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ABSTRACT 

 

Objectives: To determine the biosafety of a free range indigenous chicken value 

chain with reference to zoonotic bacteria, Campylobacter spp and Escherichia coli 

0157: H7 

Design: cross-sectional sampling of chickens and chicken meat carcasses at farm 

and market level   

Setting: Makueni and Nairobi Counties  

Subjects: Cloacal swabs were collected, 280 in farms and 390 in live bird market.  

Forty dressed carcasses were obtained from the market’s slaughter facility and   

rinse- wash fluid prepared from each carcass.  Cloacal swabs and rinse-wash fluid 

samples were cultured in selective media to isolate the specific organism. 

Campylobacter spp was confirmed at genus level by biochemical tests and PCR 

analysis for 16S rRNA gene, and at species level by multiplex PCR. Escherichia coli 

O157:H7 was confirmed by biochemical and serological tests. 

Results: The prevalence of Campylobacter spp in farm, live bird and in dressed 

carcasses was 50.87%, 9.49% and 27.5% respectively. C. jejuni and C. coli had a 

prevalence of 36.78% and 6.42%; 3.85% and 0.77%; and 7.5% and 0% at the three 

value chain levels respectively. E. coli O157:H7 had a prevalence of 1.42%, 5.92% 

and 11.42 % in the three levels respectively.  

Conclusion: Free-range chicken value chain may carry zoonotic organisms such as 

Campylobacter spp and E.coli 0157:H7. There is need therefore to sensitise 

consumers in proper handling and cooking of meat carcasses to minimize threat to 

human health 
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INTRODUCTION 

 

Worldwide, poultry and poultry products 

have been identified as a source of food 

borne diseases (1, 2). Poultry meat is 

believed to be the main source of 

Campylobacter spp infections which cause 

human gastro-enteritis more frequently than 

other enteric pathogens in   developed 

countries (3).  The main species involved are 

Campylobacter jejuni and C. coli (4). 

Escherichia coli O157:H7 is an important food 

pathogen in the developed world (5, 6) and 

ruminants, particularly cattle, are 

considered the most important reservoir 

(6,7). In Africa, the importance of E.coli 

O157:H7 in foodborne illnesses has recently 

emerged but little is known about the 

reservoir (8) although the organism has been 

isolated in chicken and processed poultry in 

Nigeria and Senegal (9, 10,11). The role of 

poultry in the transmission of E.coli O157:H7 

to humans has however not been clearly 

established. Production, marketing and 

processing of free-range indigenous chicken 

in Kenya is practiced under minimal 

biosecurity measures, which may expose the 

chicken to pathogenic zoonotic 

microorganism and pose a health risk to 

consumers (12,13). Studies on value chain 

biosafety have been limited mainly to 

intensive production systems in developed 

countries (14,15, 16, 17, 18). This study 

aimed to assess the biosafety of a free range 

indigenous chicken value chain in Kenya by 

estimating the prevalence of Campylobacter 

spp and E.coli 0157:H7 

 

MATERIALS AND METHODS 

 

Study site: The study comprised of 

collection and laboratory analysis of cloacal 

swabs and dressed chicken carcasses. 

Sampling was as carried out in a rural 

County, Makueni and in the capital City 

County, Nairobi. The rural County is a 

major supplier of indigenous chicken to 

Nairobi County. A live chicken market, 

Burma Maziwa, is one of several 

unstructured markets in Nairobi. It receives 

chicken from several parts of the country but 

the traders’ organizational structure 

facilitates identification of the origin of the 

chicken.  A non-regulated poultry slaughter 

facility in the market is a significant outlet of 

dressed carcasses for supermarkets, 

butcheries, and homes within Nairobi city.   

Samples: A cross-sectional sampling was 

carried out in the two study areas between 

October 2012 and September 2013. Cloacal 

swabs were collected using cotton swabs in 

casings containing Cary-Blair transport 

medium (Zhejiang Gongdong Medical 

Technology Co., Ltd. China). A total of 280 

swabs were collected from 25 farms 

randomly selected from a list of 76 in four of 

the six sub-counties, 12 per farm. At the 

market, swabs were collected randomly 

from all chicken clusters originating from 

Makueni County in 8 sampling days. A total 

of 390 swabs were collected. The swabs were 

labelled, and placed in a cool box. Forty (40) 

dressed carcasses of the birds swabbed for 

cloacal materials were obtained.  Every 7th 

bird swabbed was selected for carcass 

collection. The carcasses were put in sterile 

double polythene bags, labelled, and placed 

in a cool box. The swabs and carcasses were 

transported to laboratory within 6hrs. In the 

laboratory, the carcasses were rinse-washed 

with 400mls of buffered peptone water (pH 

7.2) following the method described by 

NACMCF (19).  The rinse fluid was then 

analysed for the organisms. 

Isolation of Campylobacter spp: 

Campylobacter blood-free medium containing 

antibiotics and supplement (mCCDA, Oxoid 

CM739, UK) was used for isolation of 

thermophilic Campylobacter species.   All 

samples were cultured directly on the media 

(20,3) within 6 hrs of collection. Samples 

collected in farms were cultured in a local 

hospital laboratory while those from the 

market were cultured at the Faculty of 
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Veterinary Medicine, University of Nairobi.  

Swabs were streaked directly on the media. 

Tenfold serial dilutions of the rinse-wash 

fluid were prepared in peptone water and 

0.5mls of 4 consecutive serial dilutions, 100 

to10-3, inoculated into the media using the 

spread plate method. Inoculated plates were 

incubated at 420C, (21), for 48 hours in 

candle extinction jar (22,23). Suspect 

Campylobacter colonies were then selected for 

further analysis by Gram stain, catalase and 

oxidase biochemical tests. The Gram stain 

was performed using reagents prepared 

according to WHO (24) method.  Suspect 

isolates were confirmed by DNA analysis. 

Campylobacter DNA analysis: 

Confirmation of Campylobacter genus was 

done using PCR analysis for 16S rRNA gene 

(Linton et al., 1997) and identification of C. 

jejuni and C. coliby multiplex PCR using 

species specific primers. The primers were 

based on nucleotides sequences of 

monospecific probes from DNA fragments 

library (25). Primers for Campylobacter genus 

(C412F and C1228R) generated amplicons of 

812bp. Campylobacter jejuni primers (ENg03F 

and ENg04R) and C. coli   primers (ENg01F 

and ENg02R) generated amplicons of 773bp 

and 364bp respectively.  

DNA extraction: A loopful of suspect 

Campylobacter colonies was harvested and 

suspended in 200µl of sterile distilled water 

in labelled 0.5ml Eppendorf tubes.  The 

tubes were then heated in boiling a water 

bath at 1000C for 10 minutes, cooled 

immediately on ice for 5-10 minutes and 

then centrifuged (Eppendorf Gerãtebau; 

West Germany) at 11,000×g for 5 minutes. 

The supernatant was stored at -200C and 

used as DNA templates.  

DNA amplification: Amplification for the 

genus DNA was performed in a 25µl 

reaction volume per sample. Briefly, aliquots 

of 12.5µl of Taq Master Mix (Qiagen GmbH, 

Limburg, Netherlands), 10pmol of each 

primer (Bioneer, Inc. USA), 5µl of DNA 

template and 7.3µl of molecular grade water 

(Qiagen GmbH, Limburg, Netherlands) 

were put in labelled sterile PCR tubes, and 

placed in a thermocycler(MJ Research, 

Watertown, MA, USA)..  The samples were 

subjected to initial denaturation temperature 

of 950C for 10 minutes followed by 35 cycles 

of denaturation at 950C for 30 seconds, 

annealing at 590C for 90 seconds, extension 

at 720C for 60 seconds and a final extension 

of 720C for 10 minutes (25). Amplification of 

C. jejuni and C. coli species DNA was 

performed in a 50µl multiplex reaction 

volume per sample as follows. Briefly, 25µl 

Taq PCR Master Mix (Qiagen GmbH, 

Limburg, Netherlands), 5µl of DNA 

template, 60pmol of C. coli primers (Bioneer, 

Inc. USA), 25pmol of C. jejuni primers 

(Bioneer, Inc. USA) and 18.3µl of molecular 

grade water (Qiagen GmbH, Limburg, 

Netherlands) were  put into labelled PCR 

tubes. The PCR protocol included initial 

denaturation temperature of 940C for 5 

minutes; 2 cycles of 1 minute at 940C, 1 min 

at 640C, and 1 minute at 720C; 2 cycles of 1 

minute at 940C, 1 minute at 620C, and 1 

minute at 720C; 2 cycles of 1 minute at 940C, 

1 minute at 600C, and 1 minute at 720C; 2 

cycles of 1 minute at 940C, 1 minute at 580C, 

and 1 minute at 720C; 2 cycles of 1 minute at 

940C, 1 minute at 560C, and 1 minute at 720C; 

30 cycles of 1 minute at 940C, 1 minute at 

540C, and 1 minute at 720C; and a final 

extension step of 10 min at 720C (25) 

Agar gel electrophoresis: Amplicons were 

analysed by gel electrophoresis in agarose 

(Ultra PURETM, BRL, and Gaithersburg, 

MD) containing ethidium bromide 

(77µl/100mls) and submerged in 1x Tris-

acetate buffer solution. Electrophoresis of 

Campylobacter genus and species amplicons 

was performed in1.3% and 1% agarose gel 

respectively. The PCR products were mixed 

with the loading dye (4:1) and loaded into 

the gel wells. A 100bp DNA molecular 

ladder was used as size reference.  Genomic 

DNA from C. jejuni (Kenya Medical 

Research Institute (KEMRI) 4529 and 4478) 
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and C. coli (KEMRI 4443 and 4543) were 

used as positive control in all the PCR 

assays. Electrophoresis was conducted at 

100V for 1.5hrs after which the amplicons 

were viewed and photographed under UV-

transilluminator (VilberLourmat).   

Isolation of E.coli 0157: H7:Isolation of 

E.coli: 0157: H7 was carried out, first by 

incubating the cloacal swabs dipped into 

tubes containing 4mls Lauryl broth 

(HimediaM091, India) , and  10mls aliquots 

of the  rinse- wash fluid , at 370C for 2hrs for 

pre-enrichment. Loopfuls of the cultures 

were then streaked onto sorbitol MacConkey 

agar plates (Oxoid CM 813, UK). The plates 

were incubated at 370C for 18-24 hours.  

Suspect sorbitol negative colonies were then 

streaked onto MacConkey agar (Oxoid- CM 

0507 UK) plates and incubated at 370C for 

18-24hrs.  Lactose positive colonies were 

then subjected to indole, methyl red, Voges 

– Proskauer and citrate (IMViC) tests. 

Colonies positive formethyl red and indole 

tests were re-streaked onto sorbitol 

MacConkeyagar and incubated at 370C for 

24 hrs. Sorbitol negative colonies were 

stored at 10% skimmed milk (OxoidLP 0031, 

UK) at -200C before serotyping.  

Serotyping of E.coli O157:H7:E.coli: 

O157:H7 suspect isolates were confirmed by 

serotyping using Wellcolex® E.coli O157:H7 

latex kit (OxoidR30959601, UK,).  Isolates 

stored in 10% skimmed milk were 

inoculated into tryptonesoya Agar slants 

(OxoidCM 0131, UK) and incubated at 370C 

for 20hrs. The bacterial suspension at the 

bottom of the slants was then used as the 

antigen. Equal volumes of 20µl of the 

bacterial broth and latex reagent were 

tested. Negative control tests were 

performed according to kit instructions. All 

cultures positive for O157 antigen were 

further tested for the H7 antigen. 

 

RESULTS 

 

The prevalence of the two zoonotic 

microorganisms in the three value chain 

levels is summarized in Table 1. Two 

morphological types of Campylobacter 

colonies were observed as described (26, 27).  

They were large, flat, irregular, greyish, and 

watery with a tendency to spread, or 

greyish, raised convex, with discrete 

margins.  Occasionally, more than one 

colony type was isolated from the same 

sample. Most presumptive isolates were 

positive for catalase and oxidase tests, but a 

few were positive only in either test.
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Table 1 

The prevalence of Campylobacter spp, and Escherichia coli 0157:H7 in free-range indigenous chicken value 

chain in Kenya 

Organism Value chain  level and prevalence 

 Farm level Market level Dressed carcasses 

 Presumptive  Confirmed  Presumptive  Confirmed  Presum

ptive  

Confirmed  

Total 

Campylobacters 

178/280 

(63.57%) 

142/289 

(50.87%) 

 111/390 

(28.4%)  

37/390 

(9.49%) 

 

20/40 

(50%)    

11/40 (27.5%)  

C. jejuni - 103/280 

(36.78%) 

 

- 15/390 

(3.85%) 

 

- 

3/40 (7.5% ) 

 

C. coli - 

18/280 (6.43% ) 

 

- 3/390 

(0.77%) 

 

- 

0%  

 

C. jejuni and C. 

coli 

- 5/280 (1.78%) 

  

- 

 

0% 

 

- 0% 

 

Other 

Campylobacters 

- 26/142 (9.28%) 

 

19/390 

(4.87%) 

 

- 

 

8/390 (20%) 

E.coli 0157  37/280 

(13.2%) 4/280 (1.42% ) 

 

106/338 

(31.36%) 

29/338 

(8.58%) 

 

4/35 

(1.42%) 4/35(11.42%) 

 

E.coli 0157:H7 - 

3/280 (1.07% ) 

- 20/338 

(5.9% ) 

- 

4/35(11.42% ) 

 

At farm level, Campylobacter was suspected 

in 178 of the 280 (63.57%) samples on the 

basis of colonial morphology and 

biochemical tests. The PCR analysis for the 

16S rRNA gene confirmed Campylobacter 

genus in 142 of the 178 suspects, giving a 

prevalence of 50.87% [95% CI: (44.87- 56.55)]. 

Multiplex PCR further confirmed C. jejuni in 

108(38.57%) isolates and C. coli in 23, (8.21%) 

isolates. Concomitant C. jejuni and C. coli 

infections were observed in 5 (1.78%) 

samples. At live bird market level, 

Campylobacter genus was suspected in 111 

(28.4%) of 390 samples but only 37 (9.49%) 

isolates were confirmed. [95% CI: (6.87- 

12.71]. Campylobacter jejuni and C. coli were 

confirmed in 15 (3.35%) and3 (0.76%) 

isolates respectively. In chicken carcasses, 

suspect Campylobacter colonies were 

detected in 20 (50%) of the 40 samples. 

Campylobacter genus was confirmed in 11 

(27.5%) isolates [95% CI: (15.39 - 42.7)]. The 

prevalence of C. jejuni was 7.5% but C. coli 

were not detected in any sample. At farm 

level, sorbitol negative E. coli was isolated 

from 37 (13.2%) of 280 samples. Of these, 

(1.42%) were confirmed as E. coli 0157 and 3 

(1.07%) we reconfirmed as H7 [95% CI: 

(0.22- 3.09)]. At market level 31.36 % 

(106/338) isolates were sorbitol negative and 

29 (8.58%) isolates were confirmed E. coli 

0157, and 20 (5.91%) confirmed E. coli 

0157:H7 [95% CI: (3.72- 8.80)]. In carcasses 

4/35, (11.42%) were presumptive for E.coli 

0157, and all were confirmed E.coli O157 and 

H7 [95% CI: (3.74 -25.31)]. At farm and 

market level, three and two samples had 

concomitant infections with Campylobacter 

species and E.coli 0157:H7 respectively. 
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DISCUSSION 

 

The findings in this study indicated that free 

range indigenous chicken and chicken 

carcasses carry Campylobacter and E. coli 

0157:H7 organisms.  Campylobacter species 

were identified at a prevalence of 50.87%, 

9.49% and 27.5% in the three value chain 

levels respectively. In Tanzania (28) and in 

Nigeria (29) a genus prevalence of 69.8% 

and 77.6% respectively has been reported at 

farm level while a prevalence of 56% has 

been reported in chicken carcasses in 

Senegal (11).   

Campylobacter jejuni was dominant at the 

farm level with a prevalence of 36.7% and 

contributed 72.5% of all confirmed 

Campylobacters. Salihuet al., (29) reported a 

67% Campylobacter jejuni prevalence in 

indigenous chicken in Nigeria. Campylobacter 

species other than C. jejuni and C. coli were 

dominant at the market and carcass levels at 

4.87% and 20% respectively. In contrast, 

Cardinal et al., (2003) found C.  jejuni 

dominant in local chicken carcasses in 

Senegal at 59%. Though the prevalence of C. 

jejuni was relatively low at market and 

carcass levels (3.5% and 7.5% respectively) 

in this study, the public health risk is 

significant considering the low infective 

dose for C. jejuni of 500 to 10,000 cells (30), 

and the possibility of cross contamination of  

other carcasses and foodstuffs. The 

prevalence of C. coli was the least in the 

three levels of the value chain, at 6.43%, 

0.76% and 0% in the farms, live bird market 

and carcasses respectively, an indication that 

the organism may not be a significant 

pathogen in chickens in the study areas. The 

findings in this study however, concur with 

other studies that   live poultry and poultry 

meat are important sources of 

Campylobacter infections to human (3,4, 31, 

32). 

In the study, the prevalence of E. coli 

O157:H7 in cloacal samples was 1.07%, 

5.91% and 11.43% at the farm, market, and 

carcass levels respectively. Comparative 

data on occurrence of E. coli O157:H7 in 

chickens in general and scavenging chicken 

in particular is scarce. At farm level, a 

prevalence of 13.6% has been reported in 

Norway (33) and 0.9% in United States (34). 

In live bird market, the findings a 

comparable to the 5% reported in Nigeria 

(9). Previous studies to detect the bacteria in 

poultry meat have reported lower values 

than in this study. In Turkey (35), 

Hyderabad (India) (36) and Bangkok 

(Thailand (37), a prevalence of 1.05%, 4% 

and 2% have been reported respectively. 

Chang et al., (38) found much higher value 

of 40% in organic chicken meat in Malaysia 

market outlets. In the current study, the 

higher prevalence in carcasses compared to 

farm and live bird market was an indication 

of possible cross contamination of carcasses. 

Ruminants’ dung is considered the most 

important reservoirs for E. coli O157 (6) and 

human infections are mainly associated with 

consumption of raw vegetables 

contaminated with cattle manure (39).There 

is need to establish whether infection in 

chicken is related to scavenging on 

ruminants’ dung. Although the specific role 

of chicken in the transmission of E. coli O157 

and subsequent human illnesses is lacking 

(40), the results of this study provide an 

indication that free-range chicken and 

chicken meat is a possible source of E. coli 

O157:H7 infection. Overall, this study 

establishes the presence of zoonotic bacteria 

in free range indigenous chicken value chain 

from Makueni to Nairobi County, Kenya 

and recommends a need to sensitize 

consumers on proper handling of meat 

carcasses to avoid cross contamination of 

other foodstuffs as well as adequate 

cooking. 

 

CONCLUSION 

 

In conclusion, free-range indigenous chicken 

and chicken meat carcasses may play a role 
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in dissemination of Campylobacter and 

E.coli 0157:H7 infections to humans.  This 

system of production is a popular livestock 

enterprise in Kenya but the poor biosafety 

production and marketing practices may 

expose the consumer to such zoonotic 

microorganisms.  
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