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Abstract
Background and Objective: The global antibiotic resistance threat posed by ESBL and AmpC-producing Gram-Negative Bacteria (GNB)
is a public health menace that rolls back the gains of ‘One Health’. This study investigated the antibiogram and prevalence of AmpC and
ESBL genes in  Escherichia  coli,  Klebsiella  spp. and  Pseudomonas  spp. from poultry and abattoir milieus in Enugu and Ebonyi States,
Nigeria. Materials and Methods: Isolation, identification and characterization of GNB from samples (150 abattoirs and 300 poultry) were
done using standard microbiological techniques. Antimicrobial Susceptibility Testing (AST), as well as phenotypic screening for ESBL and
AmpC enzymes, was performed using the Kirby-Bauer disc diffusion technique. PCR technique was used to screen isolated GNB for AmpC
and ESBL genes. Results: Exactly 42  E.  coli  and 8  Klebsiella  spp. isolate from poultry samples and another 5  P.  aeruginosa  isolates from
abattoir samples were phenotypically confirmed to be ESBL-producers. AmpC enzymes were phenotypically detected in 8   E.  coli  and
13  P.  aeruginosa  isolates from poultry samples. All ESBL and AmpC-positive bacteria exhibited high resistance frequencies to tested
antibiotics,  especially  to  the  carbapenems  and cephalosporins. ESBL genes (CTX-M, SHV-1, TEM) and AmpC genes (ACC-M, MOX-M,
DHA-M) were harbored by the isolated GNB in this study. Overall, the DHA-M and CTX-M genes, mediating AmpC and ESBL production
respectively were the most prevalent genes harbored by the tested GNB. Conclusion: This study reported that AmpC and ESBL genes are
harbored by Gram-negative bacteria (E.  coli,  Klebsiella  species  and  P.  aeruginosa) that emanated from poultry and abattoir milieus. 
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INTRODUCTION

Globally, antibiotic-resistant bacteria still pose a threat to
public health. The increasing prevalence of antibiotic-resistant
microorganisms, especially those with multidrug resistance
mechanisms (such as extended-spectrum beta-lactamases,
AmpC and Metallo-beta-lactamases) is of global concern as
they are known to make the treatment of bacterial related
infections difficult1. The presence of beta-lactamase enzymes
in a clinical setting  plays  a  very  critical role in the selection
of appropriate  therapy  because the majority of the antibiotics
(e.g., cephalosporins, carbapenems and penicillins) they
hydrolyze  are  included  in  the  preferred  treatment regimens
for treat many bacterial related infections2. Extended-
spectrum     $-lactamases    (ESBLs)    are    plasmid-mediated
$-lactamase  enzymes  that  hydrolyze and confer resistance
to broad-spectrum cephalosporins but are inhibited by
clavulanic acid1,3.  On  the  other  hand,  AmpC $-lactamases
are clinically important cephalosporinases encoded on the
chromosomes  of  many  Enterobacteriaceae  and   a  few
other bacteria where they mediate resistance to some
cephalosporins and most penicillins1. The presence of
resistance genes that mediate the production of ESBLs and
AmpC in Gram-Negative Bacteria (GNB) including
Pseudomonas aeruginosa, Escherichia coli and Klebsiella
pneumoniae  gives these pathogens the exceptional ability to
resist the antimicrobial onslaught of some potent antibiotics3.
This makes it difficult to select the right therapy for treating
infections caused by this resistant GNB because of their
multidrug resistance nature.  Antibiotic-resistant GNB is
among the many bacterial pathogens responsible for most
nosocomial  and  community-acquired infections in the
world3-5. Resistance of microbes to antimicrobial agents
represents a major and serious problem in the health sector,
making antibiotic selection for treatment a little more difficult
as some of these organisms are multidrug-resistant6,7.
Multidrug resistance among many organisms has become a
big challenge to infectious disease management. It is
increasingly being reported in bacteria and is often mediated
by genetic mobile elements such as plasmids, transposons
and integrons7,8. The use of antibiotics for the propagation of
farm animals and poultry birds could contribute a great deal
in the evolution and spread of resistant bacteria in the
community. The undue disposal of abattoir and poultry wastes
containing resistant organisms into the environment could
also contribute to the spread of resistant GNB. This study
investigated the occurrence and distribution of some
antibiotic resistance genes in GNB, such as Escherichia coli,
Klebsiella  species and  Pseudomonas  spp. from abattoir and
poultry milieus in Enugu and Ebonyi States, Nigeria.

MATERIALS AND METHODS

Study area: This study was carried out in the Department of
Applied Microbiology Laboratory, Faculty of Science, Ebonyi
State University, Nigeria from March, 2018-July, 2019.

Ethical approval: Ethical clearance for this study was obtained
from the local ethics committee of Ebonyi State University,
Abakaliki, Nigeria. All samples were processed and handled
according to all relevant national and international
regulations. The research was carried out in collaboration with
the Ministry of Agriculture and Animal Breeding, Ebonyi State,
Nigeria.

Sampling     collection    and    bacteriological     analysis:
Non-duplicate abattoir (n = 150) and poultry (n = 300) swab
samples were collected from a various abattoir and poultry
farms in Enugu and Ebonyi States in Nigeria. All samples were
bacteriologically analyzed using standard microbiology
techniques including culture, microscopy, biochemical testing,
as well as morphological and colonial features of the bacteria
on selective culture media9.

Antimicrobial  susceptibility  testing:  Antimicrobial
susceptibility testing was carried out using antibiotic discs
namely; aztreonam (30 µg), ceftazidime (30 µg), amoxicillin-
clavulanic acid (30 µg), ceftriaxone (30 µg), cefotaxime (30 µg),
cefoxitin (30 µg), imipenem (10 µg), mupirocin (300 µg),
sulfamethoxazole-trimethoprim (30 µg), doxycycline (30 µg),
colistin  sulphate  (10 µg), polymyxin B (300 µg), gentamicin
(10 µg) and ciprofloxacin (5 µg) as per the guidelines of
Clinical Laboratory Standards Institute (CLSI)  and  according
to a previous  methodology10.  Overnight  culture of the  test
E.  coli,  Klebsiella  and  Pseudomonas  species  (adjusted  to
0.5 McFarland turbidity standards) were aseptically inoculated
on Mueller-Hinton (MH) agar plate(s) and incubated at 37EC
for 18-24 hrs. Antibiotic susceptibility results were recorded
and interpreted as resistant, intermediate and susceptible
according to the CLSI guidelines10.

Phenotypic detection of ESBL and AmpC enzymes: The
presence of ESBL and AmpC enzymes in the test bacteria was
phenotypically determined using a double disk synergy test
(for ESBL) and disk approximation test (for AmpC enzymes)
according to previously described methodology11. AmpC
enzyme production was phenotypically confirmed when
isolates showed obvious blunting or flattening of the zones of
inhibition between ceftazidime (CAZ), imipenem or
cefotaxime (CTX) discs adjacent to the cefoxitin disc used. A
>5 mm  increase  in  inhibition  zone  diameter for either of the
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Table 1: Primers used for PCR analysis of different antibiotic resistance genes 
Primer name Primer sequence direction Amplicon size (bp)
DHA-M F AACTTTCACAGGTGTGCTGGGT 445
DHA-M R CCGTACGCATACTGGCTTTGC
FOX-1 F AACATGGGGTATCAGGGAGATG 747
FOX-1 R CAAAGCGCGTAACCGGATTGG
blaTEM F ATGAGTATTCAACATTTCCG 850
blaTEM R CCAATGCTTAATCAGTGAGC
blaSHV F CTTTACTCGCTTTATCG 445
blaSHV R TCCCGCAGATAAATCACCA
blaCTX- M F CCCATGGTTAAAAAATCACTG 747
blaCTX- M R CCGTTTCCGCTATTACAAAC

cephalosporins  (CAZ and CTX) was tested in combination
with amoxicillin-clavulanic acid (20/10 µg) compared to its
zone when tested alone confirms ESBL production
phenotypically.

DNA extraction from bacterial isolates: Genomic DNA was
extracted using the ZR Fungal/Bacterial DNA MiniPrep™ kit
according to the manufacturer’s protocol. After this, aliquot
DNA extracted was stored at -20EC for further analysis. The
quality of extracted DNA was assessed and confirmed using
1% agarose gel electrophoresis12. Purified DNA was quantified
using the NanoDrop spectrophotometer (Thermo Scientific,
USA).

PCR screening for ESBL and AmpC resistance genes: All
bacterial isolates that showed positive results after phenotypic
screening for ESBL and AmpC enzymes were assessed for the
presence of ESBL and AmpC genes by PCR according to
procedures described by Kolar et al.13. Primers and targeted
amplicon sizes are shown in Table 1. Validation of all primers
was done before PCR. The PCR mastermix (50 µL) comprised
5×GoTaq (10 µL), 25 mM MgCl2 (3 µL), dNTPs (10 mM) 1 µL,
forward primer (1 µL), reverse primer (1 µL), 10 pmol 1 µL, DNA
Taq (1000 U) 25 µL, Ultrapure Water 8 µL. The PCR was
performed as follows: initial denaturation  at  95EC for 5 min;
35 cycles of denaturation at 96EC for 30 sec, the annealing
temperature of 58EC for 90 sec, elongation at 72EC for 60 sec;
and a final 10 min extension step at 72EC.

RESULTS 

Table 2 shows the distribution of bacteria isolated from
the various samples bacteriologically analyzed in this study. 
A total of 42 (45.65%)  E.  coli  and 8 (100%) Klebsiella  spp.
isolates were confirmed to be ESBL-producers from poultry
samples. On the other hand, a total of 5 (100%)  P.  aeruginosa
isolates   were   phenotypically   confirmed  as  ESBL producers.

Fig. 1: Susceptibility and resistance profile of the AmpC and
ESBL-producing isolates
ATM:        Aztreonam,      CAZ:      Ceftazidime,      CRO:       Ceftriaxone,
CTX: Cefotaxime, FOX:  Cefoxitin,  IPM:  Imipenem,  MUP:  Mupirocin,
SXT: Sulfamethoxazole-trimethoprim, DO: Doxycycline, CT: Colistin
sulphate, PB: Polymyxin B, CN: Gentamicin and CIP: Ciprofloxacin

In contrast, 50 (54.35) E. coli were confirmed to be ESBL-
producers from abattoir samples while Klebsiella  pneumoniae
and P. aeruginosa were not isolated. In this study, AmpC
enzyme  production  was  phenotypically  detected  in   33%
E.  coli  isolates, 85% Klebsiella spp. and 5% P. aeruginosa
isolates. ESBL-producing  Escherichia  coli  isolates from
poultry samples were susceptible to a handful of the tested
antibiotics including imipenem [42 (100.00%)], ciprofloxacin
[40 (95.24%)], gentamicin [38 (90.48%)], polymyxin B [37
(88.10%)], cefoxitin [35 (83.33%)], colistin sulphate [34
(80.95%)], sulfamethoxazole- trimethoprim [30 (71.43%)],
ceftazidime [15 (35.71%)] and mupirocin [15 (35.71%)].
However, isolates showed reduced susceptibility to
cefotaxime, mupirocin, ceftazidime, aztreonam, cefoxitin,
polymyxin B, gentamicin and ciprofloxacin (Fig. 1). 

ESBL gene phenotypes including CTX-M, SHV-1 and TEM
genes were detected by PCR in the test Gram-negative isolates
(Fig. 2). Overall, the CTX-M ESBL genes were most prevalent in
the test isolates-indicating a high level of resistance to the
cefotaxime antibiotic in the third generation cephalosporin
family. On the other hand, the genes that mediate AmpC
enzymes in the test Gram-negative bacteria was also detected
by PCR, with the DHA-M gene being the most prevalent AmpC
gene detected (Fig. 3). 
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Fig. 2: Electrophoretogram showing PCR detection of CTX-M-ESBL gene in the gram-negative bacterial isolates 
Lane  M  is  the  DNA  marker/ladder.  Lanes  8,  12-14,  17,  19  and  21 are lanes showing amplified DNA products-indicative of CTX-M genes or genotypes.
Lane 1-7, 9, 10, 15, 16, 18, 20 and 22-25 are lanes showing isolates without amplified DNA products. Lane 26 is the negative control which contains nuclease
free water

Fig. 3: Electrophoretogram showing PCR detection of DHA-M AmpC gene in the Gram-negative bacterial isolates 
Lane M is the DNA marker/ladder, Lanes 11-14 are lanes showing amplified DNA products-indicative of DHA-M genes or genotypes. Lane 5, 6 and 8 are lanes
showing isolates without amplified DNA products. Lane 7 is the negative control which contains nuclease free water

Table 2: Distribution of isolated gram-negative bacteria 
Escherichia coli Klebsiella  species Pseudomonas  aeruginosa

Sample ----------------------------------------------- ----------------------------------------------- ----------------------------------------------
source Number Percentage Number Percentage Number Percentage
Poultry 42 45.65 8 100 5 100
Abattoir 50 54.35 - -

DISCUSSION 

The global antibiotic resistance threat posed by ESBL and
AmpC-producing  Gram-Negative  Bacteria  (GNB),  is  a  public

health menace that rolls back the gains of ‘One Health’ and
thus renders some available antibiotics inefficacious for clinical
use. This study investigated the occurrence and distribution of
some resistance genes in Gram-Negative Bacteria (GNB) such
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as  Escherichia  coli,  Klebsiella  spp. and  Pseudomonas  spp.
from abattoir and poultry in Enugu and Ebonyi State. These
organisms pose a public health risk because of their ability to
act as a reservoir for the transmission of antibiotic resistance
genes ARGs in both human and animal populations. In this
study,  ESBL  production was phenotypically confirmed in 42
E.  coli,  8  Klebsiella  spp. and 5  P.  aeruginosa  isolates. AmpC
enzyme production in the test GNB was  also  observed in
more than 50% of the tested organisms in this study. The
production of ESBL by the test Gram-negative bacteria in this
study was unprecedented and accounts for the probable
irrational use of antibiotics for the propagation of animals and
poultry birds in this part of the world. This corroborates
previous studies conducted in the southwest and southeast
Nigeria in which ESBL and AmpC enzyme production was
reported at a rate lower than what we reported in this
study11,14,15. In India and Iran, the prevalence of AmpC was
reported to be 12.5 and 37.2%, respectively16,17 and this result
is lower than that reported in our study. The actual prevalence
of ESBL and AmpC enzyme-producing Gram-negative bacteria
in Nigeria, especially from abattoir and poultry samples is not
known. This could probably be due to limited surveillance
studies on such multidrug resistance organisms in this region,
but studies like ours gives impetus to the growth and
spreading nature of these unique class of multidrug-resistant
microbes that could impact our healthcare system because of
their ability to be transmitted in human population via the
food chain. Our results also show that ESBL and AmpC-
producing bacteria were multiply-resistant to the tested
antibiotic classes used, especially to the cephalosporins,
antimetabolites, aminoglycosides, fluoroquinolones and
aztreonam. Strikingly, all  the  AmpC and ESBL-positive
bacteria were markedly found to show complete susceptibility
to carbapenems, such as imipenem which is an important
antibiotic  used  clinically  for  the  treatment and
management  of  microbial   infections   including those
caused by multidrug-resistant bacteria such as ESBL and
AmpC positive organisms11,18-20. Gram-negative bacteria
producing ESBL and AmpC enzymes have been previously
reported    to  show  resistance  to  both  beta-lactam  and
non-beta-lactam antibiotics as reported in this study15,16. The
emergence and transmission of bacteria harboring genes for
the production of AmpC and ESBL enzymes portend grave
danger to the healthcare sector because it limits the options
for antimicrobial therapy targeted at infections caused by the
pathogens. In this study, we reported the prevalence and
distribution of AmpC and ESBL genes amongst the tested GNB
investigated. The AmpC resistance genes detected by PCR

include ACC-M, MOX-M and DHA-M genes while the ESBL
genes that were detected by PCR included CTX-M, SHV-1 and
TEM genes. While the DHA-M gene was the most prevalent
AmpC gene detected by PCR, the CTX-M gene was the most
prevalent ESBL gene detected in this study. CTX-M and DHA-M
genes have been reported to cause an increase in the
treatment failure of some bacterial infections; including
complicated and  uncomplicated  UTIs  due  to ESBL and
AmpC enzyme production in some priority resistance
pathogens17,21,22. The levels of ESBL and AmpC enzyme
producers as observed in our study are a major threat to
infection control, treatment and management because they
contribute  to treatment failures as reported in this study.
ESBL-producing organisms are known to contain plasmids
harboring genes that encode resistance phenotypes to a wide
variety of antibiotics1,8,18. Studies give impetus to the threat
posed by antibiotic resistance which has the power to usher
the world into a post-antibiotic era if nothing is done to
contain it. We, therefore, recommend strict surveillance
measures to monitor the emergence and community spread
of antibiotic-resistant bacteria in abattoirs and poultry farms.

CONCLUSION

This study reported the emergence and spread of some
priority resistance bacteria; including E.  coli, Klebsiella  species
and P. aeruginosa that produce AmpC- and ESBL enzymes
which confers on pathogens the ability to resist the
antimicrobial onslaught of some available antibiotics. The
presence of AmpC and ESBL-producing bacteria in poultry and
abattoir milieus in this study is worrisome because they could
serve as reservoirs for the transmission of antibiotic resistance
genes (ARGs) in the human population.

SIGNIFICANCE STATEMENT

This  study  has  shown  that  multidrug-resistant  ESBL
and AmpC-producing Gram-negative bacteria are present in
the food chain in South-Eastern Nigeria. Interestingly, our
study showed that  bacterial  isolates  exhibited  a  broad
range of resistances to cephalosporins, antimetabolites,
aminoglycosides, fluoroquinolones and aztreonam while
displaying complete susceptibility to carbapenems, such as
imipenem. Our study will provide a baseline template for
future surveillance studies on the prevalence of multidrug-
resistant bacteria in food sources in Nigeria so as to help in
combating the increasing menace of antibiotic resistance
which is a serious public health problem.
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