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ABSTRACT

Background: Swine is one of the major sources of protein to humans worldwide; antimicrobial-resistant Escherichia
coli has become a global public health challenge affecting both humans and livestock due to the presence of tetracycline
resistance genes.

Aim: This study focused on molecular identification of tetracycline resistance genes (tet A and B) in E. coli isolates
from internal organs of swine sold in a slaughterhouse at Abakaliki, Ebonyi State, Nigeria.

Methods: A total of 75 internal organs of swine samples were collected from slaughterhouses. Standard microbiological
procedures were employed to evaluate the samples bacteriologically. Using the disk diffusion method, antibiotic
susceptibility testing was conducted on E. coli against specific classes of antibiotics, and the multiple antibiotic
resistance index was calculated. The polymerase chain reaction was utilized for the molecular identification of the
tetracycline resistance genes, specifically fef A and B.

Results: Out of the 75 samples analyzed, 24 of 75 were positive for E. coli with an overall prevalence of 24/75 (32.0%).
The small intestine and colon had higher percentages of E. coli isolates 6/15 (40.0%). However, E. coli isolates
were resistant to erythromycin, tetracycline, and ampicillin which ranged from 20.0% to 75.0%, and susceptible to
gentamycin and ciprofloxacin at a range of 75.0%-100.0%. Exactly, 8 (33.3%) isolates were both multidrug and
tetracycline-resistant. The presence of tet A 6/8 (75.0%), tet B 5/8 (62.5%), and tet A and B 4/8 (50.0%) was reported.
Conclusion: Multidrug and tetracycline resistance genes have been observed in E. coli isolated from internal organs
of swine and are of public health concern.
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Introduction

The lower intestine of both humans and animals
frequently contains the rod-shaped, Gram-negative
bacterium Escherichia coli. In Nigerian pig farms,
E. coli illness causes significant productivity losses
in both pre- and post-weaned piglets (Egbule et al.,
2021). Resistance profiles of E. coli recovered from
food animals, such as pigs and poultry, have a strong
association with those of isolates from bloodstream

infections in people (Vieira et al., 2011; Effendi
et al., 2018). Piglets and pigs suffering from livestock
illnesses such as E. coli disease are a serious danger to
the profitability and long-term viability of the Nigerian
pig industry. Nigerians consume a lot of pork, and pigs
carry a higher risk of spreading multidrug-resistant E.
coli to people through the food chain (Egbule et al.,
2021). Highly adapted organisms called E. coli inhabit
the gastrointestinal tracts of both people and animals,
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thriving in conditions such as water, dirt, sediment, and
feces.

The presence of E. coli is a reliable indicator of
environmental fecal contamination and is essential for
tracking the spread of antimicrobial resistance (AMR)
genes among bacterial communities (Tyasningsih
et al., 2022; Mustika et al., 2024). In terms of the
transmission of AMR, the relationships between
humans, animals, and the environment are complex
(Oloso et al., 2018; Yanestria et al., 2022). Nearly
similar Incll plasmids encoding third-generation
cephalosporin resistance determinants are carried by
the genetically different E. coli isolates from humans
and animals. This plasmid aids in the transmission of
multidrug-resistant organisms from food animals (such
as chickens and pigs) to humans (de Been et al., 2014).
Drug-resistant E. coli can occur via gene transfer
in a variety of settings, as a result of contaminating
livestock transport vehicles, trading venues, herd
expansion through the addition of new animals, and
slaughterhouse lairage (Schmithausen er al., 2018).
Since surface water, wastewater, and drinking water
can all be contaminated with E. coli, there is a chance
that MDR will be transferred from the environment
to pigs. It is known that holding pens in stables and
lairage in abattoirs are important hubs for the spread of
Enterobacteriaceae that produce ESBLs throughout the
pig and other animal production chain (Schmithausen
etal.,2015; Ugbo et al., 2023).

Food handlers are in danger of spreading resistant
bacteria, and food processing settings are thought to be
significant intermediate reservoirs and vectors of AMR
bacteria (Oniciuc et al., 2019). Some data suggested
the possible transfer of MDR E. coli clones between
pigs and piggery workers (de Beenet et al., 2014).
Multidrug resistance E. coli were considered as one of
the major threats to animal and human health (Kendek
et al., 2024). 1t also causes colibacillosis, a disease
that commonly affects pigs from birth to weaning and
is characterized by white to yellow diarrhea (Hartadi
et al., 2020). Resistant to antibiotics humans can get
E. coli from animals through the environment, direct
contact, or the food chain (Schwaiger et al., 2012).
The discovery of antibiotic resistance genes in E. coli
extracted from animals has garnered significant interest,
particularly in organisms capable of transmitting
resistance genes (Effendi ef al., 2021).

The use of antibiotics, such as bacitracin, lincomycin,
neomycin/ oxytetracycline, and penicillin in promoting
animal growth, has contributed to multidrug resistance
worldwide. Antibiotic resistance in bacteria may arise
as a result of the frequent and inappropriate use of
these drugs (Gholami-Ahangaran et al., 2021). Gram-
negative bacteria, E. coli, used an efflux pump system
as one of the mechanisms of resistance to tetracycline,
and tetracycline-resistant genes that can be found in
E. coli include tetA, tetB, tetC, tetD, tetE, tetG; thus,
tetM, tetO, and tetS encode ribosomal protection

systems (Sigirci ef al., 2020). Tet genes are responsible
for the emergence of resistance to tetracycline
antibiotics in E. coli. Studies have demonstrated
the presence of the fetd, tetB, and tetM genes in the
effluent of pig slaughterhouses in Germany and
Portugal where fetd, tetB, tetM, and tetK genes
were detected in the waste of a pig farm, and
the tetA, tetB, tetK, tetL, tetM, tetO, and tetA(P) genes
in the effluent of pig slaughterhouses (Pazra et al,
2023). Additionally, information regarding genes
responsible for tetracycline-resistant E. coli in swine is
lacking in many parts of Nigeria including Abakaliki;
thus, the need for this study on molecular identification
of tetracycline resistance genes (fet A&B) in E.
coli isolates from internal organs of swine sold in a
slaughterhouse at Abakaliki, Ebonyi State, Nigeria.

Materials and Methods

Sample collection and processing

A total of 75 samples were collected from the swine
slaughterhouses (15 each from the large intestine, small
colon, kidney, liver, and small intestine of swine). The
samples were collected from April 2023 to June 2023
and from both male and female pigs. Then, exactly 5 g
of each sample was collected using a sterile knife and
universal container, and all the samples were labeled
with the unique sample number and date; the samples
were transported to the laboratory at the Department
of Applied Microbiology, Faculty of Science, Ebonyi
State University, Abakaliki, for microbiological
analysis. The collected samples were analyzed for the
presence of E. coli by inoculating 5 g each of well-
homogenized swine samples into different separate
test tubes containing sterile buffered peptone water,
and nutrient broth (Himedia) and incubated at 37°C
for 24 hours. A loopful of the murky broth culture was
aseptically seeded after being cultured overnight on
sterile, solidified MacConkey agar (MAC) (Himedia)
and Eosin methylene agar (EMB) (Merck USA). The
samples were then incubated for 24 hours at 37°C.
The distinctive appearance (color, consistency, and
shape) of E. coli from positive cultures was used to
identify them on the differential media. For Gram-
staining response, hanging drop test (motility test),
and biochemical profiling, the pink colonies on MAC
and the greenish metallic shiny colonies on EMB
were sub-cultured on sterilized solidified nutrient agar
and incubated at 37°C for 24 hours to generate pure
culture, following standard methods. The following
biochemical tests were performed: the citrate utilization
test (Simmon citrate agar), the oxidase test, and the
indole test (Effendi et al., 2022).

Antibiotic susceptibility testing

The Kirby—Bauer disk diffusion method was used
to determine the antibiotic susceptibility of the
phenotypically determined E. coli isolates from the
swine internal organs. The Mueller—Hinton agar
medium (Merck USA) was made in compliance with
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the guidelines provided by the manufacturer. A pure
culture of E. coli isolates was cultured for overnight
in nutrient broth, with the turbidity adjusted to 0.5
McFarland. After inoculating the plates, the bacterial
isolates were left there for ten minutes for proper
absorption on the plate. Antibiotics, which include
fluoroquinolone (CIP: ciprofloxacin; 5 pg), macrolides
(E: erythromycin; 30 png), tetracycline (TE: tetracycline;
30 pg), beta-lactams (AMP: ampicillin; 30 pg), and
aminoglycosides (CN: gentamycin; 500 pg), were
placed on the surface of the Mueller—Hinton agar at a
distance of 15 mm from the edge of the plate, 30 mm
away from the center disk and incubated at 37°C for
18-24 hours. A calibrated transparent ruler was used
to measure the inhibition zone diameters surrounding
each antibiotic disk, and the results were reported in
millimeters. The “resistant” and “sensitive” status of
each bacterium was ascertained using a typical Clinical
and Laboratory Standards Institute breakpoint table
(CLSIL, 2019).

Multiple antibiotic resistance index

Among the isolates resistant to three or more
antimicrobial drugs, several antibiotic resistances
were identified. The number of antibiotics to which
an isolate is resistant (a) divided by the total number
of antimicrobial agents the isolate was tested against
(b) yields the MAR index for that isolate (Ejikeugwu
etal.,2018).

Molecular identification of Tetracycline-resistant genes
using PCR

PCR was used to further examine the tetracycline-
resistant E. coli isolates for the presence of zet A and
B genes. The pure culture of E. coli was inoculated
in nutrient broth (TITAN Biotech, India) and cultured
overnight at 37°C. The ZR fungal/bacterial DNA
MiniPrep kit (manufactured by Zymo Research)
was employed for the DNA extraction following the
manufacturer’s instructions. Industrial ready-to-use
prepared PCR master mix solution (GoTaq Green
Master Mix), which contains Taqg DNA polymerase,
dNTPs, MgCl2, and a reaction buffer at a concentration
of 12.5 ul were used. The primers used were acquired
from Whitehead Scientific Ltd, Cape Town, South
Africa. A C1000 thermo cycler machine (Bio-Red) was
used to conduct the PCR reactions for the et A and B
genes. The primers sequences used are tet A—F: GCT

ACA TCC TGC TTG CCT TC; tet A-R: CAT AGA
TCG CCG TGA AGA GG with 210 base pair; tet B-F:
TTG GTT AGG GGC AAG TTT TG; fet B-R: GTA
ATG GGC CAA TAA CAC CG with 659 base pair and
PCR methods was according to previously described
(Kallauet al., 2018; Gholami-Ahangaranet al., 2021).
PCR products were visualized using 1.5% agarose
gel electrophoresis and photographed under a UV
transilluminator using a gel documentation system.
Ethical approval

Pork samples were acquired from the slaughterhouse;
hence, ethical approval was not necessary. Samples
were collected from the slaughterhouse, as per the
standard collection procedure.

Results

Out of the 75 samples collected to determine the
presence of E. coli in swine, 24/75 (32.0%) were
positive. However, E. coli isolates identified had a
different prevalence; the large intestine harbored 4/15
(26.7%), the small colon had 6/15 (40.0%), the kidney
had 5/15 (33.3%), the liver harbored 3/15 (20.0%), and
the small intestine had 6/15 (40.0%) (Table 1). Thus,
E. coli isolates from the large intestine, kidney, liver,
small colon, and small intestine had different resistance
patterns to erythromycin, tetracycline, and ampicillin,
which ranged from 20.0% to 75.0%. The E. coli isolates
studied showed great susceptibility to gentamycin and
ciprofloxacin. The susceptibility patterns observed
among the isolates ranged from 75.0% to 100.0% (Table
2). In addition, three major multiple antibiotic resistance
index/patterns were observed among the E. coli isolates,
which are presented as TE-CN-E-AMP, TE-E-AMP-
CIP, and TE-E-AMP with an average multiple antibiotic
resistance index (MARI) of 0.70 (Table 3). Out of the
24 E. coli isolates studied, 8/24 (33.3%) were resistant
to tetracycline antibiotics and were further studied for
the presence of tet A and B genes. Exactly, 6/8 (75.0%)
E. coli harbored tet A, 5/8 (62.5) had tet B, and 4/8
(50.0%) harbored both tet A and tet B genes (Table 4).
The presence of fet A and tet B genes with the molecular
size of 210 bp and 659 bp, respectively.

Discussion

Escherichia coli is a major bacterium that colonizes the
intestine of piglets at birth and in disease conditions;

Table 1. Frequency of E. coli isolates from internal organs of swine sold in slaughterhouses at Abakaliki.

Sample source No. of for sample

No. positive for E. coli (%)

Percentage prevalence (%)

Large intestine 15
Small colon 15
Kidney 15
Liver 15
Small intestine 15
Total 75

4 26.7
6 40.0
5 333
3 20.0
6 40.0
24 32.0
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Table 2. Antimicrobial susceptibility profile of E. coli isolates from internal organs of swine sold in slaughterhouses at Abakaliki.

TET CN E AMP CIP

Source

S R S R S R S R S R
Large
intestine 2(50.0) 2(50.0) 3(75.0) 1(25.0) 2(50.0) 2(50.0) 1(25.0) 3(75.0) 4(100) 0(0.0)
Small colon 4(66.7) 2(33.3) 5(83.3) 1(16.7) 3(50.00 3(50.0) 3(50.0) 3(50.0) 5(100) 0(0.0)
Kidney 4(80.0) 1(20.0) 5(100) 0(0.0) 3(60.0) 2(40.0)0 2(40.0) 3(60.0) 4(80.0) 1 (20)
Liver 2(66.7) 1(33.3) 3(100) 0(0.0) 2(66.7) 1(333) 1(333) 2(66.7) 3(100) 0(0.0)
Small
infestine 4(66.7) 2(333) 5(83.3) 1(16.7) 4(66.7) 2@33.3) 3(50.0) 3(50.0) 5(83.3) 1(16.7)

CIP = ciprofloxacin; E = erythromycin; TE = tetracycline; AMP = ampicillins; and CN = gentamycin.

Table 3. Multiple antibiotic resistance patterns of £. coli isolates from internal organs of swine sold in slaughterhouses at Abakaliki.

Number of antibiotics that

Total number of

Isolates code Isolates isolates were resistant to (a)  antibiotics tested (b) MAR index (a/b)
L13 E. coli TE-E-AMP 5 0.60
LI9 E. coli TE-CN-E-AMP 5 0.80
SC1 E. coli TE-CN-E-AMP 5 0.80
SC8 E. coli TE-E-AMP 5 0.60
K2 E. coli TE-E-AMP-CIP 5 0.80
L4 E. coli TE-E-AMP 5 0.60
S13 E. coli TE-CN-E-AMP 5 0.60
SI 14 E. coli TE-E-AMP-CIP 5 0.80
Average index 0.70

LI = large intestine; SC = small colon; K = kidney; L = liver; SI = small intestine; CIP = ciprofloxacin; E = erythromycin; TE = tetracycline; AMP

= ampicillins; and CN = gentamycin.

Table 4. Occurrence of tetracycline resistance genes in E. coli from internal organs of swine.

No tetracycline resistant E.

Sample source Ni(s)ofz.\ tc":osli coli isolates (sot/u)died in PCR tet A gene (%) tet B gene (%) tgeﬁea?"(/t ;3
0

Large intestine 4 2 (50.0) 2 (100.0) 2 (100.0) 2 (100.0)
Small colon 6 2 (33.3) 2 (100.0) 1 (50.0) 1 (50.0)
Kidney 5 1 (20.0) 0 (0.0) 1 (100.0) 0(0.0)
Liver 3 1(33.3) 1 (100.0) 1 (100.0) 1 (100.0)
Small intestine 6 2 (33.3) 1 (50.0) 0(0.0) 0(0.0)
Total 24 8(33.3) 6 (75.0) 5(62.5) 4(50.0)

it creates serious problems for the pig farm managers/
owners. This research shows that the prevalence of E.
coli from swine slaughtered at Abakaliki is 24 (32.0%)
out of the 75 swine samples analyzed. A study on E. coli
causing diseases in pig farms in Bulgarian has reported
52 (30.4%) of E. coli from fecal samples of swine
(Dimitrova et al., 2021) and is by the findings of this
study. According to the study, 50.0% of E. coli cases
in Southern Nigeria were from retail stores and pig

slaughterhouses (Egbule et al., 2021). The presence of
E. coli isolates has been reported from livestock, which
includes pigs and chickens (Wibisono et al., 2020;
Yanestria et al., 2022) and pathogenic E. coli from
healthy pigs in Malang district, East Java, Indonesia
(Effendi et al., 2022) and pig farms at Bulgarian
(Dimitrova et al., 2021). It was confirmed by earlier
research that pathogenic E. coli isolates can travel from
the natural environment to humans or other livestock
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if they are excreted by animals (Dohmen et al., 2017).
Studies have shown that E. coli can contaminate pigs,
regardless of whether meat samples are obtained at
the slaughterhouse or after processing (Bassitta et al.,
2022).

However, E. coli isolates from the large intestine,
kidney, liver, small colon, and small intestine were
20.0%—75.0% resistant to erythromycin, tetracycline,
and ampicillin and 75.0%-100.0% susceptible to
gentamycin and ciprofloxacin. This study also identified
the presence of E. coli isolates that were resistant to
B-lactam (ampicillin) antibiotics and agrees with the
observation that E. coli in food-producing animals
conferring resistance to f-lactam antimicrobials
(Reich et al., 2013). The reason for this resistance
possessed by this organism could be that some of
these antimicrobial agents used as growth promoters
and treatment of food animals in veterinary medicine
range from oxytetracycline, penicillin, and ampicillin
have been abused by the farms (Widodo ef al., 2020).
E. coli that was resistant to tetracycline antibiotics was
also discovered in this study and is in line with the
observation that E. coli isolates from livestock can resist
most antibiotics such as aminoglycosides, tetracyclines,
chloramphenicol, trimethoprim, sulphonamides, and
quinolones (Wibisono et al., 2021). The E. coli isolates
from this study had antibiotic antibiotic-resistant
ranging from 20.0% to 75.0%, and this is akin to the
report that E. coli isolates from pigs had a resistant
range of 53.0%—75.0% (Dimitrova ef al., 2021).

A study done in Uganda on E. coli isolates from pig
slaughterhouses presented antibiotic resistance to
amoxicillin  (30.4%), erythromycin (34.8%), and
ciprofloxacin (100%) susceptibility (Katushabe et al.,
2022) and it is by the observation of this research.
Another researcher discovered that antimicrobial
resistance was dominated by tetracycline (69.1 %)
(Ugbo et al., 2023). Regardless of a strain’s virulence
characteristics, antimicrobial resistance may pose
health problems since carriers may act as a conduit
for genetic transfer within the gastrointestinal tract.
Research has demonstrated that resistant bacteria,
such as E. coli, can survive in the gastrointestinal tract
after being consumed orally through pork (Enne et al.,
2008). Managers of swine farms frequently deal with
the issue of bacterial pathogens causing disease in pigs.
Antibiotics are now used to prevent and treat diseases
as a result of this (Van et al., 2020).

This study has reported the presence of multidrug-
resistant E. coli and the isolates presented MDR as
follows TE-CN-E-AMP, TE-E-AMP-CIP, and TE-
E-AMP with average MARI as 0.70. A retrospective
study revealed that 43 E. coli isolates had an 88.4%
multidrug resistance rate (Kakooza ef al., 2021). There
have been reports of multidrug-resistant bacteria
in various livestock, particularly in pigs and dairy
cattle (Byaruhanga et al., 2022). The occurrence of
multidrug resistance in livestock might be increased

by the irrational and inappropriate use of antimicrobial
drugs (Larb ef al., 2021). Antibiotics are still used as
growth boosters on farm animals such as pigs, cattle,
poultry, and birds in certain countries that have not
outlawed their usage. This has significantly accelerated
the spread of antibiotic resistance in livestock (Yang
et al., 2019). Antibiotic-resistant bacteria have the
detrimental effect of making therapy for bacterial
illnesses more difficult or perhaps failing. Ineffective
therapy affects the duration of treatment, the usage of
more costly medications, and, of course, the expenses
incurred (Widodo ef al., 2020).

Exactly, 8 (33.3%) E. coli isolates were multidrug-
resistant and tetracycline-resistant and were further
studied for the presence of fer A and tefB genes.
However, the E. coli was reported to harbor tet A gene
6/8 (75.0%); tet B gene 5/8 (62.5%); and both tet A
and B genes 4/8 (50.0%). A high prevalence of the tet
A gene was observed when compared with fef B gene
and agrees with the observation of Alam et al. (2023)
who reported that 84.0% of the tetracycline-resistant
E. coli isolates encode fet A gene. Different types of
tetracycline genes, which include fet(A), tet(B), tet(C),
tet(D), and tet(E), have been previously reported by
several studies to cause tetracycline resistance in
bacteria such as E. coli (Sigirci et al., 2020; Pazra et al.,
2023). Another study carried out on E. coli isolated
from a pig farm in Indonesia reported the presence of
multidrug and tetracycline resistance E. coli to harbor
tet A (23.0%), tet E (46.0), and tet A and B (23.0%)
genes (Kallau et al. 2018). The fetA gene was more
prevalent (17/18) at 94%, followed by the tefB gene at
(10/18) 56% in E. coli (Indrawati et al., 2021), and is by
the detection of tet A gene 6/8 (75.0%) and tet B gene
5/8 (62.5%) in this research. A study done in clinical
and non-clinical tetracycline resistance E. coli isolates
in Nigeria detected tetA (34.8%), tet B (2.2%), and tet
A and B (14.8%) (Perewari et al., 2022). The E. coli
isolates that were resistant to tetracycline and harboring
tetA (42.3%), tetB (46.2%), and tetA and B (11.5%)
genes were reported in healthy and diarrheic pet birds
(Gholami-Ahangaran et al., 2021). Thus, this research
has found that tetracycline resistance E. coli in swine is
due to sales, use of tetracycline antibiotics, and cross-
resistant antimicrobials in Abakaliki metropolis. This
study also shows that there is a correlation between the
use of tetracycline and resistance of tetracycline.

Conclusion

In conclusion, this study has reported the presence of
antimicrobial-resistant E. coli in swine. Multidrug-
resistant and tetracycline resistance genes (tet A, tet
B, both tet A and B genes) were also reported in E.
coli isolates from internal organs of swine for the first
time in Abakaliki and is of public health concern. Thus,
swine should be considered a potential source of MDR
organisms capable of causing public health threats/
hazards. This discovery has impacted optimizing the
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use of antibiotics as growth promoters, and disease
treatment and the data obtained are also helpful in
reducing the increasing incidence and spread of
antimicrobial resistance among food animals, humans,
and their environment at the grass root level and even
the remote and rural regions of Nigeria that deal with
the practice of pig/swine farm and other livestock.
We therefore recommend strong stringent antibiotic
administering policies for swine and surveillance on
the emergence of antimicrobial resistance in livestock.
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