 5. Antimicrobial resistance profiles of bacteria isolates tested against antimicrobial agents as per Sub-counties in which 
isolates were collected. 

Organism Location 
Number of 

isolates 
AMC 
%R 

AMP 
%R 

CAZ 
%R 

CHL 
%R 

CIP  
%R 

CRO 
%R 

CTX 
%R 

CXM 
%R 

FEP  
%R 

GEN 
%R 

SMX 
%R 

TCY 
%R 

TMP 
%R 

E. coli 

Gatundu North 48 71 42 2 17 25 4 13 2 2 6 75 67 75 

Gatundu south 60 63 47 3 12 15 2 5 2 3 7 80 53 75 

Juja 51 12 47 10 16 16 12 12 8 6 4 75 35 67 

Kikuyu 39 49 59 3 23 18 3 5 3 0 0 90 51 84 

Ruiru 43 9 49 2 14 28 5 2 2 2 2 95 58 86 

Thika 48 63 46 4 8 21 2 6 2 0 4 81 71 83 

Kleb. sp. 

Gatundu North 9 0 56 0 0 0 0 0 0 0 0 78 78 89 

Gatundu south 11 0 100 18 18 18 18 9 9 9 18 82 82 82 

Juja 14 14 57 14 0 14 14 7 14 14 0 57 36 43 

Kikuyu 14 0 43 0 36 7 7 0 0 0 0 86 64 50 

Ruiru 19 0 53 5 5 16 0 0 0 5 11 53 37 47 

Thika 16 0 63 0 6 6 0 6 0 0 0 88 69 69 

Salmonella sp. 

Gatundu North 10 10 30 10 20 30 0 0 0 0 0 70 90 70 

Gatundu south 22 18 55 0 14 9 0 5 0 0 14 82 68 82 

Juja 19 0 26 5 26 32 0 5 5 5 0 74 90 63 

Kikuyu 26 4 35 4 27 15 0 15 0 4 4 73 77 54 

Ruiru 7 0 71 0 29 14 0 0 0 0 14 100 100 86 

Thika 24 4 33 13 29 4 8 8 0 4 4 75 83 63 

Shigella sp. 

Gatundu North 5 100 20 0 40 0 0 0 0 0 0 80 60 80 

Gatundu south 12 83 50 8 8 17 0 8 8 8 17 75 50 67 

Juja 41 95 56 15 7 22 10 10 5 7 0 78 49 76 

Kikuyu 16 94 25 0 13 0 6 6 13 6 0 69 25 38 

Ruiru 23 61 91 0 4 9 0 0 0 0 4 96 70 91 

Thika 14 71 43 14 14 7 0 14 7 7 7 50 29 36 

Key: R—Resistance; %—Percentage; n—sample size; AMC—Amoxi-Clavunallic; AMP—Ampicillin, CAZ—Ceftazidime; CHL—Chloramphenicol; CIP— 
Ciprofloxacin; CRO—Ceftriaxone; CTX—Cefotaxime; CXM—Cefuroxime; FEP—Cefepime; GEN—Gentamicin; SMX—sulfamethoxazole; TCY—Tetracycline; 
TMP—Trimethoprim. 
 

Klebsiella spps. from Gatundu South were 100% resistance to Ampicillin as per 
Shigella spps. which had also 100% resistance to Amoxi-Clavunallic acid. Most 
of the isolates irrespective to area of origin had high resistance to Sulfame-
thoxazole, Trimethoprim and Tetracycline’s, and Ampicillin respectively. Kleb-
siella spps., Shigella spps., and Salmonella spps. from Gatundu North were all 
to Ceftriaxone (CRO), Cefotaxime (CTX), Gentamicin (GEN), Cefuroxime 
(CXM), and Cefepime (FEP), consecutively. We also noted that Klebsiella 
spps., Shigella spps., and Salmonella spps. from Ruiru we all susceptible to 
Ceftriaxone (CRO), Cefotaxime (CTX), and Cefuroxime (CXM) respectively as 
indicated in Table 5. 
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4. Discussion 

Ever since the discovery of antimicrobial/antibiotics agents over eight decades 
ago, antibiotics have saved countless lives from infectious diseases and trans-
formed modern medical procedures, including surgery, organ transplant and 
cancer treatment. However, over the years, the slow but steady spread of antibio-
tics resistance—whereby bacteria turn antibiotics ineffective—threatens to undo 
these important gains and take the world back to a pre-antibiotic era. While a 
significant role in the spread of such resistance has been played by the growing 
use of antibiotics in the human health sector, in recent years there has been rec-
ognition of the problems arising from even greater use of these miracle drugs in 
food-animal production. The emergence of antimicrobial-resistant bacterial pa-
thogens has become a major public health concern. The use of antimicrobials in 
any venue, including disease treatment and growth promotion in domestic li-
vestock, can potentially lead to widespread dissemination of antimicrobial-resistant 
bacteria [28].  

The occurrence of multi-antimicrobial resistant Enterobacteriaceae poses a 
serious threat to the healthcare and Livestock Production system in Kenya as 
these organisms can spread from the environment to the hospital setting leading 
to nosocomial infections. In current study we determined the antimicrobial re-
sistance patterns of selected enterobacteriaceae isolated from commercial poul-
try production systems and humans in Kiambu County, Kenya and their extent 
of distribution among the representative sub-counties. 

Overall in the study found that majority of the isolates were E. coli (48.9 %), 
followed by Shigella spps. (18.8%), consequently. This agrees with the study by 
Buxton and Frazer [29], and Bebora [30], that E. coli is the most common bacte-
ria in animal and human fecal samples. This is further supported by a study that 
was carried by Njagi [31], who found E. coli prevalence of 40.2%. In this study 
we demonstrates that there is high occurrence of single and multi-drug resis-
tance (MDR) among the 13 antibiotics tested across the four enteric’s. This re-
sistance was highest among, Sulfamethoxazole (79%), Trimethoprim (71%), Te-
tracyclines (59%), Ampicillin (49%) and Amoxicillin/Clavunallic acid (39%). 
This agrees with a study carried by Deng [32], and Nyabudi et al. [33], who 
found this antibiotics to be most commonly used in poultry production and to 
have developed resistance. Similarly, this has been demonstrated by other re-
search such as: Allorechtova et al. [34]; Gakuya et al. [35]; Ombui et al. [36]. 
This call for joint effort for fight against MDR and X-DR by advocating prudent 
use of antimicrobial agent in animal production. However, the four enteric’s 
were also highly susceptible to the following antibiotic; Cefuroxime (94%), Gen-
tamicin (93%), Ceftriaxone (91%), Cefepime (89%), Cefotaxime (85%), Ceftazi-
dime (84%), Chloramphenicol (77%), followed by Amoxicillin/Clavulanic acid 
and Ciprofloxacin (56%) respectively. 

In addition, it was found that both E. coli, and Shigella spps. isolates displayed 
a great resistance to Amoxi-Clavunallic acid as shown in Table 4. The results 
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also indicates that most of the E. coli spps. came from Gatundu South, Juja fol-
lowed by Thika and Gatundu north, respectively. We also noted that most of the 
Shigella spps. came from Juja, with Salmonella spps. coming from Ruiru. Major-
ity of the Klebsiella spps. were isolated from Ruiru and Thika accordingly. We 
found that Klebsiella spps. from Gatundu South were 100% resistance to Ampi-
cillin as per Shigella spps. which had also 100% resistance to Amoxi-Clavunallic 
acid. Most of the isolates irrespective to area of origin had high resistance to 
Sulfamethoxazole, Trimethoprim and Tetracycline’s, and Ampicillin respective-
ly. These indicates that the bacteria could have been exposed to these antibiotics 
previously hence acting as a selective force for resistance. High resistance rea-
lized to tetracycline is in line with earlier studies carried by Ansari and Khar-
toon; Kariuki et al., [37] [38] who reported that tetracycline is one of the broad 
spectrum antibiotics that are available in feed supplements and its improper use 
led to the development of antibiotic resistance. This could be attributed to either 
the misuse of drugs in therapeutic treatment, sub therapeutic preventive meas-
ure as feed additives to promote growth or use of disinfectants [39]. Several re-
ports by Al-Bahry et al. [40], have indicated that multiple resistances were more 
common than resistance to a single antibiotic. It is possible that genes responsi-
ble for these multiple resistances are carried on the same plasmid. For example, 
in gram negative organisms, resistance is frequently regulated by genes that are 
normally associated with large plasmids which are conjugative. These plasmids 
often carry antibiotic resistance gene, heavy metals resistance genes and/or other 
pathogenic factors such as toxins, hence the selection for any of these factors se-
lects for the plasmid which contain them as reported by Tricia et al. [41]. High, 
medium and low molecular weight plasmids were recovered during the study. 

It was further noted that Klebsiella spps., Shigella spps., and Salmonella spps. 
from Gatundu North were all resistance to Ceftriaxone (CRO), Cefotaxime (CTX), 
Gentamicin (GEN), Cefuroxime (CXM), and Cefepime (FEP), consecutively. This 
agrees with a study carried by Zahraei and Farashi [42] who found an associa-
tion between emergency of flouroquinolones resistance zoonotic pathogens with 
subsequent use of approved veterinary Antimicrobial agents in livestock produc-
tion. This indicates there is irrational use of this antibiotics in poultry produc-
tion systems in Kenya. According to Amy et al. [43], they found that overuse and 
misuse of antibiotics in poultry production systems would lead to a growing 
concern on it contribution to high resistance to antibiotics by pathogenic bacte-
ria. This can act as a possible source of resistant genes which can be transferred 
to human pathogens via conjugation. We also noted that Klebsiella spps., Shi-
gella spps., and Salmonella spps. from Ruiru we all susceptible to Ceftriaxone 
(CRO), Cefotaxime (CTX), and Cefuroxime (CXM) respectively as indicated in 
Table 5. 

From the results it was found that majority of the isolates across the four en-
teric species of interest were from Layers and Improved Kienyeji birds. We fur-
ther found that majority of the E. coli isolates were from layer birds followed by 
Improved Kienyeji, Broiler birds and Broiler farmer respectively. This is because 
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most of the farmers in this areas preferred keeping layers birds for eggs and for 
improved Kienyeji to supply both meat and eggs. Also majority of the farmers 
were hesitant and did not consent to provide a stool samples for culturing. We 
further, noted that most of Klebsiella spps. isolates emanated from Improved 
Kienyeji, and Broiler birds. For the Salmonella spps. majority of the isolates were 
from Layer birds and Improved Kienyeji. For the Shigella spps. isolates most 
were from layers) and Improved Kienyeji birds. This Enterobacteriaceae cause 
infection in the bloodstream, surgical sites, urinary tract infections (UTIs), and 
respiratory tract infections and also cause frequent infections in diseases such as 
cancer and diabetes. The readily and easily spread of MDR Enterobacteriaceae 
from contaminated animal food sources and contact surfaces makes it a public 
health concern as indicated by McEwen and Fedorka Cray [44]. 

Therefore, the current study vindicate the need for Continuous surveillance of 
antimicrobial resistance by Enterobacteriaceae spps. in order to estimate the 
frequency of infection, the risk of infection, cost and possible treatment options 
available for these multidrug resistant pathogens. In addition, it is imperative to 
ascertain the sources and the routes of contaminations coined to the patterns of 
spread of this drug-resistant Enterobacteriaceae in Kenya for a suitable under-
standing of the dynamics involved and measures to prevent outbreaks in the 
community.  

5. Conclusion 

The current study indicates the importance of understanding the mechanisms 
underlying antibiotics drugs resistance in Enterobacteriaceae isolated from com-
mercial poultry production systems and Human from fecal materials to help 
gain insights into the pattern of the spread of these drug-resistant strains and the 
best treatment options to use in treatment of infections. 

Study Limitations 

• Most of the farmers were hesitant to give human fecal sample hence the low 
number compared to cloacal swabs. 

• Due to COVID-19 restriction of movements some of homes were not access-
ible for sample collection. 

• We only did 13 antibiotic, and mostly targeted beta-Lactams, hence not all 
classes like aminoglycosides were included in the study. 
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