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Abstract

Background: The presence of antibiotic resistant microorganisms in food is of great concern globally. This research
was carried out to detect and characterize plasmid carriage and profiles among members of Enterobacteriaceae
from different meat types in Nigeria.

Method: From a total of 80 meat samples comprising of mutton, pork, beef and chicken, organisms belonging to
the family Enterobacteriaceae were isolated by standard procedures and identified by API 20E system. Antibiotics
susceptibilities testing (AST) against selected classes of antimicrobial agents and plasmid extraction was carried out
by disc diffusion and alkaline lysis methods respectively.

Results: One-hundred and ten Enterobacteriaceae were isolated, species identification revealed isolates belonging
to 7 genera comprising of Escherichia, Enterobacter, Klebsiella, Citrobacter, Proteus, Salmonella and Serratia. Overall
resistance of the organisms to amoxycillin/clavulanic acid was 91 (82.7%), streptomycin 85 (75.7%) and perfloxacin
74 (67.2%) while ofloxacin had the highest susceptibility rate (91.8%). Plasmids profiling revealed ranges of plasmids
from1 to 3 copies with estimated sizes range of 700bp to 1.1kb among E. coli, K. pneumoniae, E. aerogenes and
Proteus mirabilis. All the isolates with plasmids were multidrug resistant and were isolated from chicken except a
strain of E. coli from pork which harboured a single plasmid copy suggesting these meat as reservoirs for antibiotic
resistant bacteria.

Conclusion: Our findings revealed high level of meat contamination with antibiotic resistant Enterobacteriaceae
harbouring resistant plasmids. An integrated surveillance system and safety practice must be ensured among the
processors and retailers.
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Introduction
Foodborne disease associated with contaminated meats and
meat products is a major public health issue. Inadequate food
handling practices such as poor sanitation exercise, weak or
poor safety laws, and regulatory system enforcements, lack of
enlightenment, and infection awareness are some of the
major factors promoting foodborne diseases in developing
countries [1]. The microbiological quality of any meat

depends on the health and physical status of the animal at
the point of slaughter, handling, environmental hygiene, and
storage [2].
The family Enterobacteriaceae consists of a large heteroge-

neous group of Gram-negative rod-shaped bacteria that are
naturally found in the mammalian gut although can also be
found in other environments. They are useful indicators of
food quality, hygiene, and contamination, examples include
Escherichia coli, Salmonella spp. and Shigella spp. Enterobac-
teriaceae is responsible for a range of enteric infections such
as diarrhea and endocarditis, to infections of the respiratory

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: deliniz@yahoo.com
Department of Microbiology, Faculty of Science, University of Lagos,
Akoka-Yaba, Lagos, Nigeria

One Health OutlookUzeh et al. One Health Outlook            (2021) 3:10 
https://doi.org/10.1186/s42522-021-00042-x

http://crossmark.crossref.org/dialog/?doi=10.1186/s42522-021-00042-x&domain=pdf
http://orcid.org/0000-0001-8316-5174
http://creativecommons.org/licenses/by/4.0/
mailto:deliniz@yahoo.com


tract, skin, soft-tissues, urinary tract, joints, bones, eyes and
central nervous system [3].
Contamination of meat and meat products by

antibiotic-resistant pathogenic members of Enterobacteri-
aceae is of great concern globally because of the health
consequences which in some cases result in high mortal-
ity. Reports of elevated antibiotic resistance and dissemin-
ation among these foodborne pathogens have also been
previously reported [4, 5]. Antibiotic use in livestock pro-
duction is sometimes unavoidable because of the treat-
ment of infections caused by different microorganisms
which may not be readily preventable due to lack of vac-
cines. It is however true that these antibiotics are some-
times given at a sub-therapeutic dosage and this often
leads to selective pressure and proliferation of antimicro-
bial resistance and spread among the animal intestinal
flora. Escherichia coli and other members of Enterobacte-
riaceae have been described with high proficiency for
transmission of antibiotic resistance genes via mobile gen-
etic elements such as plasmids and integrons to other in-
testinal organisms [6].
Meat is a nutrient-rich food with a vital amount of

proteins, vitamins and minerals as well as great bioavail-
ability than most other foods [7]. It is highly consumed
in Nigeria even though it has been recognized as one of
the main vehicles responsible for the transmission of
foodborne pathogens to humans [8]. The initial exposure
of meat to the gut content of food animals during
slaughtering serves as a predisposing factor for meat
contamination with members of Enterobacteriaceae and
subsequently, during processing and post-process while
on retail, from environmental sources and handlers.
Considering foodborne outbreaks by pathogenic mem-
bers of Enterobacteriaceae vis a viz. pathogenic strains of
Escherichia coli, Salmonella, Shigella, Klebsiella, etc. it
becomes imperative to continuously carry out surveil-
lance of meat contamination by pathogenic organisms.
Data obtained from the contamination of meat by En-
terobacteriaceae and their antibiotic resistance profile
will be valuable for the logical assessment of the safety
of meat as to well as elucidate further, the possible
transmission of antibiotic resistant foodborne pathogens
through contaminated meat to consumers.
The present study aimed to detect members of Entero-

bacteriaceae in locally processed meat samples and to in-
vestigate the presence of plasmids as a mode of
antibiotic resistance gene transmission among them.

Materials and methods
Sample collection
A cross-sectional study was conducted on processed retail
meat to determine the bacteriological quality and anti-
biotic susceptibility of Enterobacteriaceae in the Lagos
metropolis. The sampling criterion applied was the simple

random sampling method. A total of 80 samples of retail
meat [comprising of mutton (n = 20), pork (n = 20), beef
(n = 20), and chicken (n = 20)] were randomly purchased
from retail points at Agege, Obalende, Mushin, and Bariga
(sampling areas) in Lagos Metropolis from March to June
2019. The sampling areas were randomly selected from
the two major zones that constitute Lagos State- Lagos
Mainland and Lagos Island. The meat samples were col-
lected in Ziploc bags and immediately transported to the
laboratory for microbiological analysis.

Sample analysis
All meat samples were assayed for the presence of any
member of Enterobacteriaceae by weighing 25 g of each
meat sample aseptically and added to 225 ml of sterile
0.1 % buffered peptone water and blended for 2 min. in
sterile stomacher bag [9]. Tenfold serial dilutions of up to
106 were made from the homogenized sample and 1ml
from each final dilution was plated on Petri dishes con-
taining different agars of MacConkey, Eosin Methylene
Blue, Salmonella-Shigella and incubated for a minimum
of 24 h until visible growths were observed. Isolates were
subculture based on their phenotypic appearances and co-
lonial morphologies, for instance, isolates that appeared
on MacConkey agar (MCA) as lactose and non-lactose
fermenters, were subculture separately on different MCA
and Salmonella-Shigella agar (SSA). Colonies that ap-
peared as dark centered colonies and those with green
metallic sheen were picked and subculture on SSA and
Eosin methylene blue agar (EMBA) respectively and sub-
sequently screened on sorbitol MacConkey agar (SMAC)
as described [9].

Identification of isolates
All pure cultures of suspected members of Enterobacte-
riaceae were subjected to a preliminary standard bio-
chemical test for identification. Presumptively identified
members of Enterobacteriaceae were further screened by
using API 20E system (Bio-Merieux, France) according
to manufacturer’s instructions.

Antimicrobial susceptibility testing
The antibiotics susceptibility of the isolates against com-
monly prescribed drugs for enteric and foodborne infec-
tions was determined and interpreted by standard
procedures and guidelines for the disc diffusion method
[10]. The following antibiotics were used; trimethoprim/
sulfamethoxazole (25 µg), chloramphenicol (30 µg), cipro-
floxacin (10 µg), amoxicillin (30 µg), amoxicillin/clavulanic
acid (20/10µg), gentamicin (10 µg), pefloxacin (30 µg),
ofloxacin (10 µg), streptomycin (30 µg).
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Plasmid DNA extraction
The plasmid extraction was carried out as previously de-
scribed [11] with little modifications using 100 bp and
1 kb plasmid ladders. Twenty-five (n = 25) isolates were
picked at random among the antibiotics resistant isolates
for plasmid investigation. Briefly, bacterial cultures were
grown in nutrient broth with an optimized concentration
of antibiotics at 37 °C overnight in a shaker incubator at
150 rpm. After harvesting, the culture was transferred to a
1.5-ml Eppendorf tube containing a lysis buffer, heated for
15 min at 70oC, mixed with an equal volume of phenol:
chloroform: isopropanol (25:24:1) and afterward centri-
fuged. The supernatants were collected using a pipette
and added to a blue loading dye and run on 1 % agarose
gel Tris–acetate–EDTA buffer for an hour at 80 V. plas-
mid bands were visualized using Gel Documentation
system and ultraviolet light transilluminator.

Statistical analysis
A one-way analysis of variance (ANOVA) test was used
to compare the difference in the prevalence of isolates
recovered from the various categories of samples with a
significant level at p < 0.05.

Results
A total of 110 isolates of members of Enterobacteria-
ceae were obtained from the 80 meat samples ana-
lyzed. The colonial morphology, Gram reaction, and
results obtained from the API 20E kits revealed the
identity of the isolates as Enterobacter aerogenes, E.
cloacae, Citrobacter freundii, Proteus mirabilis, Klebsi-
ella pneumonia, K. planticola, Salmonella spp., E. coli,
and Serratia odorifera. The frequency of occurrence
of these organisms in the meat samples is as shown
in Table 1 with Enterobacter spp. having the highest
frequency of occurrence of 26 (23.6 %) and Serratia
spp. having the lowest 3 (2.7 %).

Antibiotics susceptibility test
The antibiotics resistance profile of the organisms is pre-
sented in Table 2. Ninety-one (82.7 %) of Enterobacteria-
ceae isolated were resistant to amoxicillin/clavulanic
acid while 85 (75.7 %) were resistant to both amoxicillin
and streptomycin, 74 (67.2 %) were resistant to perfloxa-
cin while 65 (59.1 %) showed resistance to both sparflox-
acin and ciprofloxacin. A similar resistance level of 45
(40.9 %) was found for both gentamicin and trimetho-
prim/sulfamethoxazole while 91.8 % of the organisms
were susceptible to ofloxacin.
At genera level, complete resistance (100 %) was

observed among Proteus spp. against amoxicillin and
streptomycin, Enterobacter spp. showed complete resist-
ance to amoxicillin/clavulanic acid, so were E. coli,
Serratia spp. and Salmonella spp. There was 100 % re-
sistance by E. coli to trimethoprim/sulfamethoxazole,
amoxicillin, and streptomycin. Klebsiella spp. and Citro-
bacter spp. showed complete resistance to pefloxacin
and streptomycin respectively. In terms of susceptibil-
ities, there was 100 % susceptibility to chloramphenicol,
sparfloxacin, ciprofloxacin, ofloxacin, and streptomycin
by Serratia spp. Enterobacter spp. were completely sus-
ceptible to chloramphenicol, ofloxacin, and trimetho-
prim/sulfamethoxazole, while E. coli and Salmonella
spp. were completely susceptible to gentamicin, tri-
methoprim/sulfamethoxazole, and ofloxacin respectively.

Plasmid analysis
Nine (36 %) out of 25 isolates harboured plasmids ran-
ging from 1 to 3 copies with an estimated size range of
700 bp to 1.1 kb (data not shown), and the highest num-
ber of plasmids 4 (44.44 %) was detected in E. coli,
followed by K. pneumonia and E. aerogenes both having
2 (22.22 %) each and P. mirabilis 1 (11.11 %). A max-
imum of 3 copies of plasmids was found in E. coli iso-
lated from chicken while the remaining isolates had 1
copy each. All the isolates with plasmids were from

Table 1 Frequency of occurrence of members of Enterobacteriaceae in locally processed meat

Enterobacteriaceae Beef Pork Chicken Mutton Total Frequency (%)

Proteus spp. 5 2 0 4 11 (10)

Enterobacter spp. 9 13 2 2 26 (23.6)

Citrobacter spp. 2 0 7 5 14 (12.7)

Escherichia coli 8 9 4 2 23 (21)

Serratia spp. 0 2 1 0 3 (2.7)

Klebsiella spp. 5 7 4 2 18 (16.4)

Salmonella spp. 0 5 5 5 15 (13.6)

Grand Total 29 38 23 20 110 (100)

Standard Deviations 3.6253 4.5774 2.43 1.8645 3.6253
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chicken except a strain of E. coli from pork harboring a
single plasmid copy.

Statistical analysis
According to the statistical analysis, the f-ratio value is
0.82804 while the p-value is 0.491442 hence there was
no significant difference in the incidence of Enterobacte-
riaceae in pork, beef, mutton, and chicken at p < 0.05
significant level.

Discussion
In this study, Enterobacteriaceae were isolated from lo-
cally processed beef, pork, mutton, and chicken on retail.
Overall, there was no significant difference in Enterobac-
teriaceae contamination levels among the different meat
types, however, the highest number of isolates 38
(34.5 %) recovered was from pork and Enterobacter spp.
dominated the overall population of the isolates recov-
ered as 23 % of its species was isolated from different
meat samples investigated followed by E. coli 21 % while
Serratia spp. was the least isolated from all the meat
(Table 1).
The source of the Enterobacteriaceae isolated from the

meat in this study may have been from contaminated
processing water, contact surfaces, and food handlers
who may have compromised hygiene practices. Previous
studies have documented the presence of one or more
members of Enterobacteriaceae from retail meat and
carcasses of animals. Uzeh and Agunlanna [12] detected
E. coli O157:H7 and other E. coli strains in 37 and 63 %
respectively of meat samples from different parts of cat-
tle carcass. In agreement with the results of this study,
although at varying prevalence, Enterobacteriaceae have
been previously reported from different retail meat sam-
ples. Studies from Egypt documented the presence of
Proteus spp., E. coli Citrobacter spp. and Klebsiella spp.
in retail meats from sellers [13], Klebsiella spp., Serratia
spp., E. coli, Enterobacter spp., Citrobacter spp., Proteus
mirabilis and Serratia spp., were also reported from

retail beef and poultry in the United State [14]. Salmon-
ella isolates of 10 (2.3 %) were obtained from retail beef
and related meat products in Zaria, Nigeria [15], a value
lower than the 15 (13.6 %) obtained in the present study.
The variation in result may have been due to the differ-
ent meat products investigated in both studies. Salmon-
ella is one of the most important foodborne pathogens
in the world, its isolation from locally processed meats
in Nigeria is worrisome and calls for more urgent
attention.
Enterobacteriaceae isolated in this study showed high

levels and multiple resistance traits to antibiotics investi-
gated, which can be transmitted from food products to
humans via consumption. Out of all the antibiotics
investigated for activities against these pathogens, oflox-
acin remained the most potent with an overall suscepti-
bility rate of 91.8 % by the organisms. When compared
to other members of fluoroquinolones investigated,
ofloxacin showed remarkably higher efficacy than cipro-
floxacin and sparfloxacin both with equal overall 40.9 %
susceptibility rate, and pefloxacin with 32.8 % suscepti-
bility rates. Ofloxacin’s higher antimicrobial activities
have been attributed to the presence of alkylated pipera-
zine group at one of its structural positions [16].
Diverse rates of resistance to the different classes of

antibiotics were observed in this study and it ranged
from 5.6 to 100 % with resistance to streptomycin, tri-
methoprim/sulfamethoxazole, amoxicillin, and amoxicil-
lin/clavulanic acid is most frequently observed. The
observed resistance to antibiotics in this study is so dis-
turbing considering the fact that most of the antibiotics
investigated are not commonly used in livestock produc-
tion but are rather prescribed against human infections
caused by enteric bacteria. These results are in agree-
ment with previous related studies that reported similar
high resistance to the above antimicrobial agents [17]. A
high level of resistance or complete resistance (100 %) to
and amoxicillin/clavulanic acid was observed by 85 % of
the isolates in this study. Both drugs belong to beta-

Table 2 Resistance of enteric bacteria to antibiotics

Enterobacteriaceae Number of resistant strains (Percentage Resistance)

Total No. AMX AUG GEN CHL SPX TIM CIP OFX STR PEF

Proteus spp. 11 11(100) 9(81.8) 10(90.9) 10(90.9) 7(63.6) 9(81.8) 6(54.5) 0(0.0) 11(100) 10(90.9)

Enterobacter spp. 26 14(53.8) 26(100) 15(57.7) 0(0.0) 13(50) 0(0.0) 15(58.8) 0(0.0) 7(26.9) 20(76.9)

Citrobacter spp. 14 7(50) 13(92.9) 6(42.9) 12(85.7) 8(57.1) 0(0.0) 9(64.3) 7(50) 14(100) 5(35.7)

Serratia spp. 3 3(100) 3(100) 1(33.3) 0(0.0) 0(0.0) 2(66.7) 0(0.0) 0(0.0) 0(0.0) 1(33.3)

Klebsiella spp. 18 15(83.3) 2(11.1) 3(16.7) 1(5.6) 15(83.3) 11(61.1) 17(94.4) 0(0.0) 16(88.8) 18(100)

Salmonella spp. 15 12(80) 15(100) 10(83.3) 12(80) 11(61.1) 0(0.0) 10(55.5) 0(0.0) 14(93.3) 10(55.5)

E. coli 23 23 (100) 23 (100) 0 (0.0) 13(37.5) 8(56.5) 23(100) 2 (8.6) 2(8.6) 23(100) 5 (21.7)

Total 110 85(77.2) 91(82.7) 45(40.9) 48(43.6) 65(59.1) 45(40.9) 65(59.1) 9 (8.18) 85(77.3) 74(67.2)

AM Amoxicillin (30ug), AMC Amoxycilin/clavulanic acid (20/10ug), GEN Gentamicin (10ug), CHL Chloramphenicol (30ug), SPX Sparfloxacin (10ug), TIM trimethoprim/
sulfamethoxazole (30ug), CIP Ciprofloxacin (10ug), OFX ofloxacin (10ug), STR Streptomycin (10ug), PEF Pefloxacin (30ug)
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lactam and beta-lactamase inhibitor classes of antibiotics
respectively and are commonly prescribed for infections
associated with Gram negative bacteria. Resistance to
these two classes of antibiotics is usually mediated by
beta-lactamase enzymes encoded on genes borne on mo-
bile genetic elements such as plasmids and integrons
that amoxicillin enable them to efficiently hydrolyze
these drugs [18, 19].
Enterobacteriaceae are well known for harbouring

plasmids in multiple copies of varying sizes [20]. The oc-
currence of plasmids among the resistant Enterobacteri-
aceae in this study was detected among 9 out of 25
isolates investigated, accounting for 36 % of the total En-
terobacteriaceae investigated for plasmids. Isolates posi-
tive for the presence of plasmid harboured up to 3
copies of the extra-chromosomal DNA with estimated
sizes of up to 1.1 kb. The findings from the present
study are in agreement with previous studies on the car-
riage of plasmids by members of Enterobacteriaceae [20,
21]. There was a correlation between plasmid profiles
among the isolated bacteria and their multiple drug re-
sistance in the present study (Table 3), thus suggesting
the carriage of plasmids may be associated with the ob-
served resistance profiles in this study. Although one of
our study limitation is the inability to provide an evi-
dence of a link between the presence of plasmids and
the antimicrobial resistance profiles observed. Antibiotic
resistant genes encoding multiple resistance to antibiotic
classes such as fluoroquinolones, aminoglycosides and
beta-lactams borne on plasmids are capable of bacteria
to bacteria transmission via horizontal gene transfer
among bacterial communities [22, 23] Interestingly, car-
riage of plasmids among the selected isolates was more
frequent in bacteria isolated from chicken indicating
chicken meat may be a reservoir of antimicrobial resist-
ance as previously opined elsewhere [24].
In conclusion, the data presented in this study shows

that locally processed pork, beef, mutton, and chicken on
retail may contribute significantly to the spread of
antibiotic-resistant Enterobacteriaceae to the community.

The occurrence of antibiotic resistant Enterobacteriaceae
in these retail meats is a potential risk to public health. It
is also clear from this study that certain levels of safety
practices that help to minimize food contaminations may
have been compromised during meat processing and re-
tail. Measures should therefore be put in place to reduce
the proliferation of pathogenic antibiotic resistant bacteria
in these meat products.
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Table 3 Plasmid Profiles of 9 Enterobacteriaceae isolated from various meat sources

Source Isolates Plasmid sizes (kb) Plasmid copies Resistance profile

Chicken E.coli BCI15 0.7, 0.75, 1.1 3 AMX, AUG, CHL, SPX, TIM, CIP, OFX, STR, PEF

Chicken K. pneumoniae BCI28 0.7, 0.9 2 AMX, AUG, CHL, SPX, TIM, CIP, STR, PEF

Chicken K. pneumoniae ACI77 0.75, 0.9 2 AMX, AUG, GEN, SPX, TIM, CIP, STR, PEF

Chicken E. aerogenes OCI46 0.7, 0.8 2 AMX, AUG, GEN, SPX, CIP, STR, PEF

Chicken E. aerogenes ACI12 0.7, 0.75 2 AMX, AUG, GEN, SPX, CIP, STR, PEF

Chicken E.coli ACI22 0.8 1 AMX, AUG, CHL, SPX, TIM, CIP, STR, PEF

Chicken E.coli OCI50 0.8 1 AMX, AUG, CHL, SPX, TIM, STR, PEF

Chicken P. mirabilis BCI08 0.7 1 AMX, AUG, GEN, CHL, SPX,TIM, CIP, STR, PEF

Pork E.coli API33 0.75 1 AMX, AUG, CHL, SPX, TIM, STR, PEF
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