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Occurrence and spread of Salmonella genes encoding AmpC and extended-spectrum beta-lactamases 
(ESBL) is a major public health problem worldwide. These genes have been identified in Salmonella 
serotypes all over the world yet there is paucity of reports on these genes in Nigeria, despite the 
phenotypic evidence of resistance to beta-lactam drugs. The current work used a multiplex PCR to 
identify beta-lactam resistance genes in five Nigerian-origin Salmonella isolates exhibiting resistance to 
third-generation cephalosporins. The isolates included four strains isolated from septic poultry (two 
strains of Salmonella enterica serotype Kentucky and two strains of presumptive S. enterica serotype 
Pullorum) and one S. enterica serotype Give isolated from one of two hundred asymptomatic pigs. The 
predominant genes found in these Nigeria serotypes include: TEM, SHV, GES, OXA-2, ACCM, FOX, 
ECBM and DHAM. The presence of these plasmid-borne genes underscores the potential health risk of 
antibiotic resistance transfer from food animals to human in Nigeria because third-generation 
cephalosporin drugs are still the drug of choice in treating life-threatening systemic infections in 
Nigeria. 
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INTRODUCTION 
 
Non-typhoidal Salmonella spp. have been described as 
major pathogens associated with food-borne gastro-
enteritis worldwide (Threlfall, 2002). While antibiotics are 
not usually recommended in cases of Salmonella 
enterocolitis, their use for therapeutic purpose becomes 
important when the pathogen becomes invasive as in 
meningitis, sepsis and bacteraemia (Threlfall, 2002). In 
cases of such life-threatening complications, fluoro-
quinolones and extended-spectrum cephalosporins are 
usually the drug of choice (Hohmann, 2001). The use of 
the extended-spectrum cephalosporins are however, 
particularly recommended when children are involved 
because of fluoroquinolone-mediated chondrotoxicity in�in 
this group (Hohmann, 2001). Following the occurrence  of  
 
 
 
*Corresponding author. E-mail: ao.ogunleye@mail.ui.edu.ng, 
peculiarj@yahoo.com. Tel: +2348054461821.�

lactamases (ESBLs) and AmpC-type beta-lactamases, 
resistance to the extended-spectrum cephalosporins 
among members of the family Enterobacteriaceae has 
since grown to be a worldwide public health problem 
(Bradford, 2001). The principal mechanism of resistance 
to the extended-spectrum beta-lactam antibiotics involves 
the production of ESBLs and AmpC beta-lactamases in 
Enterobacteriaceae (Shahada et al., 2010). The ESBLs 
hydrolyze oxyimino-cephalosporins and monobactams, 
but not cephamycins and they can sometimes be 
inhibited by clavulanic acid (CVA) (Shahada et al., 2010). 
The AmpC beta–lactamases on the other hand hydrolyze 
cephamycins and cephalosporins but are not inhibited by 
CVA (David et al., 2006). 

Salmonellae have been reported to express different 
types of ESBL types such as TEM, SHV, PER, OXA and 
CTX-M enzymes (AitMhand et al., 2002; Baraniak et al., 
2002; Bradford et al., 1998; Casin et al., 2003; Hanson et 
al., 2002; Revathi et al., 1998; Villa et  al.,  2000)  as  well 
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as plasmid-mediated AmpC-type beta-lactamases 
(Hanson et al., 2002; Pitout et al., 2003; Rankin et al., 
2002). More than 340 beta-lactamases have been 
described in Salmonella (Hasman et al., 2005) and the 
prevalence of genes encoding for them varies region by 
region (Winokur et al., 2001). There is however a paucity 
of information on the genes encoding these beta-
lactamases, despite resistance to beta-lactam drugs in 
Salmonella isolated from humans and food animals in 
Nigeria (Ogunleye et al., 2005, 2010b). The current study 
characterizes five multidrug resistant Salmonella isolates: 
four isolated from septic poultry in Nigeria (Ogunleye et 
al., 2010a) and one isolated from one out of two hundred 
asymptomatic healthy pigs from the commercial section 
of the University of Ibadan Teaching and research farm. 
Isolates were screened for fourteen possible genes 
encoding a variety of beta-lactamases responsible for 
resistance to some third generation cephalosporins that 
are still very much in use for treatments of human 
infection in Nigeria. 

Our results identified some genes encoding beta-
lactamases capable of causing transferable resistance in 
animals and human, thus constituting a potential public 
health risk. 
 
 
MATERIALS AND METHODS 
 
The Salmonella isolate 
 
Four of the five multidrug resistant Salmonella isolates used for this 
study were isolated from organs of septic poultry in commercial 
poultry farms in Nigeria (Ogunleye et al., 2010a, b). The other 
isolate originated from one out of two hundred asymptomatic pigs 
screened from the commercial section of the University of Ibadan 
Teaching and Research Farm in Nigeria. Bacteria were isolated 
according to standard methods (Barrow and Feltham, 1993). 
 
 
Serotyping of the isolate 
 
The isolates were sub-cultured into TSA agar and submitted to 
National Veterinary Service Laboratories in Ames, Iowa, USA for 
serotyping. Serotyping was performed as per the Kauffman-White 
Scheme. 
 
 
Determination of resistance to cefotaxime, ceftazidime, 
cefovecin, ceftriaxone, cefpirome and ceftiofur 
 
Bacteria were grown aerobically in breakpoint concentrations (32 
µg/ml) of cefotaxime, ceftazidime, cefovecin, ceftriaxone, cefpirome 
and ceftiofur (all obtained from SIGMA-ALDRICH) according to 
standard method (CLSI, 2009). Resistance was ascribed if floccu-
lent growth was observed after 16 h of aerobic growth at 37°C. 
 
 
Isolation of cosmid plasmid DNA 
 
Plasmid DNA was isolated from each of the five resistant 
Salmonella isolates using QIAGEN(R) Large-Construct Kit 
(QIAGEN Companies) as per the manufacturer’s protocol. 

 
 
 
 
Amplification of the genes encoding 3rd generation 
cephalosporin resistance 
 
Fourteen sets of primers (forward and reverse oligosequences 
shown in Table 1), targeted the following gene classes: TEM, SHV, 
CTX, PER, DHAM, VEB, GES, OXA2, ACCM, CITM, FOXM, 
ECBM, MOX and OXA10 were used to amplify the respective 
genes from plasmid DNA. PCR was performed in a 50 �l reactions 
containing 5 �l of 10X Buffer, 3 �l of 1.5 mM MgCl2, 3 �l each of 
250 µM of each deoxynucleoside triphosphate, 2 �l each of 10 pmol 
of the respective forward and reverse primers, 0.5 �l of Taq 
polymerase and 2 �l of Cosmid plasmid DNA template and 32.5 �l 
of water. BIO-RAD MJ mini personal thermal cycler was used for 
the DNA amplification using the following PCR protocol: initial 
denaturation at 95°C for 2 min, followed by 40 cycles of 95°C for 1 
min, 53°C for 30 s and 70°C for 45 s. Amplified DNA products were 
resolved using 1% (w/v) agarose gel electrophoresis. 
 
 
RESULTS 
 
Serotype analysis showed two of the four poultry isolate 
as S. enterica serotype Kentucky. One of the two was on-
ly resistant to cefpirome at 32 µg/ml breakpoint, while in 
addition the second one was also resistant to ceftazidime 
as shown in Table 2. The remaining two poultry isolates 
were 9, 12: Nonmotile presumably, Salmonella enterica 
serotype Pullorum that have lost their respective 1 
antigens due to sub-culturing. One of them was resistant 
to ceftriaxone, ceftiofur and cefpirome, whereas the 
second one was only resistant to cefpirome (Table 2). 
The Salmonella isolate from one of the apparently 
healthy pigs was S. enterica serotype Give and was only 
resistant to ceftriaxone at 32 µg/ml breakpoint. As shown 
in Figure 1, PCR studies revealed that of the fourteen 
gene screened for in the five Salmonella isolates, S. 
enterica serotype Give from pig contained: TEM, SHV, 
GES, OXA2, ACCM, FOX and ECBM. The cefpirome 
resistant S. enterica serotype Kentucky from poultry 
possessed: TEM, SHV, DHAM, OXA2, ECBM, whereas 
the Salmonella Kentucky resistant to both ceftazidime 
and cefpirome does not carry any of the fourteen genes 
screened. Also the cefpirome resistant Salmonella 
Pullorum strain possessed: TEM, SHV, DHAM, GES and 
ECBM, while ceftriaxone, ceftiofur and cefpirome 
resistant strain does not possess any of the fourteen 
genes. 
 
 
DISCUSSION 
 
Salmonella organisms have been reported to express 
varieties of extended spectrum beta-lactamases 
 
Some beta-lactamases that have been described in 
Salmonella include TEM, SHV, CTX-M, PER and OXA 
families, as well as CMY-2 AmpC-type (Armand-Lefevre 
et al., 2003; Hanson et al., 2002). Sometimes some of 
these genes  can  occur  in  multiples  in  a  single  isolate 
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Table 1. Fourteen beta- lactamases gene targeted in the study, the primers oligosequences and related beta-lactamases. 
 

Resistance gene Base pairs number Oligosequence Related enzyme(s) 

TEM 931 
F = 5´TCCGGTCATGAGACAATAACC3´ 

TEM1-TEM190. 
R = 5´TTGGTCTGACAGTTACCAATGG3´ 

    

SHV 868 
F = 5´TGGTTATGCGTTATATTCGCC3´ 

SHV1-SHV63 
R = 5´GGTTAGCGTTGCCAGTGCT3´ 

    

CTX 909 
F = 5´TCTTCCAGAATAAGGAATCCC3´ 

CTX-M-1-CTX-M-82. 
R = 5´CCGTTTCCGCTATTACAAA3´ 

    

PER 927 
F = 5´ATGAATGTCATCACAAAATG3´ 

PER1 and PER2 
R = 5´TCAATCCGGACTCACT3´ 

    

DHAM 405 
F = 5´AACTTTCACAGGTGTGCTGGGT3´ 

DHA1 and DHA2. 
F = 5´CCGTACGCATACTGGCTTTGC3´ 

    

VEB 914 
F = 5´GATAGGAGTACAGACATATG3´ 

VEB1 and VEB2. 
R = 5´TTTATTCAAATAGTAATTCCACG3´ 

    

GES 864 
F = 5´ATGCGCTTCATTCACGCAC3´ 

GES1and GES 2. 
R = 5´CTATTTGTCCGTGCTCAGG3´ 

    

OXA-2 478 
F = 5´AAGAAACGCTACTCGCCTGC3´ 

OXA1, OXA2 andOXA15. 
R = 5´CCACTCAACCCATCCTACCC3´ 

    

ACCM 346 
F = 5´AACAGCCTCAGCAGCCGGTTA3´ 

ACC only. 
R = 5´TTCGCCGCAATCATCCCTAGC3´ 

    

CITM 462 
F = 5´TGGCCAGAACTGACAGGCAAA3´ 

LAT1-LAT4, CMY2-CMY7, BIL1. 
R = 5´TTTCTCCTGAACGTGGCTGGC3´ 

    

FOXM 190 
F = 5´AACATGGGGTATCAGGGAGATG3´ 

FOX1-FOX5b. 
R = ´CAAAGCGCGCGTAACCGGATTGG3´ 

    

ECBM 302 
F = 5´TCGGTAAAGCCGATGTTGCGG3´ 

MIR-1T and ACT-1. 
R = 5´CTTCCACTGCGGCTGCCAGTT3´ 

    

MOX M 520 
F = 5´GCTGCTCAAGGAGCACAGGAT3´ MOX1, MOX2, CMY-1, CMY8-

CMY11. R = 5´CACATTGACATAGGTGTGGTGC3´ 
    

OXA 10 720 
F = 5´GTCTTTCGAGTACGGCATTA3´ OXA10, OXA17, OXA56, OXA79, 

OXA16, OXA14. R = 5´ATTTTCTTAGCGCAACTTAC3´ 
 
 
 
(Armand-Lefevre et al., 2003; Hanson et al., 2002). All 
across the globe, there has been various reports incrimi-
nating Salmonella serotypes like S. enterica serotype 
Typhimurium, S. enterica serotype Seftenberg, S. 
enterica subspecies enterica serotype othmarschem pro-
ducing TEM, SHV, PER and CTX related beta lactamases 

in nosocomial infections. For instance, in Tunisia, Turkey, 
Morocco, Algeria, South Korea, and United Kingdom, 
such reports have been documented (AitMhand et al., 
2002; Bouallegue-Godet et al., 2005; Hammami et al., 
1991; Morosini, 1996; Naas et al., 2005; Yong et al., 
2005). This study describes the characterization of five S. 
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Table 2. Salmonella serotypes studied their animal sources and the respective 3rd generation 
cephalosporin antibiotic resistance pattern. 
 

Salmonella serotype Animal source Antibiogram 
Give pig Ceftriaxone 
Kentucky Poultry Cefpirome 
Pullorum (presumptive) Poultry Cefpirome 
Pulorum (presumptive) Poultry Ceftriaxone, Cefpirome, Ceftiofur 
Kentucky Poultry Ceftazidime, cefpirome 

 

The Salmonella Pullorum in this study were serotyped as 9, 12: NM, which we presume to be pullorum in 
which the 1 antigen was lost during subculturing. 

 
 
 

 
 
Figure 1. Illustration of the respective genes amplified by the primers in the five Salmonella serotypes isolated 
from poultry and pig from Nigeria. 

 
 
 
enterica serotypes isolated from septic poultry and from 
one out of two hundred apparently healthy pigs in Nigeria 
(Ogunleye et al., 2010a, b). The characterization was 
based on some genes (n = 14) responsible for 3rd gene-
ration cephalosporin resistance as shown in Table 1. The 
ceftriaxone resistance observed in the Salmonella Give 
from this study (Table 2) could have been conferred by 
any of the genes present in this isolate, namely: TEM, 
SHV, GES, OXA2, ACCM, FOX, ECBM as shown in 
Figure 1 or due to a novel TEM. All these genes having 
been earlier reported in some cephalosporin resistant 
Salmonella serotypes such as: Salmonella serotypes 
Wien (Hammami et al., 1991), Typhimurium (Garbarg-
Chenon et al., 1989), Mbandaka (Issak et al., 1995), 
Salmonella serotype Typhimurium (AitMhand et al., 
2002), Salmonella serotype Senftenberg (Koeck et al., 
1997), and  in  Salmonella  serotype  Livingstone  (Rhimi- 

Mahjoubi et al., 2002) in North Africa for example. 
The cefpirome resistances in one of the Salmonella 

Kentucky and one Salmonella Pullorum are thought to be 
due to the presence of TEM genes present in these 
isolates, while other genes like SHV, DHAM, GES, ECBM 
and OXA-2 are inactive for the cefpirome resistance. 
However, the non observance of any of the fourteen 
screened genes in the ceftazidime and cefpirome 
resistant Salmonella Kentucky, as well as in ceftriaxone 
and ceftiofur resistant Salmonella Pullorum as indicated 
in Table 2 and Figure 1 is suggestive of the fact that the 
resistance in these two isolates may have been conferred 
by some other unique gene(s). Since the emergence of 
Salmonella isolates harbouring extended-spectrum beta-
lactamases (ESBLs) and AmpC beta-lactamases, it has 
grown to be a major public health problem worldwide 
(Bonnet,      2004).     Resistance     to      third-generation  

Salmonella serotypes ���������������������
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Beta-lactams in Salmonella which often results from the 
production of plasmid-mediated Ambler class A or C 
(AmpC type) extended-spectrum beta-lactamases 
(ESBLs) has been reported worldwide (Parry, 2003). In 
Nigeria however, there are paucity of such reports both in 
Salmonella serotypes from human and food animal 
origin. This work thus provides an initial database for 
genes responsible for 3rd generation cephalosporin resis-
tance in Salmonella strains isolated from food animals 
from some parts of South Western states of Nigeria. The 
findings in this work expose the possible health risk in 
terms of transfer of drug resistance from these food 
animal to man. Third-generation cephalosporins are still 
the drug of choice in treating some life threatening 
infections in Nigeria. 

Should these resistance be transferred from food 
animals to man, it can jeopardize success of effective 
treatment thus constituting a potential grave public health 
hazard. 
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