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Objective: The purpose of this study was to detect the incidence of multi-drug resistant (MDR)
and the spread of tet genes that encode tetracycline (TE) resistance in E. coli in pig farms in the
city of Kupang, Indonesia.

Materials and Methods: Samples of pig feces have been obtained from 96 pig farms in Kupang
city, Indonesia. Escherichia coli bacteria were isolated and identified morphologically and
biochemically, and finally confirmed by the API test. The disk diffusion method has been used
to observe the antibiotic sensitivity effects and has been followed by observing resistant genes
encoding TE resistance using the multiplex polymerase chain reaction (m-PCR) method to detect
the presence of tet genes such as tet (A), tet (B), tet (C), tet (D), and tet (E), respectively.

Results: A total of 82 (85.4%) of E. coli isolates have been found in all pig feces samples obtained
from 96 pig farms in Kupang city. This study has shown a high level of antibiotic resistance
dominated by erythromycin (85.4%) and cephalothin (58.5%) and followed by several other
antibiotics with a percentage below 34.1%. The prevalence of MDR E. coli was 57.3% by showing
39 different patterns. The most common pattern was showed by the Cephalothin-Colistin-
Erythromycin pattern. The resistance of E. coli to TE appears to be related to the presence of tet
(A) and tet (E) genes.

Conclusion: This study has encouraged the need for public awareness (farmers) of the wise use
of antibiotics in preventing the spread of resistant bacteria that can cause health problems in
animals and humans.
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Introduction ] ) )
Livestock (the agricultural sector) as a place of animal

Antibiotic resistance is a problem that arises throughout
the world with a threat to the health and welfare of humans
and animals [1]. O’Neill [2] in his report has shown that
the estimated threat of the emergence of antibiotic
resistance if not controlled can lead to an increase in
mortality rates of up to 10 million people each year due
to antibiotic-resistant bacteria in 2050. Pathogenic bac-
teria that have been resistant can develop in humans,
animals, and the environment, disrupting public health
due to unwise use of antibiotics (misuse and overuse)
in various sectors (livestock and human environment).

production is one of the places where the development
of antibiotic-resistant bacteria due to the use of antibi-
otics in large quantities is not only for therapeutic pur-
poses but also as a growth promoter to increase livestock
production [3]. The same opinion has been explained by
Hu et al. [4] which inform that livestock was a reservoir of
genes responsible for antibiotic resistance. Several studies
have shown resistance in some antibiotic classes such as
penicillin [5], cephalosporins [6], tetracycline (TE) [7,8],
polymyxin [9], sulfonamides [8], and macrolides [5].
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Besides the occurrence of antibiotic resistance in
pathogenic bacteria, it has also been found in commen-
sal bacteria such as E. coli. Similar opinion was also pre-
sented by Xia et al. [10] which states that E. coli as one of
the commensal bacteria have become resistant to more
than one type of antibiotics. Skockova et al. [11] also show
that E. coli has become a reservoir for antibiotic-resistant
genes and has the ability to transfer genes that encode the
nature of antibiotic resistance to other bacterial species
including pathogenic bacteria [2,12]. The presence of
E. coli has become important because E. coli is the most
dominant microflora in the digestive tract of humans and
animals, has been found in large amounts in feces [13], and
has become the most common contaminant in meat. This
situation caused World Organization for Animal Health
(OIE) to choose E. coli as one of the bacteria used as an
indicator in the antibiotic resistance monitoring program
[14]. The OIE has recommended that each country conduct
an antibiotic resistance control program to prevent the
spread of antibiotic-resistant bacteria [15].

The level of resistance has become increasingly
dangerous with the emergence of bacteria that have
become resistant to three or more antibiotic classes known
as multi-drug resistant (MDR) [16]. Research conducted
by Petternel et al. [17] showed the presence of E. coli
bacteria that have become MDRs in animal products, as
well as the results [5] of which shows the presence of MDR
E. coli in livestock. This condition has become increasingly
worrying regarding the existence and spread of MDR
bacteria because it can endanger public health.

Antibioticresistance geneisagenethathasbeenresistant
to bacteria so that if bacteria have this gene it will cause
the emergence of resistance in the bacteria. The antibiotic
resistance gene can be spread horizontally by E. coli to other
members of the Enterobacteriaceae family via the plasmid
through a conjugation process [18]. Tetracycline resistant
genes that can be found in resistant E. coli bacteria include
tet (A), tet (B), tet (C), tet (D), and tet (E) causing the system
“efflux pump” [11,19,20]. Rapid and broad developmental
ability by E. coli bacteria demonstrate the need to improve
our understanding of factors that influence the spread of
antibiotic resistance between humans and animals so that
appropriate interventions can be taken to deal with it. OIE
[15] suggests the need for action to evaluate the role of
bacteria contained in feces (commensal) such as E. coli in
spreading antibiotic-resistant genes and mechanisms for
the spread of resistance in the environment.

The city of Kupang has been known as a region with a
high pig population [21] as a result of increasing demand
for pork from year to year. To maintain the level of pig
production has been done by maintaining the quality of
health of livestock. The health of pigs has been obtained
by using antibiotics as a treatment. Antibiotics have been
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found easily and in large quantities at veterinary drug
stores, especially TEs at low prices and can be purchased
with or without veterinary prescriptions. Improper use of
antibiotics in pigs has led to the emergence of antibiotic
residues in meat and on the other hand, can allow for the
emergence of antibiotic-resistant bacteria. Furthermore,
Gebreyes et al. [22] have found that antibiotic resistance is
found in areas with high pig counts. The presence of TE in
meat has been shown by Kale et al. [23] which shows the
presence of TE residues in pigs in Kupang city.

In Indonesia, research that has been conducted on
hygiene and sanitation related to E. coli contaminated in pig
farms is still very limited, so research has been conducted
with the aim of detecting MDR E. coli incidents and the
spread of tet genes that encode resistance to TE antibiotics
on farms pigs in Kupang City and also as an effort to moni-
tor the spread of resistance.

Materials and Methods
Time and place of study

Sampling for this study was conducted in March 2017 until
February 2018. Sampling has been carried out on intensive
pig farms (household scale) in Kupang city. The labora-
tory where testing has been carried out in several places
includes: (1) isolation and identification of bacteria has
been held at the Laboratory of the Veterinary Technical
Implementation Unit of the Livestock Service Office of
East Nusa Tenggara Province, (2) confirmation of E.coli
bacteria by API test and sensitivity test by disk diffu-
sion method (Kirby-Bauer method) has been conducted
in the Laboratory of Veterinary Public Health, Faculty of
Veterinary Medicine of Bogor Agricultural University, (3)
Detection of the tet gene with multiplex-PCR genes has been
carried out at the Laboratory of the Veterinary Research
Institute (Balai Besar Penelitian Veteriner / Indonesian
Research Center for Veterinary Science) Bogor, Indonesia.

Magnitude and sampling techniques

Data have been collected through direct observation of 96
pig feces samples obtained from 96 pig farms in Kupang
City, Indonesia. Samples have been taken from pigs
showing healthy conditions.

Isolation and identification of E. coli

Microbiological testing has been carried out based on
references from the Indonesian National Standard on
microbial contamination methods [24]. This method
has been carried out by isolation and identification with
biochemical tests: indole, methyl red, Voges-Proskauer
and citrate (IMViC) and Gram stain, KOH test, and oxidase
test. The following are the steps in carrying out the
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isolation and identification of E. coli as follows: The first
stage (sample preparation) is 25 gm of pig fecal sample
dissolved in 225 ml 0.1% buffered peptone water and
homogenized using a stomacher to make a 107! dilution.
The second stage was 10 ml of homogenate transferred to
a sterile reaction tube and incubated for 24 h at 37°C. The
third stage was isolation and cultivation on MacConkey
agar medium and incubated in aerobic conditions at 37°C
for 24 h. Colonies with a round shape, 1.1-1.5 um (width)
and 2.0-6.0 um (length) in size, red, and surrounded by
turbid zones suspected as E. coli. The fourth step was
identified the suspected E. coli by Gram stain test, KOH
test, oxidase test, and IMViC biochemical test. Positive E.
coli bacteria indicated by the characteristics in the gram
staining test showed negative gram bacteria, positive KOH
test, and negative oxidase test. Furthermore, all positive
colonies were subcultured on Trypticase Soy Agar (TSA)
media and incubated at 37°C for 24 h. Isolates are stored
in Trypticase Soy Broth (TSB) containing 30% glycerol at
-20°C until the subsequent execution.

Isolates that have been suspected as E. coli were
confirmed to find out the species level using the API
20E test kit (Biomereaux). For refreshment, the isolate
was cultivated on TSB and incubated at 37°C for 24 h,
then cultivated on TSA and incubated at 37°C for 24 h.
From separate coloniestwo to five colonies were taken
with a sterile cotton swab and mixed into 5 ml of 0.85%
sterile NaCl until turbidity was equal to 0.5 McFarland
or equivalent to 1-2 x 108 CFU/ml. The bacterial
suspension was then applied to the API 20E test kit
and incubated at 37°C for 24 h. Finally, reading the test
results by using the API 20E test kit was done through
the ApiwebTM application.

Antibiotics sensitivity test method

Testing the sensitivity of E. coli bacteria to antibiotics was
carried out using the Kirby-Bauer method (disc diffusion
method) whichreferstothemethod publishedbythe Clinical
and Laboratory Standards Institute [25]. The bacterial
isolate was determined for its antimicrobial sensitivity by
measuring the inhibitory zone. Meanwhile, the determina-
tion of susceptibility (S), intermediate (I), and resistant (R)
was determined by the size of the inhibitory zone formed
based on the standard interpretation of the diameter of
the zone of antibiotic inhibition. Antibiotics used in this
study include: amoxicillin (AML) 25 pg (CT0061B-0xoid),
cephalothin (KF) 30 pg (CT0010B-Oxoid), cefotaxime
(CTX) 30 ug (CT0166B-0x0id), TE 30 pug (CT0054B-0xo0id),
doxycycline (DO) 30 ug (CT0018B-0xoid), colistin sulfate
(CT) 10 pg (CT0017B-0xoid), trimethoprim-sulfamethox-
azole (SXT) 25 pg (CT0052B-Oxoid), streptomycin (S)
10 pg (CT0047B-0x0id), gentamicin (CN) 10 pg (CT0024B-
Oxoid), erythromycin (E) 15 pg (CT0020B-Oxoid),

http://bdvets.org/javar/

30 pg nalidixic acid (NA) (CT0031B-Oxoid), and 5 pg
ciprofloxacin (CIP) (CT0425B-0Oxoid). In each test, discs
without antimicrobial ingredients (blank discs; CT0998B-
Oxoid) were used as negative controls.

Detection methods of tetracycline-resisted genes on isolate
E. coli

Detection of the antibiotic resistance gene in E. coli against
TE antibiotics was carried out using the Multiplex-PCR
method. Tests using Multiplex-PCR were carried out
referring to Skockova et al. [11]. Tests have been carried
out to determine the presence of resistance genes to TE
antibiotics including tet (A), tet (B), tet (C), tet (D), and tet
(E) genes found in E. coli and using primers according to
Ngetal. [19] (Table 1).

Before the test was performed, bacterial isolates were
first collected and cultivated in blood agar and incubated
at 37°C for 24 h and bacterial DNA was extracted from a
single colony using QIAamp DNA Qiagen Minikit (Qiagen).
This test was carried out using PCR (LabCycler) apparatus
with a total volume of reagents and a material used from
20 pl where the main pair each contained 0.5 pl tet (A)
(12.5 pmol/ul), 0.6 pl tet (B) (15 pmol/pl), 0.6 ul tet (C)
(15 pmol/ul), 0.8 pul tet (D) (20 pmol/ul), and 0.4 pl tet (E)
(10 pmol/ul), 10 pl mastermix (2x KAPA 2G Readymix PCR
Kit Fast Hotstart Kit), 2 ul dH20, and 2 pl DNA templates
from the sample tested.

The test cycle has been carried out including
denaturation at 95°C for 3 min and followed by 35
multiplication cycles of DNA strands. The cycle consists
of the denaturation phase at 95°C for 15 sec, anneal-
ing at 53°C for 15 sec and amplification (stretching)
of the DNA strand at 72°C for 30 min. The DNA strand
multiplication cycle ends with an amplification phase
at 72°C for 10 min. The PCR results in the form of a
DNA strand has been duplicated then read through the
electrophoresis stage on 1.5% agarose medium by giv-
ing ethidium bromide dye (0.5 mg/ml) and visualizing
using ultraviolet light. The reference bacteria used in

Table 1. Details of the primers used for the detection of tet (A), tet
(B), tet (C), tet (D), and tet (E) genes.

Size

Gene  Primer Primer sequence (5'-3') (bp) Reference

tet A tet A—F GCT ACATCCTGCTTG CCT TC 210 Ngetal. [25]
tet A-R  CAT AGA TCG CCG TGA AGA GG

tet B tet B—F TTG GTT AGG GGC AAG TTT TG 659 Ngetal. [25]
tet B-R  GTA ATG GGC CAA TAA CAC CG

tet C tet C—F CTT GAG AGC CTT CAA CCCAG 418 Ng et al. [25]
tet C-R ATG GTC GTC ATC TAC CTG CC

tet D tet D-F  AAA CCA TTA CGG CAT TCT GC 787 Ngetal. [25]
tet D-R  GAC CGG ATA CAC CAT CCATC

tet E tet E-F AAA CCA CAT CCT CCA TAC GC 278 Ngetal. [25]
tet E-R AAA TAG GCC ACA ACC GTC AG
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this resistance test was based on E. coli isolates from the
American Type Culture Collection type 25922.

Data analysis

The data that has been obtained were displayed in the
form of tables and graphs that are used to describe the
incidence of E. coli contamination in pig feces in Kupang
City and analyzed descriptively related to the presence of
MDR E. coli contamination in pig feces and spreading of tet
gene in pig farms in Kupang city.

Results and Discussion
Prevalence of Escherichia coli in sample population

This study was conducted to determine the resistance
profile of E. coli in pig farms in Kupang city and found 82
(85.40%) E. coli isolates from 96 samples. This preva-
lence is almost the same as that found by Urumova [20].
The high prevalence rates on farms were caused by E.
coli as a commensal and pathogenic bacterium and have
been found in pig farms and the surrounding environment
[26]. Most pig farms in Kupang city were traditional or
household-scale farms, their pens were located not far
from the home environment and have low hygiene and
sanitation [27]. This condition has caused the spread of E.
coli bacteria from the cage to the environment (humans,
other animals, and the enclosure environment) and vice
versa is very possible.The presence and endurance of E.
coli in pig feces have been affected by the temperature
of the environment, hygiene, and sanitation of the cage
(which is done on the farm). Several studies in the city of
Kupang have shown the presence of E. coli contamination
in pork meat (processed meat of pig origin) [28-30], refill
drinking water [31], and groundwater [32]. The high
number of E. coli has given side effects related to the spread

of antibiotic-resistant genes in animals, animal products,
and the environment [11].

Escherichia coli could be a reservoir for antibiotic-resistant
genes and can transfer genes horizontally to similar bac-
teria or other types through conjugation (transfer of resis-
tant genes via plasmids or other genetic material such as
transposons and integrons) [33]. Furthermore, because of
the important information about these bacteria in studying
resistance levels in the environment, OIE has determined E.
coli (commensal) and Salmonella sp. (pathogen) as an indica-
tor bacteria for conditions of antibiotic resistance in animals
and the environment in monitoring and surveillance pro-
grams [14].

Prevalence of Escherichia coli resistant

Atotal of 82 E. coli isolates were examined by agar diffusion
method (Kirby-Bauer) to determine the resistant profile of
E. coli against 12 antibiotics (eight classes of antibiotics).
The results of antibiotic resistance in Table 2 have shown
that a high level of resistance was found in antibiotics of
erythromycin (85.4%) and KF (58.5%). Some antibiotics
have also been shown to have a large tendency to increase
which can be found in some antibiotics such as colistin
sulfate (34.1%), streptomycin (31.7%), TE (29.3%), and
AML (28%), this has become the next threat to be noticed.
Whereas for a number of other antibiotics have been
found at low levels of resistance (SXT 14.6%, CTX 12.2%,
DO 12.2%, CN 4.9%, NA 2.4%, and CIP 1.2%). Another
important thing was also to have found the potential to
be resistant to some antibiotics that have intermediate
levels such as CTX (52.7%), AML (42.7%), KF (32.9%),
streptomycin (20.7% ), and NA (20.7%). This needs to be
watched out because it could be a big threat if the con-
trol of antibiotic used was not considered properly in the
future. The observed E. coli isolates have shown that 15%

Table 2. Percentage of antibiotic resistance, number of resistant antibiotics, and MDR incidence in pig farm Kupang city, Indonesia.

Number and percentage

Number and percentage Number and percentage

Types of Antibiotic class Breakpoints (8] of resistance of intermediates of susceptible
antibiotics

R/1/S (mm) b3 % b3 % 3 %
AML Penicillin <13/14-17/>18 23 29.1 35 44.3 24 30.4
KF Cephalosporins <14/15-17/>18 48 60.8 27 34.2 7 8.9
CTX <22/23-25/>26 10 12.7 44 55.7 28 354
TE Tetracycline <11/12-14/>15 24 30.4 2 2.5 56 70.9
DO <10/11-13/>14 10 12.7 14 17.7 58 73.4
CT Polymyxin <10/-/>11 28 354 0 0.0 54 68.4
SXT Diaminopyrimidine- <10/11-15/216 12 15.2 0 0.0 70 88.6

Sulfonamide

S Aminoglycosides <11/12-14/>15 26 32.9 17 21.5 39 49.4
CN <12/13-14/>15 4 5.1 3 3.8 75 94.9
E Makrolide <13/14-22/>23 70 88.6 12 15.2 0 0.0
CIP Fuorokuinolon <15/16-20/>21 1 13 4 5.1 77 97.5
NA <13/14-18/>19 2 2.5 17 21.5 63 79.7
CT = colistin sulphate.
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(12/82) have been resistant to one antibiotic while 82%
(67/82) have been resistant to more than one antibiotic.
E. coli strains have shown high variations in the emerging
resistance patterns. The total number of isolates has shown
that resistance to three types of antibiotics (23%) was the
highest and followed by four types of antibiotics (22%).
The number of antibiotics tested from E. coli isolates has
shown various variations from 0 to a maximum of eight
antibiotics that are resistant to one isolate and resistant to
antibiotics Erythromycin (macrolide) was the most com-
monly found (Table 2).

The uncontrolled use of antibiotics for erythromycin
in pig farms has been one of the causes of resistance to
erythromycin [34]. This resistance has been caused by
protein synthesis of erythromycin inhibitors, more spe-
cifically due to the emergence of methyl groups produced
by E. coli which have become inhibitors of erythromycin in
binding to the 50S ribosome subunit [35]. Erythromycin
ribosome methylation (erm) genes have been responsible
for the occurrence of erythromycin resistance that occurs
in the environment, as shown by Koike et al. [36] related to
the presence of genes such as ermB, ermC, and ermF found
in pig farms areas. Some countries have banned the use of
antibiotics as growth promoters, but Schipp [37] informs
that erythromycin was still used as a growth promoter in
Australia.

Wasinski et al. [38] have revealed the number of
cephalosporin resistance occurring on farms. The
incidence of resistance to cephalosporins has been widely
reported and has a lot to do with pig farming [39]. The use
of cephalotine antibiotics in pig farms in Indonesia has
rarely been done with regard to the clinical management of
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animals but these antibiotics are more commonly used in
poultry farms. The incidence of cephalosporin resistance
has been widely reported in poultry farms, which has
raised fears of cross-contamination from poultry farms to
other livestock, humans, and the environment. At present,
the extended-spectrum f-lactamase (ESBL) has been the
cause of resistance to class 1 and 3 antibiotic cephalospo-
rins such as KF, CTX that occur in humans and animals and
in the environment. ESBL E. coli has been widely reported
to be found around the enclosure of pig farms, as reported
by Von Salviati et al. [40] in Germany.

Attention must also be directed to colistin sulfate
antibiotics because colistin sulfate has been considered
as one of the last drugs to treat MDR bacteria has
shown a threat to the ability of this drug because of the
development of antibiotic-resistant bacteria and this has
also been supported by Shen et al. [41]. The spread of the
coding resistance gene was resistant to colistin by mcr-1,
mcr-2, and mcr-3 have been responsible for this [42].

Prevalence and pattern of MDR Escherichia coli

The prevalence of MDR E. coli in pig farms in the city of
Kupang has shown a high percentage.From the data that
has been obtained, overall around 57.3% (47/82) have
shown MDR E. coli, which has been resistant to three or
more classes of antibiotics. Escherichia coli isolates from
six sub-districts in Kupang city had different resistance
patterns, both in MDR E. coli and non-MDR E. coli isolates.
The most common resistance pattern in non-MDR E.
coli isolates was the E (Erythromycin) pattern and was
followed by the KF-E pattern (Cephalothin-Erythromycin)
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Figure 1. Percentage of antibiotic resistance pattern on MDR E. coli. AML = Amoxicillin; KF = cephalothin;

CTX = cefotaxime; TE = tetracycline; DO = doxycycline;

CT = colistin sulphate; SXT = trimethoprim-

sulfamethoxazole; S = streptomycin; CN = gentamicin; E = erythromycin; NA = nalidixic acid;

CP = ciprofloxacin; and MDR = multi-drug resistance.
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1000 bp
900 bp

Figure 2. Results Amplification of tet A and tet E gene encoding
TE resistance in E. coli at Kupang city pig farm. Lane M: marker
100 bp DNA ladder, Lane 64-96: E. coli isolates from a pig farm
that resistance with TE.

and S-E (Streptomycin-Erythromycin). The most common
resistance pattern in MDR E. coli isolates is the KF-CT-E
pattern (Cephalothin-Colistin-Erythromycin) (Fig. 1). In
general, resistance to antibiotics of erythromycin and KF
has dominated the emerging resistance patterns.

A high pattern of observations of multi-drug resistance
has shown that pigs are a reservoir for antibiotic-resistant
genes. Zhang et al. [8] has also shown that E. coli with high
MDR properties has experienced an increase in numbers in
pig farms, as well as research conducted by Park et al. [26]
have shown the consequences of high antibiotic use which
cause high levels of MDR in E. coli bacteria released into
the environment (water environment) around pig farms by
being associated with the number of integrons as carriers
of resistant genes to the environment. MDR events often
occur in ESBL and methicillin resistant Staphylococcus
aureus-producing bacteria [17], this has caused concerns
about the use of various antibiotics and has been at risk for
the selective bacterial pressure that encourages an increase
in the number of resistant bacteria. Van Breda et al. [43] has
emphasized that emerging multi-drug resistance has made
effective treatment difficult, and requires the use of other
drugs that are more effective to anticipate it.

Furthermore, Strom et al. [44] in his research has
concluded that the incidence of MDR is more common
in medium to small-scale farms and is more common on
farms with many livestock. The results of this study (MDR
level) are in line with the results of research that has been
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shown by Moredo et al. [45] of 52.5%, but very different
from what was shown by Luque et al. [5] of 30.77%. MDR
resistant patterns that have been shown in this study indi-
cate the emergence of 39 patterns (Fig. 1) and these results
are similar to those shown by Tang et al. [46].

Moredo et al. [45] have shown that around 17.5% of
E. coli isolates from pig farms carry an integron that has
been responsible as one of the carriers of resistance to
the environment. Besides that, Tang et al. [46] have also
explained that first class integrons in 27.3% of isolates
observed from pigs have influenced resistance to trimetho-
prim and aminoglycosides. Cho et al. [47] in their study
have shown that resistant E. coli will occur more frequently
in individual agricultural workers (pigs and poultry) than
workers who do not work on farms. Bacterial strains that
already have several genes that encode resistance to some
antibiotics often become multi-resistant compared to oth-
ers [46].

Prevalence of tet genes

The prevalence of TE-resistant coding genes from E. coli
isolates has been shown in Table 3. In studies that have
been conducted to detect this resistant gene, it only focuses
on knowing the presence of genes tet (A), tet (B), tet (C), tet
(D), and tet (E) that encode the gene to TE resistance by
causing pumping TE antibiotic molecules from bacterial
cells (Efflux pump). Twenty-six samples of E. coli isolates
consisting of 24 resistant isolates and two isolates were
intermediates to TE antibiotics, have shown the presence
of tet (A) gene from six isolates (23%), tet (E) genes from
six isolates (23%), and gene combination of tet (A) + tet
(E) from 12 isolates (46%) (Table 3). Several determinants
of resistance to TE antibiotics have been found in E. coli
isolates from pigs, namely genes tet (A) and genes tet (E),
whereas genes tet (B), tet (C), and tet (D) were not found
in this study (Fig. 2). This research has been slightly differ-
ent from the research conducted by Urumova [20] which
found the prevalence of genes tet (A) and tet (B) in E. coli
isolates that have been studied. Tet gene was responsible
for the emergence of bacterial resistance to TE antibiotics.

Tetracycline resistant genes have the highest prevalence
in pig fecal samples and are responsible for the efflux pump

Table 3. Percentage of tet gene types appearing in the observed
sample.

Total number Percentage of the total

Description of samples number of samples
A 6 23
A E 12 46

Pattern of £ 6 23

tet gene
Not 2 8
detection

Total 26 100
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process [35,46]. The incidence rate of tet genes in this study
has shown a high prevalence of resistance to TE antibiotics
in samples from pig feces. Several types of tet genes have
been reported to cause resistance to TE antibiotics such as
tet (A), tet (B), tet (C), tet (D), tet (E), and tet (G) [7,11,19,46].
The diversity of distribution of TE resistant genes has been
dependent on certain environmental conditions such as
waste, soil, and underground water and Horizontal gene
transfer has been known as the main mechanism in the
rapid spread of TE resistant genes to other types of bacteria
in the environment [20]. The tet (A) gene has been asso-
ciated with conjugated plasmids, whereas the tet (E) gene
was associated with non-conjugated plasmids [19], so the
spread of the tet (A) gene should be wider or faster than tet
(E), but in this study showed different results, which also
showed an increase in the number of spreads of the tet (E)
gene in TE resistant E. coli. Antimicrobial resistance (AMR)
that has spread from pigs needs to be monitored. Birkegard
et al. [48] have also emphasized that pigs are a potential
reservoir for the AMR gene that can be transferred to patho-
genic bacteria in humans (through direct contact with pigs
or releasing pig manure into the environment).

Conclusion

In this study, it has been shown that E. coli in pig farms
in the city of Kupang has experienced high resistance to
erythromycin and KF and several other antibiotics that
have been increased such as colistin sulfate, streptomycin,
TE, and AML. Some antibiotics show low resistance such
as SXT, CTX, DO, CN, NA, and CIP, respectively. This increase
in resistance was likely to be attributed to excessive
antibiotic use in animals for production purposes and
the close relationship between humans and livestock
that can cause gene transfer that encodes antibiotic resis-
tance from humans to animals and vice versa. This study
also showed that E. coli isolates had an MDR prevalence
of 57.3% (47/82) with 39 resistant patterns and could
pose a threat to human health due to high resistance to
some commonly used antibiotics. Tet (A) and tet (E) genes
become resistance-coding genes for TE antibiotics com-
monly found in E. coli in pig farms in Kupang City. Public
awareness due to the proper use of antibiotics in pig farms
in the city of Kupang, Indonesia may be an important issue.
Thus, the management of antibiotic use by farmers in the
need to be increased in reducing the emergence of antibi-
otic resistance events on farms is at risk of posing a threat
to the health of humans and animals around them.
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