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Abstract

Background and Aim: The increasing prevalence of resistance (MDR) of Enterobacteriaceae in Indonesia has caused
concern regarding human health. Citrobacter freundii reportedly targets the gastrointestinal tract of animals and is a common
cause of foodbome diseases associated with diarrhea, perimyﬁs, meningitis, brain abscess, bacteremia, and urinary tract
infection. This study aimed to estimate the prevalence of MDR and the presence of Class | integron-encoding genes in
C. freundii isolates obtained from cloacal swabs of healthy laying chickens in Blitar district, Indonesia.

Materials and Methods: One hundred and sixty-five cloacal swab samples were collected from 33 farms in Blitar over
a period g8 months. Standard microbiological techniques such as bacterial culture in MacConkey agar, Simmons cif@$
agar, and triple sugar iron agar and biochemical tests such as the indole test were performed to identify the isolates. The
antibiotic sensitivity patterns of C. freundii isolates were determined by the disk diffusion method, and MDR-encoding
genes (Class | integron) were detected by polymerase chain reaction (PCR).

Results: Out of 165 cloacal swab samples, 7 (4.24%) were positive for C. freundii. Citrobacter freundii was highly resistant
to erythromycin (71.43%) and moderately to streptomycin, tetracycline, and trimethoprim-sulfamethoxazole (all 42.86%);
however, it showed low resistance to ampicillin (28.57%). All isolates were found to exhibit MDR. Only 1 (14.29%) of the
seven C. freundii isolates harbored a Class 1 integron gene. This study revealed that Class 1 integron-encoding genes have
a low prevalence in C. freundii isolated from healthy laying chickens in Blitar, Indonesia.

Conclusion: Poultry animals can play a role in the transmission of resistance genes to humans due to the MDR of
Enterobacteriaceae, including C. freundii in the intestines.

Keywords: Citrobacter freundii, Class 1 integron gene, human health, laying chickens, multidrug resistance.

Introduction the most widely consumed types of meat and livestock

Citrobacter freundii, a member of the products in Indonesia, _accounting for more than 70%
: oftotal meat consumption [3]. Thus, their products are
the most common sources of contamination by infec-
tious bacteria that can cause diseases in humans and
animals [4]. Citrobacter freundii is a bacterium for

Enterobacteriaceae family, is a facultative anaerobic,
Gram-negative ffccobacillus. It has flagella-driven
motility and is commonly found in water, soil, food,
and the intestines of animals and humans [1]. This ' Tl @ b
species reportedly targets the gastrointestinal tract of .whwh. antibiotic treatment can be applied in the.ga}stljo—
animals and is a common cause of foodbome diseases, 1ntes_t1nz?1 tract of animals and_ humans LS]‘ Antibiotics
leading to diarrhea, peritonitis, meningitis, brain a0 inhibit the growth of microorganisms, although
abscess, bacteremia, and urinary tract infection [2]. treatment with multiple antibiotics can cause multi-

Livestock products are important for food secu- ~ drug resistance (MDR) [6]. Recently, MDR has been
rity in Blitar, Indonesia, where the cost of meat has recog_mzecl as a global public health proble_m 7. 8].
been a focus of the government, academia, and con- Multidrug resistance of C. freundii has also increased

sumers. Poultry chicken and products such as eggs are worldwide [9, 10]. . .
Integrons are genetic structures expressing genes
Copyright: Witaningrum, et af. This article is an open access usually encoding antibiotic resistance [ll]A Class 1

article distril d under the terms of the Creative Commons . include th h istic f Fi
Attribution 4 & ternational License (http://cgeativecommons.org/ integrons include the characteristic features of inte-

licenses/ by/4.0/), which permits unrestri use, distribution,  grons while also being mobile elements. They are
and reproduction in any medium, provided you give appropriate . e - ~ -
credit to the original author(s) and the source, provide a link to Wlddy distributed in C'ram’HEga bacteria found

the Creative Commons license, and indicate if changes were made. clinically and in the environment and are rESpUnSi]:llE

The Creative Commons Public Domain Dedication waiver (http:// - - - . - .
creativecommons.org/ publicdomain/zero/1.0/) applies to the data for the dissemination of different cassette-associated

made available in this article, unless otherwise stated. antibiotic-resistance genes. The Class | integrons
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are a highly prevalent source of the spread of MDR
among BEhm-negative bacteria [ 12, 13] and are found
at high frequencies in pathog@f)and commensals iso-
lated from livestock, creating a worldwide crisis in the
management of bacterial infections [14]. Insufficient
data have been obtained on the antimicrobial resis-
tance of C. fireundii isolates harboring Class | integron
genes isolated from cloacal swabs of healthy laying
chickens.

Thus, this study aimed to estimate the prevalence of
MDR andthe presence of Class | integron-encoding genes
in C. freundii isolates obtained from cloacal swabs of
healthy laying chickens in Blitar, Indonesia.

Materials and Methods

Ethical approval

Cloacal swabs were used in this study; hence,
ethical approval was not necessary. Cloacal swab
samples were collected from laying chicken farms,
Blitar district, Indonesia, as per standard collection
procedure.

Study period and location

This cross-sectional study was conducted from
June to August 2019. One hundred and sixty-five clo-
acal swab samples were collected from laying chicken
farms in Blitar district, Indonesia.

Sample isolation and identification

The samples were collected from 33 farms in Blitar,
Indonesia, which included 165 cloacal swabs of healthy
laying chickens. Farms were selected on the basis of
purposive sampling methods. The cloacal swab sam-
ples were cult@E} in MacConkey agar plates (Oxoid,
Cheshire, UK) and incubated at 37°C for 24 h [ 15]. The
colonies showing positivity for lactose-fermenting bac-
teria were subcultured to obtain pure cultures, followed
by biochemical tests (Indole test, Simmons citrate agar,
and TSIA) to determine C. freundii [ 16].

Antibiotic sensitivity test

Antibiotic sensitivity testing was performed using
the Kirby-Bauer disk diffusion assay on Mueller-
Hinton agar medium [17]. The suspension of 3 mL of
freshly prepared pure culture colonies was standard-
ized to an equivalent of 0.5 McFarland and inoculated
onto culture plates. The antibiotic disks §Ekoid) used
were as follows: Erythromycin (E, 15 pg), strepto-
myecin (S, 10 pg), tetracfine (TE, 30 ug), trimetho-
prim-sulfamethoxazole (SXT, 25 ug), and ampicillin
(AMPEZED g). After the attachment of the antibiotic
disks, the plates were then incubated at 37°C for 24 h.
Interpretations of antibiotic resistanceffEBre performed
in line with the recommendations in the Clinical and
Laboratory Standards Institute guidelines. Multidrug
resistance was classified for those isolates that were
resistant to more than two of the different classes of
antibiotics [ 18].

Detection of Class 1 integron-encoding gene
Multidrug-resistant ~ (MDR)  C.  freundii
was further analyzed for the presence of Class 1

integron-encoding genes using molecular polymerase
chain reaction (PCR) idenfkation techniques.
Bacterial DNA of C. freundii isolates was extracted
with the QlAamp® DN A Mini Kit (Qiagen, Germany).
The primers used to detect Class | integron-encoding
genes were hep 58 (TCATGGCTTGTTATGACTGT)
and hep 59 (GTAGGGCTTATTATGCACGC). The
PCR conditions with denaturaffflh temperatures for
2 minutes at 94°C; extended denaturation at 94°C
for 30 seconds; annealing at 55°C for 45 seconds;
extension at 72°C for 45 seconds; final extension at
72°C for 7 minutes, this reaction was carried out for
30 cycles [19]. Polymerase chain reaction results were
visualized by electrophoresis using 1.5% agarose gel
(Invitrogen, USA) [20, 21].

Results

Among 165 cloacal swab samples collected from
healthy laying chickens at poultry farms in Blitar,
Indonesia, seven samples were positive for C. fre-
undii. The prevalence of C. freundii in chickens was
4.24% among the 33 farms (Table-1). Five panels
of different classes of antibiotics were tested against
C. freundii isolates. The antibiotic sensitivity test indi-
cated that C. freundii isolates were resistant to E at a
high rate of 71.43%. Intermediate rates of resistance
were recorded for S, TE, and SXT (42.86% for each),
while a low rate was observed for AMP (28.57%)
(Table-2 and Figure-1). This study clearly identi-
fied different levels of antibiotic resistance among
C. freundii isolates derived from animals. The highest
level of antibiotic resistance being observed for E is
an indication that this antibiotic has been overused or
abused in animal health care [22]. Five (71.43%) of
the seven C. freundii isolates were discovered to be
MDR (Table-3).

Discussion

This study provides evidence that C. freundii of
animal origin is a possible pathogen that can cause
foodborne diseases. The prevalence of C. fireundii in
chickens was 4.24% among 33 farms. This is in accor-
dance with the findings of Liu ef al. [1], who stated
that the prevalence of C. fireundii was approximately
3%—6% among the isolates of Enterobacteriaceae in
samples. This research also agreed with the previous
studies recognizing C. freundii as an animal pathogen
that causes foodborme outbreaks worldwide [23]. The
identification of MDR C. freundii, as reported in this
study, is in line with other studies on organisms that
belong to the same family of Enterobacteriaceae [9].
This finding is a major public health concem. Previous

Table-1: Prevalence of C. freundii from laying chickens in
Blitar, Indonesia.

Samples 165

C. freundii positive
Class 1 integron

7 (7/165; 4.24%)
1 (1/7; 14.29%)

C. freundii = Citrobacter freundii

International Journal of One Health, EISSN: 2455-8931

162




Available at www.onehealthjournal.org/Vol.8/No.2/7.pdf

Table-2: Antibiotic susceptibility profile of C. freundii isolated from laying chickens in Blitar, Indonesia.

Antibiotic Resistant (%) Intermediate (%) Sensitive (%)
Erythromycin 5(71.43%) 2 (28.57%) 0
Streptomycin 3 (42.86%) 4 (57.14%)
Tetracycline 3 (42.86%) 0 4 (57.14%)
Trimethoprim-sulfamethoxazole 3 (42.86%) 0 4 (57.14%)
Ampicillin 2 (28.57%) 1 (14.29%) 4 (57.14%)

C. freundii = Citrobacter freundii

Table-3: Prevalence of MDR and Class 1 integron in
C. freundii isolated from laying chickens.

Location Code of MDR Class 1 integron
C. freundii by PCR

hFarm 1 Lildn 3 MDR 1

Farm 5 LSan 4 MDR 0

Farm 10 L10Ocn 1R 0

Farm 11 Ll1ldn 4 MDR 0

Farm 16 Ll6an 2R 0

Farm 26 L26dn 5 MDR 0

Farm 29 L29an 5 MDR 0

Total 7 5(71.43%) 1 (14.29%)

C. freundii = Citrobacter freundii, MDR = Multidrug
resistant, R = Resistant, PCR = Polymerase chain reaction

studies from all over the world have revealed that
the prevalence of MDR bacterial pathogens is now a
major public health issue [24-26]. Organisms that are
resistant to three or more classes of antimicrobials are
called MDR [27, 28]. In vitro antimicrobial suscepti-
bility testing is commonly used to characterize organ-
isms as MDR bacteria [29].

Using a molecular method, 1 (14.29%) of the
seven C. freundii isolates was identified to harbor a
Class 1 integron-encoding gene. The amplification of
such a gene from C. freundii in healthy layer chickens
was observed at an amplicon size of 200 bp (Figure-2)
in the isolates recovered from cloacal swab samples
using the primers hep 58 and hep 59 [30]. The results
indicate that resistance to several different antibiotics
is associated with the presence of Class | integron.
This finding is in agreement with studies that observed
MDR bacteria harboring integron genes that boost
their infectivity and resistance to many classes of anti-
biotics [31]. Other studies have detected integrons in
Gram-negative bacteria, which have also increasingly
been discovered in Gram-negative bacteria [32, 33].
Class 1 integron gene was also reported as one of the
fastest spreading [EfBistance genes in Gram-negative
bacteria [34, 35]. Integrons are genetic elements that
can possess MDR genes; their existence can obstruct
the treatment of bacterial infections [36]. Integrons
are classified based on differences in the gene struc-
ture of integrases [37]. Class | integrons have been
found more frequently in Gram-negative bacteria
among the different classes of integrons [14]. This
study has provided genetic evidence of the presence
of an integron-encoding gene in C. freundii, a Gram-
negative bacterium. The importance of Class 1 inte-
grons as repositories of MDR has been reported [38],
and there is increasing evidence for the presence of

80.00%
70.00%
60.00%
50.00%

40.00%

30.00%

20.00%

10.00%

0.00%
E ] TE SXT AMP

Figure-1: Antibiotic resistance pattern of Citrobacter
freundii isolated from laying chickens. E=Erythromycin,
S=Streptomycin, TE=Tetracycline, SXT=Trimethoprim-
sulfamethoxazole, AMP=Ampicillin.

© LICN Lban Libes Lifde Li6an LSen Liban K.

500 bp

Class |

200
Integrongene ®

Figure-2: C(Class 1 integron gene identified from
Citrobacter freundii using polymerase chain reaction
from laying chickens in Blitar, Indonesia. MRK=Marker
(100 bp); K+=Positive control; K-=MNegative control;
L1DN-L29an=Samples, identified amplicon size of Class 1
integron encoding gene = 200 bp.

49

genes encoding &.ss | integrons in poor sanitation.
The presence of Class 1 integrin-encoding gene in an
amplicon obtained using fep 58-59 primers suggested
the possibility of MDR gene, which was confirmed by
studying the isolated strains. These results indicate that
Class | integron genes are present in poultry animals
and their products. Citrobacter freundiihas mostly
been collected from poultry [39, 40]. This bacterium is
potentially pathogenic to animals and humans, being
cytotoxic and aggregative [2]. Aggregative adherence
to epithelial cells has been recognized as a putative
virulence factor contributing to bacterial pathogenic-
ity [2]. The presence of integrons in MDR properties
of C. fruendii will add to the difficulties in treating
infections by this bacterium [41-43].

Recent studies on environmental pollution
have confirmed thatMDR bacteria can be transmit-
ted to humans and poultry animals through various
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distribution routes [44]. The MDR bacteria involve-
ment in Enterobacteriaceae is well established as an
important part of global public health policy. This idea
that poultry is a good indicator as a source for MDR
bacteria from environmental pollution and argues the
importance of the One Health approach because these
poultry animals can significantly contribute indirectly
to the transmission of resistant genes to other seg-
ments of environments [45]. Immediate etforts are
required to deal with the emergence of MDR bacte-
ria, including antimicrobial resistance in humans and
poultry. Antimicrobial resistance from animals has
become a public health issue, as evidence has shown
the transmission of antimicrobial-resistant bacteria,
including Gram-positive bacteria [46-48], or their
resistance genes, between animals and humans [49].
Poultry animals can play a role in the transmis-
sion of resistance genes to humans due to the MDR
of Enterobacteriaceae, including C. freundii in the
intestines.

Conclusion

The prevalence of C. freundii in healthy laying
chickens was observed to be low, with an incidence of
E3%. Cinobacter fieundii was discovere@@g@ show
resistance to multiple classes of antibiotics. A Class 1
integron-encoding gene was identified in C. fieun-
dii of animal origin. The finding of MDR C. freun-
dii with a plasmid containing a characteristic Class 1
integron supported the concept that there is an envi-
ronmental reservoir of resistance. Exploration of the
molecular genetic features of C. freundii harboring a
Class 1 integron gene in poultry may also facilitate
epidemiological monitoring and source tracking of
resistance determinants and their environments. This
would deepen our understanding of the ecological
cycle of antibiotic resistance. This may enable prac-
tical interventions to reduce the traffic of resistance
genes through the use of appropriate and effective
antibiotics in laying hens, good farm biosecurity prac-
tices, and proper hygiene in farms. As such, this study
provides a basis for improving public health.

Authors’ Contributions

MHE and FJW: Conceptualization. MHE, AMW,
and DAP: Data curation. FJW and AMW: Formal anal-
ysis. MHE and FJW: Funding acquisition. AMW and
DAP: Investigation. MHE and AMW: Methodology.
MHE and AMW: Project administration. MHE,
AMW, and DAP: Resources. MHE and FJW:
Supervision. MHE and ENU: Validation. FJW and
AMW: Visualization. MHE, FIW, and ENU: Writing
original @ ft. MHE and ENU: Writing — review and
editing. All authors have read and approved the final
nuscript‘

Acknowledgments

This study was partly funded by the Direktorat
Riset dan Pengabdian Masyarakat, Deputi Bidang

Penguatan Riset dan Pengembangan, Kementerian
Pendidikan, Kebuday@Zh, Riset, dan Teknologi,
Indonesia in the fiscal year 2022 (Grant number: 761/
UN3.15/PT/2022).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World [EBhblisher of International
Journal of One Health) remains neutral with regard
to jurisdictional claims in published mstitutional
affiliation.

References

1. Liy LIL, WafBIN.Y, Wu, A.Y.J, Lin, C.C., Lee, C.M.
and Liu, C.P. (201 8) Citrobacter freundyii bacteremia: Risk
factors of mortality and prevalence of resistance genes. J.
robioi, Immunol. Infect., 51(4): 565-572.

2. Bai L., Xia, 8., Lan, R, Liu, L., Ye, C. and Wang, Y. (2012)
Isolation and characterization of cytotoxic, aggregative.
Citrobacter freundii. PLoS One, 7: e33054.

3. Effendi, MH. Tyasningsih, W. Yurianti YA.,

Rahmahani, J., Harijani, N. and Plumeriastuti, H. (2021)
Prm:e of multidrug resistance (MDR) and extend-
ed-spectrum beta-lactamase (ESBL) of Escherichia coli
isolated from cloacal swabs of broilers in several wet mar-
kets in Surabaya, Indonesia. Biodiversitas, 22(1): 304-310.

4. Ariza-Prota, M.A., Pando-Sandoval, A., Garcia-
Clemente, M., Femdndez, R. and Casan, P. (2015)
Community-acquired pneumonia and empyema caused by
Citrobacter koseri in an immunocompetent patient. Case
Rep. Pulmonol., 2015: 670373,

5. Hidayatullah, A.R., Effendi, M.H., Plumeriastuti, H.,
Wibisono, FM., Hartadi, E.B. and Sofiana, E.D. (2020) A
review of the opportunistic pathogen Citrobacter freundii
in piglets post-weaning: Public health importance. Syst Rew.
Pharm., 11(9): 767-773.

6. Rahmahani, J., Salamah, Mufasirin, Tyasningsih, W. and
Effendi, M.H. (2020) Antimicrobial resistance profile of
Escherichia coli from cloacal swab of domestic chicken in
Surabaya Traditional Market. Biochem. Cell. Arch., 20(1):
2993-2997.

7. nshariela. E., Effendi, M.H., Plumeriastuti, H. (2021)
Genetic identification of shiga toxin encoding gene from
cases of multidrug resistance (MDR) Escherichia coli iso-

from raw milk. Trop. Anim. Sci. J., 44(1): 10-15.

8 Widodo, A., Effendi, M.H. and Khairullah, AR (2020)
Extended-spectrum  beta-lactamase  (ESBL)-producing
Escherichia coli from livestock. Syst. Rev. Pharm., 11(7):
382-392.

9. Liu, L., Chen, D., Liu, L., Lan, R., Hao, S., Jin, W., Sun, H.,
Wang, Y., Liang, Y. and Xu, J. (2018) Genetic diversity,
multidrug resistance, and virulence of Citrobacter freundii
from diarrheal patients and healthy individuals. Froat. Cell.
Infect. Microbiol., 8: 233,

10, Pepperell, C., Kus, J.V,, Gardam, M.A., Humar, A. and
Burrows, L.L. (2002) Low-virulence Citrobacter species
encode resistance to multiple antimicrobials. Antimicrob.
ms Chemother., 46(11): 3555-3560.

I1.  Gillings, M.R. (2014) Integrons: Past, present, and future.
Microbiol. Mol Biol. Rev., 78(2); 257-277.

12, Kargar, M., Mohammadalipousgl., Doost, A., Lorzadeh, S.
and Japoni-Nejad, A. (2014) High prevalence of class 1
to 3 integrons among multidrug-re@gant diarrheagenic
Escherichia coli in Southwest of Iran. Osong Public Health
Res. Perspect., 5(4): 193-195.

13, Permatasari, D.A., Witaningrum, A.M, Wibisono, F.J. and

International Journal of One Health, EISSN: 2455-8931

164




Available at www.onehealthjournal.org/Vol.8/No.2/7.pdf

(]
(]

28.

Effendi, M.H. (2020) Detection and prevalence of multi-
drug-resistant Kiebsiella pneumoniae strains isolated from
ultry farms in Blitar, Indonesia. Biodiversitas, 21(10):
542—464?.
Gillings, M., Boucher, Y., Labbate, M., Holmes, A,
Krishnan, 5., Holley, M. and Stokes HW. (2008) The evolu-
tion of class 1 integrons and the rise of antibiotic resistance.
J. Bacteriol. Res., 190(14): 5095-5100.
Al Humam, N.A. (2016) Special biochemical profiles of
Escherichia coli strans isolated from humans and cam-
els by the VITEK 2 automated system in Al-Ahsa, Saudi
Babia. Afr. J. Microbiol Res. 10(22): 783-790.
Janda, .M., Abbott, 8.L., Cheung, W.K.W. and Hanson, D.F,
(1994) Biochemical identification of citrobacteria in the
clinical laboratory. J. Clin. Microbiol., 32 (8): 1850-1854.
Nassar, M.S.M., Hazzah, WA, and Bakr, WM.K. (2019)
Evaluation of antibiotic susceptibility test results: How
uilty a laboratory could be? ). Egypt Public Health Assoc.,
1): 4.
Clinical and Laboratory Standards Institute (2017)
Performances Standards for Antimicrobial Susceptibility
Testing. M100 27" ed. Clinical and Laboratory Standards
titute, United States
Singh, T., Das, 5., Ramachandran, V.G., Wani, 8., Shah, D.,
Maroof, K.A. and Sharma, A. (2017) Distribution of inte-
grons and phylogenetic groups among opathogenic
Escherichia coli isolates from children <5 years of age in
Delhi, India. Front. Microbial., 8: 561.
Yanestria, S.M., Rahmaniar, R.P., Wihisono, F.J. and
Effendi, MLH. (2019) Detection of invA gene of Salmonella
from milkfish (Chanos chanos) at Sidoarjo wet fish market,
Indonesia, using polymerase chain reaction technique. Vet
World, 12(1): 170-175.
Ansharieta, R., Effendi, M.H., Ramandinianto, S.C. aeg)
Plumeriastuti, H. (2021) Molecular identification of
bla_,, and bla genes encoding extended-spectrum
B-lactamase (ESBL) producing Escherichia coli isolated
from raw cow’s milk in East Java, Indonesia. Biodiversitas,
22(4): 1600-1605.
Wibisono, F.I., Sumiarto, B., Untari, T., Effendi, M.H.,
Permatas A and Witaningrum, AM. (2020) The
presence of extended-spectrum  beta-lactamase (ESBL)
Producing Escherichia coli on layer chicken farms in Blitar
Area, Indonesia. Biodiversitas, 2 |(6) 2667-2671.
Aminharati, F., Ehrampoush, M.H. Dal M.M.,
Yaseri, M., Tafti, A.A. and Rajabi, Z. (2019) Citrobacter
freundii foodborne disease outbreak related to environmen-
tal conditions in Yazd province, Iran. [ran J. Public Health,
B36): 1099-1105.
Van Duin, D. and Paterson, D.L. (201 6) Multidrug-resistant
bacteria in the community: Trends and lessons learned.
Infect. Dis. Clin. North Am., 30(2): 377-390.
Aglam, B., Wang, W, Arshad, M., Khurshid, M.,
Muzammil, 8., Rasool, M.H., Nisar, M.A., Alvi, RF,
Aslam, M.A., Qamar, M.U., Salamat, M. and Baloch, Z.
(2018) Antibiotic resistance: A rundown of a global crisis.
Infect. Drug Resist., 11: 1645-1658.
Wibisono, F.I., Sumiarto, B., Untari, T., Effendi, M.H.,
Permatasari, D.A. and Witaningrum, A.M. (2020) Short
communication: Pattern of antibiotic resistance on extend-
ed-spectrum beta-lactamases genes producing Escherichia
coli on laying hens in Blitar, Indonesia. Biodiversitas,
E210): 4631-4635.
Magiorakos, A.P., Srinivasan, A., Carey, R.B., Carmeli, Y.,
Falagas, M.E., Giske, C.G., Harbarth, 5., Hindler, J.F.,
Kahlmeter, G., Liljequist, B.O., Paterson, D.L., Rice, L.B.,
Stelling, I, Struelens, M Vatopoulos, A., Weber, I.T.
and Monnet, D.L. (2012) Multidrug-resistant, extensively
drug-resistant and pandrug-resistant bacteria: an interna-
tional expert proposal for interim standard definitions for
acquired resistance. Clin Microbiol. Infect., 18(3): 268-281.
Wibisono, F.J., Sumiarto, B., Untari, T., Effendi, M.H.,

30.

3L

33

34,

35.

37.

38.

39.

40.

41.

43,

Permatasari, D.A. and Witaningrum, AM. (2021)
Molecular identification of CTX gene of extended-spec-
trum beta-lactamases (ESBL) producing Escherichia coli on
layer chicken in Blitar, Indonesia. J. Anim. Plant Sci., 31(4).
954-959.

Kallen, A.J., Hidron, AL, Patel, J. and Srinivasan, A. (2010)
Multidrug resistance among gram-negative pathogens
that caused healthcare-associated infections reported to
the national healthcare safety network, 2006-2008. Infect.
€ER 0! Hosp. Epidemiol., 31(5): 528-531.

Nagachinta, S. and Chen, J. (2009) Integron-mediated anti-
biotic resistance in Shiga toxin-producing Escherichia Coli.
Eood Prot., 72(1): 21-27.

Akrami, F., Rajabnia, M. and Poumajaf, A. (2019)
Rmmance mlegrom A Mini review. Casp. J. Intern. Med.,
E+): 370-376.

Deng, Y., Bao, X., Ii, L., Chen, L., Liu, J., Miao, I,
Chen, D., Bian, H., Li, Y. and Yu, G. (2015) Resistance
integrons: Class 1, 2and 3 integrons. Ann. Clin. Microbiol.,
14: 45.

Pormohammad, A., Pouriran, R., Azimi, H. and Goudarzi, M.
(2019) Prevalence of integron classes in Gram-negative
clinical isolated bacteria in Iran: A systematic review and
meta-analysis. fran. J. Basic Med. Sci., 22(2): 118-127.
Deng, Y., Wu, Y., Jiang, L., Tan, A., Zhang, R. and Luo, L.
(2016) Multidrug resistance mediated by Class 1 Integrons
in Aeromonas isolated from farmed freshwater animals.
Front Microbiol., 7: 935.

Jones-Dias, D., Manageiro, V., Ferreira, E., Barreiro, P.,
Vieira, L., Moura, LB. and Cani¢a, M. (2016) Architecture
of Class 1, 2, and 3 integrons from gram-negative bacteria
recovered among fruits and vegetables. Front. Microbiol.,
7: 1400.

Mostafa, M., Siadat, S.D., Shahcheraghi, F., Vaziri, F,
Japoni-Nejad, A., Yousefi J, Rajaei B, Mood, EH.,
Zadeh, N.E., Moshiri, A., Siamdoust, S.A. and Rahbar, M.
(2015) Variability in gene cassette patterns of class 1 and
2 integrons associated with multi drug resistance patterns
in Staphylococcus aurews clinical isolates in Tehran-Iran.
BMC Microbiol., 15(1): 152.

Cury, J., Joveé, T., Touchon, M., Néron, B. and Rocha, E.P.
(2016) Identification and analysis of integrons and cassette
arrays in bacterial genomes. Nucleic Acids Res., 44(10)%
4539-4550.

Yim, G., Kwong, W, Davies, J. and Miao, V. (2013)
Complex integrons containing gnrB4-ampC (blaDHA-1) in
plasmids of multidrug-resistant Citrobacter freundii from
wastewater. Can. J. 1&}?}{'{}[ 59(2): 110-116.

Zhou, W., Chen, Q., , C., Shen, K., Zhu, X, Z| .
Lu, W, Sun, Z, Liu, H,, Li, K., Xu, T,, Bao, Q. and Lu, . (2019)
In vitro susceptibility and florfenicol resistance in Citrobacter
isolates and whole-genome analysis of multidrug-resistant
Citrobacter freundii. Int. J. Genomics., 2019: 7191935,
Krauland, M.G., Marsh, JW., Paterson, D.L. and
Harrison, L.H. (2009) Integron-mediated multidrug resis-
tance in a global collection of nontyphoidal Salmonella
enterica isolates. Emerg. Infect. Dis., 15(3): 388-396.
Ansharielﬂ., Effendi, M.H. and Plumeriastuti, H. (2020)
Detection of multidrug-resistant (MDR) Escherichia coli
isolated from raw milk in east Java Province, Indonesia,
Indian J. Forensic Med. Toxicol.,_14(4): 3403-3407.
Witaningrum, A.M., Wibisono, Permatasari, D.A. and
Effendi, M.H. (2021} Detection of Class 1 integron encod-
ing gene in multidrug resistance (MDR) of Citrobacter fre-
undii isolated from healthy broiler chicken. Trop. Anim. Sci.
J., 44(3) 363-368.

Wibisono, F.J., Sumiarto, B., Untari, Effendi, M.H.,
Permatasari, D.A. and Witaningrum, .«a (2021) Cases
of multidrug resistance (MDR) and extended-spectrum
beta-lactamase (ESBL) producing Escherichia coli from
broiler chicken in Blitar, Indonesia. Biochem. Cell. Arch.,
21(Suppl 1): 1923-1929.

International Journal of One Health, EISSN: 2455-8931

165




Available at www.onehealthjournal.org/Vol.8/No.2/7.pdf

44. Ei)rh M.K., Kwaga, JK.P, Hendriksen, R.5.

45.

46.

Enesia. Philipp. J. Vet Med., 55(SI): 115-120.

Okol . E.C. and Thakur, S. (2021) Genetic related- 47.  Rahmaniar, R.P, Yunita, MN. Effendi, M.H. and
ness of multidrug-resistant Escherichia coli isolated from YaneslS,M, (2020) Encoding gene for methicillin-re-
humans, chickens and poultry environments. Antimicrob, {WlinL Staphylococeus awrens (MRSA) isolated from Nasal
Resist Infect. Control, 10: 58, Shb of Dogs. Indian Vet J., 97(2): 37-40.
Sudatip, D, Chasiri, K., Kritiyakan, A, Phanprasit, W., 48, (kB line, V., Effendi, M.H., Rahmaniar, R.P., Yanestria, S.M.
Thinphovong, C., Tiengrim, §., Thamlikitkul, V., and Harijani, N. (2020) Profile of antibiotic-resistant and
Abdallah, R., Baron, SA., Rolain, .M., Morand, S., Hilty M. presence of methicillin-resistant Staphylococcus  aureus
and Oppliger, A. (2021) A one health approach to assessing from nasal swab of dogs from several animal clinics in
occupational exposure to antimicrobial resistance in Thailand: ba;.-u‘ Indonesia. fnt. J. One Health, 6(1): 90-94.
The FarmResist project. PLoS One, 16(1): 0245250, 49, Riwu, K.H.P, Effendi, M.H. and Rantam, F.A. (2020) A
Effendi, M.H., Oktavianto, A. and Hastutick, P. (2018) review of extended-spectrum f-lactamase (ESBL) produe-
Tetracycline resistance gene in Streptococcus agalactiae ing Klebsiella pneumoniae and multidrug-resistant (MDR)
isolated from bovine subclinical mastitis in Surabaya, on companion animals. Syst Rev. Pharm., 11(7): 270-277.
s s sfe sfe sfesk ok

International Journal of One Health, EISSN: 2455-8931

166




Multidrug resistance-encoding gene in Citrobacter freundii
isolated from healthy laying chicken in Blitar District, Indonesia

ORIGINALITY REPORT

18 11« 13« 8«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to Liverpool Hope 1
Student Paper %
researchers.mq.edu.au

Internet Source q 1 %

zombiedoc.com 1
Internet Source %

R. Ansharieta, M. H. Effendi, H. Plumeriastuti. 1

%

"Genetic ldentification of Shiga Toxin
Encoding Gene from Cases of Multidrug
Resistance (MDR) Escherichia coli Isolated
from Raw Milk", Tropical Animal Science
Journal, 2021

Publication
cdstest.net
Internet Source 1 %
H C. Yelnik. "CMI editorial report 2012 : 1 o
Editorial", Clinical Microbiology and Infection, ’
03/2012

Publication




=

Submitted to Cornell University 1
0

Student Paper

E pesquisa.bvsalud.org 1
Internet Source %
n WWWw.ijcmas.com 1
Internet Source %
www.indianjournals.com
10 | 0
nternet Source 0
ir.ymlib.yonsei.ac.kr 1
Internet Source %

—
N

Sejalben S. Chaudhari, Harshadkumar C. <’I y
Chauhan, Kishan K. Sharma, Sandip S. Patel et ’
al. "Antibiotic susceptibility pattern of canine
coagulase positive and coagulase negative
Staphylococcus spp. in a hot and dry region of

India", Topics in Companion Animal Medicine,

2022

Publication

Submitted to Georgia Virtual Technical <1 o
College
Student Paper

annals.org <']
Internet Source %

Submitted to Petroleum Research & <1 o

Development Center
Student Paper




Ronald Rodriguez, Nick Campbell-Kruger, <1 y
Jesus Gonzalez Camba, John Berude, Rachel °
Fetterman, Sarah Stanley. " MarR-Dependent
Transcriptional Regulation of Induces
Ethionamide Resistance in Mycobacterium
abscessus ", Antimicrobial Agents and
Chemotherapy, 2023
Publication
Submitted to Massey Universit

Student Paper y y <1 %
Submitted to University of the Sunshine Coast

Student Paper y <1 %
m.beyotime.com

Internet gi)urce <1 %

Submitted to Institut Seni Indonesia Surakarta <1
Student Paper 0%
Submitted to Royal Veterinary College

Student Paper y y g <1 %
archive.aessweb.com

Internet Source <1 %
udsspace.uds.edu.gh

InternetEource g <1 %
www.thepharmajournal.com

Internet Sourcep J <1 %




E.O. Nwankwo, N. Ekwunife, K.C. <1
n H %
Mofolorunsho. "Nosocomial pathogens
associated with the mobile phones of
healthcare workers in a hospital in Anyigba,
Kogi state, Nigeria", Journal of Epidemiology
and Global Health, 2014
Publication
brage.bibsys.no
Intern§t Source y <1 %
WWW.e-jJyms.or
Internet Sougc{ g <1 %
Ozge Kahraman-llikkan. "Comparison of <1
o : %
Propionibacterium genomes: CRISPR-Cas
systems, phage/plasmid diversity, and
insertion sequences", Archives of
Microbiology, 2022
Publication
M. Gillings, Y..Boucher, M. Labbate, A, <1 o
Holmes, S. Krishnan, M. Holley, H. W. Stokes.
"The Evolution of Class 1 Integrons and the
Rise of Antibiotic Resistance", Journal of
Bacteriology, 2008
Publication
Ashraf M Ahmed, Tadashi Shimamoto. " A <1 o

plasmid-encoded class 1 integron carrying , a

putative phosphoserine phosphatase gene



and from enterotoxigenic 0159 isolated in
Japan ", FEMS Microbiology Letters, 2004

Publication

L. Awawdeh, C. Turni, JL. Mollinger, J. Henning, <1 o
RN. Cobbold, DJ. Trott, J.S. Gibson. " °
Antimicrobial susceptibility, plasmid replicon

typing, phylogenetic grouping, and virulence

potential of avian pathogenic and faecal

isolated from meat chickens in Australia ",

Avian Pathology, 2022

Publication

Jl'nat(!cr)ncitr;!)iurgcee.aZhosted.com <1 o
P aton.org <7«
iudli)nir;;‘ggred to sirgeorgemonouxcollege <1 o
I\/n\:(\e/r\rlw\é\t/.Siocu)rscgjournaIs.org <1 o
Mohan Amarasiri, Daisuke Sano, Satoru <1 o

Suzuki. "Understanding human health risks
caused by antibiotic resistant bacteria (ARB)
and antibiotic resistance genes (ARG) in water
environments: Current knowledge and
questions to be answered", Critical Reviews in
Environmental Science and Technology, 2019

Publication




V. L. Kung, E. A. Ozer, A. R. Hauser. "The <1
%
Accessory Genome of Pseudomonas
aeruginosa", Microbiology and Molecular
Biology Reviews, 2010
Publication
Farzaneh AMINHARATI, Mohammad Hassan <1 o
EHRAMPOUSH, Mohammad Mehdi SOLTAN °
DALLAL, Mehdi YASERI et al. "Citrobacter
freundii Foodborne Disease Outbreaks
Related to Environmental Conditions in Yazd
Province, Iran", Iranian Journal of Public
Health, 2020
Publication
Submitted to Sankalchand Patel Universit
Student Paper y <1 %
Sut.)mltt.ed to Teerthanker Mahaveer <1 o
University
Student Paper
stud.epsilon.slu.se
Internet SoE)rce <1 %
Shrijana Bista, Bindeshwar Yadav, Gopiram <'I o

Syangtan, Jivan Shakya, Reshma Tuladhar,
Dev Raj Joshi, Binod Lekhak. " Emergence of IS
-linked oxacillinase genes among carbapenem
resistant isolates in a tertiary cardiac center,
Nepal ", Cold Spring Harbor Laboratory, 2023

Publication




43 [ <1w
e <1y
Submitted to Jaypee University of Information <1 o
Technology
Student Paper
Renata Kolinska, Petra Spanélova, Michal <1 o
Drevinek, Jaroslav Hrabak, Helena Zemlickova.
"Species identification of strains belonging to
genus Citrobacter using the biochemical
method and MALDI-TOF mass spectrometry",
Folia Microbiologica, 2014
Publication
Verénica Elizabeth Alvarez, Marfa Paula <1 y
Quiroga, Gabriel Alejandro Castro, Marcelo ’
Hernan Cassini, Daniela Centron. "Chapter 7
Molecular Ecology of Class 1 Integrons in
Patagonia as Model System for
Understanding the Rise of Antibiotic
Resistance Isolates Around the World",
Springer Science and Business Media LLC,
2016
Publication
Fereshteh Shahcheraghi. "Molecular <1 o

characterization of class 1 integrons in MDR
Pseudomonas aeruginosaaisolated from clinical



settings in Iran, Tehran", FEMS Immunology &
Medical Microbiology, 12/2009

Publication

H W Stokes. "Gene cassettes encoding <1 o
resistance to quaternary ammonium ’
compounds: a role in the origin of clinical
class 1 integrons?", The ISME Journal,

10/16/2008
Publication

metfncejtlgo.uitiub.unl bremen.de <'I o

ii;neetjsoirecgtral 1.amazonaws.com <1 o

Katakweba, Abdul, Karen Skou Maller, Justice <1 o
Muumba, Amandus Muhairwa, Peter
Damborg, Jesper Tjgrnhej Rosenkrantz,

Uswege M. Minga, Madundo Mtambo, and
John Elmerdahl Olsen. "Antimicrobial
resistance in faecal samples from buffalo,
wildebeest and zebra grazing together with
and without cattle in Tanzania", Journal of
Applied Microbiology, 2014.
Publication
Chang-Ho Kang, YuJin Shin, SeokCheol Jang, <'I o

Yeojung Jung, Jae-Seong So. "Antimicrobial
susceptibility of Vibrio alginolyticus isolated
from oyster in Korea", Environmental Science
and Pollution Research, 2016



Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



