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In Senegal, rectal swabs from cattle, wild rodents and chiropterans were cultured for Entero-
bacteriaceae. Isolates were tested for susceptibility to antimicrobial agents. Two cefotaxime-resistant 
isolates were found in a black rat (Rattus rattus): a multiresistant Escherichia coli with blaCTX-M-15 gene 
and Enterobacter cloacae resistant to ampicillin and cephalotin with blaTEM-52b gene. Sympatric rats in 
Senegal may represent an important reservoir for antibiotic-resistant. Enterobacteriaceae including 
extended-spectrum beta-lactamases producing isolates. 
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INTRODUCTION 
 
Recently, bacteria isolated from feces and rectal swabs 
of wild and domestic animals in Europe and North 
America were examined for antimicrobial susceptibility. 
Close associations were found between occurrences of 
resistant bacteria in humans, domestic and sympatric 
wild animals (Skurnik et al., 2006). This may have been 
influenced by the use of antimicrobial agents. Data 
regarding occurrence of antibiotic-resistant bacteria in 
African domestic and wild mammals are limited. We 
examined cattle, wild rodents and chiropterans sympatric 
to humans in southeastern Senegal for the presence of 
antibiotic-resistant Enterobacteriaceae. Our results are 
presented and discussed in this paper.   
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MATERIAL AND METHODS 
 
In September 2007, we examined domestic cattle (n = 48; 31 cows,  
4 haifers, and 13 calves) , wild rodents (n = 45; Rattus rattus 33, 
Arvicola ansorgei 4, Myomys daltoni 3, Mastomys erythroleucos 2, 
Tatera guinea 2, Mus musculus 1) and chiropterans (n = 24; 
Epomorphorus gambianus 19, Micropteropus pusilus 3, 
Hiposideros gigas 2) sympatric to humans, from two locations in 
southeastern Senegal for the presence of antibiotic-resistant 
Enterobacteriaceae. Wild rodents and chiropterans were caught 
using live traps and mist nets, respectively, in places inhabited by 
humans. Rectal swabs obtained from all the sampled animals were 
stored in Amies transport medium before laboratory testing. 

Individual rectal swabs were placed overnight in Buffered 
Peptone Water (BPW) (Oxoid, UK) at 37°C, and then cultured for E. 
coli on Chromogenic medium for E. coli and coliform bacteria 
(Oxoid). One suspect colony of each plate was identified using 
API10S test kit (bioMérieux, France) and tested for susceptibility to 
antimicrobial agents in accordance with CLSI (The Clinical and 
Laboratory Standards Institute). Antibiotic susceptibility was tested 
by disk diffusion method on Mueller-Hinton agar  (Oxoid)  using  the  
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following antimicrobials and concentrations: amoxicillin-clavulanic 
acid (30 µg), ampicillin (10 µg), cephalothin (30 µg), ceftazidime (30 
µg), chloramphenicol (30 µg), ciprofloxacin (5 µg), gentamicin (10 
µg), nalidixic acid (30 µg), streptomycin (10 µg), sulpha-
methoxazole-trimethoprim (25 µg), sulphonamides (300 µg), and 
tetracycline (30 µg) (Oxoid).In E. coli isolates found to be resistant 
to one or more of the antibiotics listed above, polymerase chain 
reaction (PCR) was used to detect specific antibiotic-resistance 
genes, integrase genes int1 and int2, and gene cassettes within 
class 1 and 2 integrons (Dolejska et al. 2007, for the list of primers 
see Literak et al., in press). 

For isolation of extended-spectrum beta-lactamase-producing 
and quinolone-resistant Enterobacteriaceae, the samples were 
enriched overnight at 37°C in MacConkey broth (Oxoid) and after 
that subcultured on MacConkey agar containing cefotaxime  (2 mg 
L-1) and MacConkey agar containing nalidixic acid (20 mg L-1) to 
detect Enterobacteriaceae resistant to cefotaxime and nalidixic 
acid, respectively. The cefotaxime-resistant colonies were 
examined using the double-disk synergy test for the production of 
extended-spectrum beta-lactamase (ESBL) (CLSI 2002) and 
identified by the API 10S test kit (bioMérieux). The genes respon-
sible for the ESBL phenotype (blaTEM, blaSHV and blaCTX-M) were 
identified by PCR and the products were further analysed using 
sequencing (ABI 310 Genetic Analyser, Applied Biosystems). The 
primers 1537 and 1580 were used for sequencing of blaCTX-M-1 group 
and the primers 686 and 757 were used for sequence analysis of 
blaTEM (Literak et al., in press). Transferability of bla genes was 
tested by conjugation (Literak et al., in press). Plate-mating experi-
ments were done using plasmid-free, rifampicin and nalidixic acid 
resistant E. coli MT102RN and Salmonella Typhimurium SL5325 as 
recipients (Caroff et al., 1999; Olesen et al., 2004).  
 
 
RESULTS AND DISCUSSION 
 
A total of 48 isolates of E. coli were obtained from 48 
samples (one sample - one isolate) of cattle in Dar Salam 
(13°15´ N, 13°12´ W). Three isolates were resistant to 
tetracycline encoded by the tetA gene. Using a selective 
cultivation, one more E. coli isolate resistant to nalidixic 
acid but susceptible to ciprofloxacin was obtained. We do 
not consider the cattle in that area of Senegal to 
comprise an important reservoir of resistant E. coli nor as 
a risk factor for transmitting resistant E. coli to people 
living in close contact with their cattle. It should be noted 
that an E. coli isolate resistant to tetracycline originating 
from cattle has been documented in Kenya, which is also 
in tropical Africa (Kikuvi et al., 2007). 

A total of 37 and 24 E. coli isolates from  37 wild 
rodents and 24 chiropterans respectively, in Dar Salam 
were obtained by cultivation on Chromogenic medium. 
Two (5%) isolates from wild rodents, both from black rats 
(Rattus rattus), were resistant: one resistant to tetra-
cycline carrying the tetA gene and one multiresistant to 
sulphonamides, sulphametoxazole-trimethoprim and 
tetracycline with the sul2 and tetA genes. Only one (4%) 
isolate from chiropterans (Micropteropus pusillus) was 
resistant to tetracycline due to presence of the tetA gene. 
No antibiotic-resistant isolates were obtained using 
selective cultivation on media with cefotaxime or nalidixic 
acid. The prevalence of resistant isolates in both wild 
rodents and chiropterans in Dar Salam was low, and, as 
in cattle, the most frequent resistance was to tetracycline.  

 
 
 
 
The information on antimicrobial usage in people as well 
as in domestic animals in Dar Salam is limited, and there 
was probably only small pressure for selection of 
resistant E. coli  in their populations and consequently for 
the spreading of resistant isolates or genetic determi-
nants of resistance to sympatric populations of wild 
animals. A study in Indonesia showed that the use of 
antimicrobials in people and domestic animals and fecal 
contamination of the environment was associated with 
the isolation of resistant Enterobacteriaceae in sympatric 
wild rodents including black rats and chiropterans 
(Graves et al., 1988). 

Additionally, eight wild rodents sympatric to human 
buildings were examined in Tambacounda (13°45´ N, 
13°40´ W). Using cultivation on Chromogenic medium 8 
E. coli isolates were obtained, however, resistance to 
antimicrobials tested was not found in any isolate. Using 
the selective method of cultivation on medium with 
cefotaxime or nalidixic acid, two E. coli isolates resistant 
to nalidixic acid and sensitive to ciprofloxacin were found 
in two black rats. Moreover two isolates of cefotaxime-
resistant Enterobacteriaceae were found in another black 
rat. Found were an E. coli isolate resistant to ampicillin, 
streptomycin, sulphonamides, sulphametoxazole-
trimethoprim and tetracycline with genes blaCTX-M-15, strA, 
sul2, and tetA, as well as an Enterobacter cloacae isolate 
with the blaTEM-52b gene. The bla genes failed to transfer 
by conjugation into E. coli and Salmonella. Tambacounda 
is a town with poor hygienic conditions where wild 
rodents commonly inhabit buildings with humans and can 
be easily colonized with fecal bacterial strains excreted 
by humans or resistance determinants can be spread by 
horizontal gene transfer. 

The dissemination of ESBLs is a problem of global 
magnitude, with rates of production being particularly 
high in some enterobacterial species, especially 
Klebsiella pneumoniae and E. coli (Rossolini et al., 2008). 
Various types of ESBLs (TEM, SHV, CTX-M) has been 
documented recently in human clinical isolates of 
Enterobacteriacea in different regions of Africa (Kariuki et 
al., 2001, Usha et al., 2008, Ehlers et al., 2009). The 
CTX-M-15 beta-lactamase has been detected in hospital 
isolates of Salmonella enterica in Senegal (Weill et al., 
2004), Klebsiella pneumoniae isolates connected with 
community-acquired urinary tract infections in Nigeria 
(Soge et al., 2006). CTX-M-15 is also wide spread in 
hospital isolates of Klebsiella pneumoniae, E. coli  and 
Enterobacter cloacae in Algeria (Touati et al., 2006, 
2007, Iabadene et al., 2008, Massai et al., 2008) and 
Tunisia (Ktari et al., 2006, Abbassi et al., 2008). Global 
dissemination of CTX-M-15 and importance of clonal 
spreading has recently been documented by Clermont et 
al. (2008). These authors reported a clone of CTX-M-15-
producing E. coli spreading through Europe, Tunisia and 
Central African Republic. 

Recently, two children with no known antibiotic exposure 
living in a remote Senegalese village, were found to be 
fecal carriers  of  a  multiresistant  E. coli  clone  that  pro- 



 
 
 
 
duced CTX-M-15 beta-lactamase (Ruppe et al., 2009). 
These isolates were able to transfer resistance to 
cephalosporins since the presence of blaCTX-M-15 was 
confirmed by PCR in the transconjugants. This highlights 
the current massive spread of extended-spectrum beta-
lactamases, especially CTX-M-15, even in isolated 
communities. 

TEM-52 has been seen in non-typhoid Salmonella of 
human origin and Salmonella seems to be the preferred 
reservoir for this ESBL type (Yates et al., 2004; Hasman 
et al., 2005). Only few TEM-52 producers are reported in 
animals. The gene blaTEM-52 has been documented in E. 
coli from pets (Costa et al. 2004) and food-producing 
animals (Brinas et al. 2005), In the wild, the gene blaTEM-

52 has been detected in E. coli from wild birds and game 
in Portugal (Costa et al., 2008, Poeta et al., 2008) and 
wild boars in the Czech Republic (Literak et al., in press). 
To define the extent of the spread of ESBLs, the 
characterization of antibiotic-resistant bacteria needs to 
be done in each geographical area and different 
environments including wildlife, especially in areas where 
resources are limited and antibiotics are unregulated 
(Okeke et al., 1999). 

We conclude that rats sympatric to humans in Senegal, 
similarly as rats in Kenya (Gakyua et al., 2001), represent 
a possibly important reservoir for antibiotic-resistant 
Enterobacteriaceae including ESBL producing strains.  
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