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Summary

Two hundred and thirty five Escherichia coli isolates from cattle, pigs and
chickens were investigated for their resistance to seven antimicrobials by the disc
diffusion method. Minimum inhibitory concentrations were determined for 154
isolates showing resistance to at least one of the antimicrobials tested. Resistance
was found in 65.5% and multi-resistance (resistance to = 2 antibiotics) in 37.9% of
the isolates. Resistance was highest in the isolates from chickens (74.0%),
followed by pigs (64.8%) and cattle (61.3%). The most common resistance was to
ampicillin, streptomycin, tetracycline, sulphamethoxazole/trimethoprim, and
kanamycin (42.5-11.9%). Resistance to kanamycin,
sulphamethoxazole/trimethoprim, and tetracycline was significantly lower in cattle
(2.5-7.5%) than in the other species (12.0-40.0%) (p < 0.01). Resistance to
streptomycin and ampicillin were significantly higher in cattle and pigs
respectively (p < 0.01). Similar resistance rates were observed among the faecal
(29.9%) and carcass swab (33.1%) isolates. Forty resistance patterns were recorded
of which only 5 (12.5%) were common among the isolates studied.

This study shows that multi-drug resistant E. coli isolates are prevalent in cattle,
pigs and chickens in Kenya and that a considerable proportion of E. coli isolates
from fresh cattle and pig carcasses is resistant to a variety of antimicrobial agents.
Differences in the rates and patterns of resistance were noted, perhaps reflecting
differences in antibiotic use regimens among these species. It is recommended that
the use of antimicrobials in food animals should follow prudent use guidelines to
minimize the selection of resistant bacteria and that slaughter hygiene should be
improved to minimize the risk of transfer of antimicrobial resistant bacteria to
humans.



Introduction

The major influences on the amplification and spread of antimicrobial resistant
bacteria are the use of antimicrobial agents in human medicine and their use in
livestock for therapy, metaphylaxis, prophylaxis and growth promotion (1). Resistant
bacteria from domestic animals can be transmitted to man indirectly via the food
chain or directly from the animal (2), and potentially result in food-borne illness in
humans that is less responsive to treatment with conventional antimicrobial drugs.

Food of animal origin may serve as a vehicle to transport resistant bacteria and
resistance genes between animals and humans since contamination of carcasses with
faecal flora inevitably occurs during slaughtering (3). In addition to the human health
concerns, antimicrobial-resistant pathogens also pose a severe and costly animal
health problem, as they prolong illness and decrease productivity through higher
morbidity and mortality rates (4).

To generate baseline data to be used in future risk assessment of antimicrobial
resistance, a number of surveillance systems on the local, continental and global scale
have been initiated (5). Among the species proposed for surveillance is Escherichia
coli. The prevalence of resistance in commensal E. coli is a good indicator for the
selective pressure by antibiotics use and resistance problems to be expected in
pathogenic bacteria. In food animals, a low prevalence and degree of antibiotic
resistance in the intestinal flora should be considered as a distinguishing quality and
safety mark (3). While antimicrobial resistance of commensal E. coli isolates of avian
origin in Kenya has been reported (6,7), data on the prevalence and resistance patterns
of E. coli from other food-producing animals are unavailable.

The aim of this study was to determine and compare the prevalence and patterns of
antimicrobial resistance phenotypes among E. coli isolates from cattle, pigs and
chickens in Kenya.

Material and Methods

Collection of samples

Fresh faecal and carcass swab samples were collected from individual animals from
unrelated herds at the Dagoretti slaughterhouse complex (cattle) and Ndumbuini
slaughterhouse (pigs) in Nairobi during June to December 2001. Cattle slaughtered at
Dagoretti slaughterhouse complex originate from all parts of the country (8). Pigs are
sent to the abattoir from farms in Kiambu and Nairobi districts which are among the
main pig farming districts in Kenya. A single animal was selected at random as being
representative of a herd and about 5 g of faeces aseptically removed from the large
bowel after evisceration at the slaughtering line. The carcasses were sampled using
sterile cotton wool swabs. The samples were immediately placed into Stuart’s
transport medium (Oxoid, Basingstoke, United Kingdom), maintained on ice while
being transported to the laboratory and processed on the same day. In addition,
cloacal and pharyngeal swab samples collected from chickens at various markets in
Nairobi were used for the study.

Isolation and identification of E. coli

The samples were inoculated into peptone water (Oxoid) and incubated at 370C for
18 h. Subsequently; the cultures were streaked on Eosin Methylene Blue (EMB) agar
(Oxoid) and incubated overnight at 370C. Indole, methyl red, VVoges-Proskauer
reaction and Simons citrate (IMViC) tests were performed with the colonies that



showed growth characteristics of E. coli on EMB agar. Analytical profile index (API)
20E strips (Bio Merieux, Marcy-I'Etoile, France) were also used to confirm the
identification of the isolates as E. coli. One isolate per sample was selected for
resistance testing. The E. coli isolates selected for resistance testing were restreaked
onto blood agar (Oxoid), incubated overnight at 370C, and stored at 40C until in-vitro
susceptibility tests were performed. E. coli ATCC 25922 was used as a reference
strain for quality control of the antimicrobial susceptibility testing.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was done by disc diffusion on Mueller-Hinton
(MH) agar (Oxoid) according to the recommendations reported by the Clinical and
Laboratory Standards Institute (CLSI; formerly known as the NCCLS). The
antimicrobial agent discs used in this study were: ampicillin (10 g), tetracycline (30
g), streptomycin (10 g), kanamycin (30 g), gentamicin (10 g),
sulphamethoxazole/trimethoprim (23.75/1.25 g) and chloramphenicol (30 g) (Himedia
Laboratories Ltd, Mumbai, India). Minimum Inhibitory Concentration (MIC) values
for the antimicrobials among the 154 E. coli isolates showing resistance on disc
diffusion test were determined using the standard broth doubling dilution method on
MH (Oxoid) medium according to the CLSI document M31-A2 (NCCLS, 2004(9)).
The zone diameters around all the discs and MICs, except for streptomycin were
interpreted according to the CLSI document M31-Az2 (9), the breakpoints for the zone
diameters and MICs used for streptomycin were those recommended by CLSI
document M2-A6 (10) and the Danish Integrated Antimicrobial resistance Monitoring
and Research Program (DANMAP, 2001)(11), respectively. The rates of resistance as
well as MIC50 and MIC90 values were calculated and presented. Multi-drug
resistance was defined as simultaneous resistance to at least two of the antimicrobials
tested, with sulphamethoxazole plus trimethoprim considered as one unit since the
testing was done in combination.

Statistical analysis

Chi-square test was used to compare the difference between the proportions of the
isolates from cattle, pigs and chickens that were resistant to various antimicrobials. A
value of p < 0.05 was considered as significant. The correlation between the standard
broth dilution method and disc diffusion method was analysed by regression analysis.

Results

Bacterial isolates

A total of 235 E. coli isolates comprising of 80 isolates from cattle (carcass, n = 38
and faeces, n = 42), 105 from pigs (carcass, n = 52 and faeces, n = 53) and 50 from
chickens (pharyngeal, n = 12 and cloacal swabs, n = 48) were studied.

Antimicrobial susceptibility testing

One hundred and fifty four (65.5%) of the E. coli isolates (pigs 28.9%, cattle 20.9%
and chicken 15.7%) were resistant to at least one of the antimicrobial agents tested.
Overall, 89 (37.9%) of the isolates were multi-drug resistant (resistant to =2
antibiotics). Resistance was highest in the chicken isolates (74.0%), followed by pigs
(64.8%) and cattle (61.3%). Multi-drug resistance was significantly higher in the
isolates from pigs (42.9%) and chickens (40.0%) than in those from cattle (30.0%) (p
< 0.05). One isolate from pigs was resistant to all seven antibiotics tested.



The prevalence of resistance among the isolates from the three animal species
sampled is represented in Figure 1. Resistance to kanamycin, tetracycline, and
sulphamethoxazole/trimethoprim was significantly higher in the isolates from pigs
and chickens (12.0-40.0%) than in those from cattle (2.5-7.5%). Isolates from cattle
were significantly more resistant to streptomycin (43.7%) than those from pigs
(25.7%) and chickens (34.0%) (p < 0.01). Resistance to ampicillin was significantly
higher in isolates from pigs (50.5%) than in isolates from cattle (38.7%) or chickens
(32.0%). Chloramphenicol resistance was significantly higher in the isolates from pigs
(10.0%) than those from chickens (2.0%). There were no significant differences in the
prevalence of resistance between the E. coli isolates isolated from faecal (30.0%,
cattle and 29.7%, pigs) and carcass swabs (31.0%, cattle and 35.2%, pigs). The
chicken isolates were not compared statistically because of the small number of
isolates from the pharyngeal swabs.

Forty different resistance patterns were recorded. The most prevalent resistance
patterns of each species are shown in Table 1. Only 5 (12.5%) of these resistance
patterns were found to be shared by all three animal sources. The resistance spectra of
the porcine isolates varied more than those from bovine or avian isolates. No
significant differences were observed between the patterns of resistance among the
carcass swab and faecal sample isolates from either cattle or pigs. The disc diffusion
method results for the 154 isolates correlated well with the MIC determinations for all
the agents tested (r = 0.949). The MIC of each antimicrobial agent varied widely with
the isolate tested (Table 2). Some isolates showed exceptionally high MICs for
various antimicrobials. These included ampicillin with 33 (21.4%), streptomycin with
22 (14.3%), chloramphenicol with 8 (5.2%) and tetracycline with 20 (13.0%) of the
isolates showing MICs = 256 pg/ml. In addition, 42 (27.3%) of the isolates showed
MICs = 1216/64 pg/ml for the sulphamethoxazole/trimethoprim combination.

Figure 1: Prevalence of antimicrobial resistance among E. coli isolated from cattle (n
= 80), pigs (n = 105) and chickens (n = 50).
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Antimicrobial agents: Amp, ampicillin; Cm, chloramphenicol; Gm, gentamicin; Km,
kanamycin; Sm, streptomycin; SxT, sulphamethoxazole/trimethoprim; Tet,
tetracycline

Table 1: Antimicrobial resistance profiles of E. coli isolates from food-producing
animals in Kenya
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Table 2: MIC distribution of 7 antimicrobials tested against 154 E. coli isolat
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<0.25 05 | 2 K 8 16 32 64
Ampicillin 0 0 0
Chloramphenicol 0 0 0 12
Gentamicin 2 12 85
Kanamycin 0 0 0
Streptomycin 0 0 0 0
Tetracycline 0 2 4 34
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Discussion

The potential for transfer of antimicrobial resistance from enteric zoonotic bacteria of
food animals to the human population is a cause of concern (12). Contact with food
animals or their excreta or consumption of foods of animal origin has been suggested
to be the main route of dissemination of resistance from food-producing animals into
human populations (2). The antimicrobial susceptibility data from the present study
showed that food animal populations in Kenya harbour E. coli resistant to various
antimicrobials commonly used in veterinary and human medicine. The variations in
the MICs with the isolate tested may be accounted for by difference in the genes
encoding resistance to the various antimicrobials since resistance phenotypes may
arise from many different genetic determinants (13) and the distribution of MIC for
antimicrobials like streptomycin has been reported to be greatly influenced by the
genes encoding resistance (14).

Resistance was more commonly observed among chicken and swine isolates and
multi-drug resistance was significantly higher in these isolates than those from cattle.
The relatively intensive conditions under which pigs and chickens are housed may be
associated with greater disease potential and therefore, a greater tendency for
antibiotic use to control disease (12). The most common resistance among the isolates
from the three animal species sampled were to ampicillin, streptomycin, tetracycline
and sulphamethoxazole/trimethoprim. The resistance patterns most frequently
observed in cattle were resistance to streptomycin and ampicillin in combination and
streptomycin or ampicillin alone. Resistance to tetracycline and
sulphamethoxazole/trimethoprim was most frequently seen among the chicken
isolates.

The most frequent pattern in the multi-drug isolates from pigs, resistance to
ampicillin, tetracycline, streptomycin, and sulphamethoxazole/trimethoprim, was also
found among the E. coli isolates from chickens. Due to their relatively low cost and
ready availability for sale ‘over the counter’, these drugs are widely used by farmers
for therapeutic and prophylactic applications (15). Penicillins and tetracyclines are the
most widely used antibiotics in humans and food animals in Kenya, respectively and
extended-spectrum penicillins account for 67.5% of the penicillins in use (16) while
tetracyclines account for nearly 55% of the antimicrobial use in food animals (17).
Ampicillin is one of the most widely available orally administered antibiotics in
humans in Kenya (18).

Isolates from pigs were significantly more often resistant to ampicillin and
tetracycline than those from other animal species. A high prevalence of antimicrobial
drug-resistant E. coli could also occur if the animals received high doses of these
isolates from the environment (19). Ampicillin or tetracycline resistant E. coli from
humans may reach pigs through feeding contaminated swill, which is a common
practice by smallholders in Kenya. The majority of the pigs slaughtered at our
sampling site came from these farmers. Isolates of E. coli from cattle had significantly
lower rates of resistance to tetracycline, sulphamethoxazole/trimethoprim, or
kanamycin than did isolates from pigs and chickens. While this may reflect lower
usage of these antimicrobials in beef cattle (15), it may also be explained by the
greater age of the cattle sampled, since adult cattle have been shown to harbour less
resistant bacteria than calves (19).



Resistance to streptomycin was significantly higher in isolates from cattle (43.7%)
than in isolates from both pigs (25.7%) and chickens (34.0%). Streptomycin accounts
for more than 90% of the aminoglycoside use in food animals in Kenya (17). The
selective pressure exerted by the use of streptomycin in streptomycin-penicillin
combinations in intramammary and injectable preparations for the treatment of
mastitis and other bacterial infections in cattle (17) might account for this finding. The
injectable streptomycin-penicillin preparations are also used for treatment of bacterial
infections in pigs. The relatively high incidence of resistance to streptomycin among
the isolates from chickens may not be accounted for by its use in these species since
oral formulations for mass medication are usually not available. Co-resistance with
other unrelated compounds or horizontal transfer of resistance genes appears a likely
explanation.

The levels of resistance to gentamicin and to chloramphenicol observed in this study
were comparable to the level of resistance in other countries (12). Gentamicin,
although a relatively old antimicrobial agent has had little use in animals (12) and in
Kenya, no formulations are available for use in chickens. The resistance detected in E.
coli isolates from chickens (2.0%) may have been caused by off-label use or the
clonal spread of resistant isolates as suggested by Kijima-Tanaka et al. (20).

Approximately 4.7% of the E. coli isolates showed resistance to chloramphenicol,
which was significantly higher in the isolates from pigs than those from chickens. In
Kenya, as in the European Union and the United States of America chloramphenicol
is not approved for use in food animals and its fluorinated analog, florfenicol has not
been in use. Thus, the observed resistance is unlikely to be mediated by a gene
encoding resistance to florfenicol (21). Other researchers have also reported
chloramphenicol resistance among E. coli isolates from chickens and pigs in the
absence of chloramphenicol use in these animal species and suggested co-resistance
with other unrelated compounds as a possible explanation (12). Co-selection of
chloramphenicol resistance during selective pressure imposed by the use of
sulphonamides and streptomycin due to linkage of genes has also been reported
(22,23). Furthermore, chloramphenicol resistance may be acquired via horizontal
transmission of genes from other sources, such as water contaminated with human
sewage or due to illegal use of chloramphenicol (24).

Overall, 40 different resistance patterns were recorded, of which, only five (12.5%)
were found to be common among the isolates from all three species. Differences in
production systems and antimicrobial usage patterns in the various populations may
account for the differences in the resistance patterns observed among the E. coli
isolates from the three animal sources. Additionally, these differences could also be
related to the different antibiotic regimens used for the different antimicrobial agents
and livestock species (25,5). There were no significant differences in the prevalence
and patterns of resistance between the faecal and carcass swab isolates from either
cattle or pigs. This may be due to the fact that slaughter is potentially the most
important stage for bacterial contamination (12) and as a result resistant isolates from
the gut may readily contaminate carcasses (26).

This study shows that multi-drug resistant E. coli isolates are prevalent in cattle, pigs
and chickens and on fresh cattle and pig carcasses in Kenya. It is recommended that
the use of antimicrobial agents in food animals should follow prudent use guidelines
to minimize the selection and spread of resistant bacteria and that slaughter hygiene
should be improved to minimize the risk of transfer of antimicrobial resistant bacteria



to humans.
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