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ABSTRACT

Thiemy aimed to determine the resistance profile and the nature of multidrug
resistance in Extended Spectrum Beia Lactamase | Fproducing Escherichia coli
(E.coli) against several classes of antibiotics. Positive isolates of ESBL-producing E.coli
were tested for antibiotic sensitivity using the VITEK" 2 compact method which then
analyzed automatically. The results showed an antibiotic resistance profile against
ESBL-producing E.coli showed the highest kvel of antibiotics in beta lactam.
amoxicillin, ampicillin, cefazolin, cefotaxime. and ceftriaxone at 100%. Subsequent
results found a relatively high level of resistance in the antibiotics aztreonam (86.36%).
trimethoprim/sulfamethoxazole (77.27%). gentamicin (72.73%). and ciprofloxacin
(68.18%). Antibiotics from carbapenem groups such as ertapenem and memenem, and
antiﬁ@ from the aminoglycosides {amicasin) and tigecycline groups of tetracycline
still showed a high sensitivity level of 100%. The most common resistance pattems
found in ESBL-producing E.coli isolates are AM/AMP/KZ/CTX/CRO/ATM/GM/CIP
as much as 22.73%, and AM/AMP/KZ/CTX/CRO/ATM/GM/CIP/SXT patterns of
18.2%. The results of multi-class antibiotic resistance showed that 86.36% had
multidrug resistance. The highest multidrug resistance pattem in ESBL-producing Ecoli
occurred with a BL/AG/Q/SP pattern of 50%. Other patterns of multidrug resistance in
ESBL-producing E.celi that can be found in this study are, the BL/AG/Q/SP pattern is
18.20%, the BLUAG/Q/SP pattern is 13.64%. and the BL/AG/Q pattern is 4.55%. The
high profile of resistance and the nature of multidrug resistance in ESBL-producing
E.coli has the potential to spread these resistant genes, thus fsking the use of antibiotics
as a public health therapy and animal health, therefore further evaluation and control are
needed.

Keywords: ESBL-producing Escherichia coli, Multidrug resistance, Vitek™ 2 Compact
Method

Introduction

Disease in commercial chicken is one of
constraints causing the decline in economic value
(Wiedosari and Wahyuwardani, 2015). Pathogenic
microorganisms cause infectious diseases, which
is one of a leading cause of death in animals or
even human. The high prevalence of infectious
disease is associated with the high use of
antibiotic in health care (Noor and Peoleonga,
2005). A negative economic consequence in
commercial chicken production can be caused by
Escherichia coli ( E.coli) infection. The existence of
Extended Spectrum Beta Lactamase (ESBL)-
producing E.coli on commercial chicken is highly

associated with E.coli a normal microflora on
gastrointestinal tract of commercial chicken.
Feces and animal housing environment can
facilitate the existence of E.coli, although, chicken
show no symptoms at all of any diseases caused
by the bacteria (Wibisono et al., 2018).
Commercial chicken farm is one of sources
of antibictic resistance. The uncontrolled use of
antibiotic causes the emergence of antibiotic
resistance. Beta lactam antibiotic is the type of
antibiotic commonly used in commercial chicken
production. Resistance to beta lactam antibiotic
can occur in ESBL-producing E.coli (SarfEd et al.,
2013; Hammerum et al, 2014). Extended
Spectrum Beta Lactamase is an enzyme that
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causes resistance to wider spectrum on third
generation of cephalosporins and mobobactams;
thus, the antiobiotic becomes ineffective. ESBL-
producing bacteria can also be resistant to wide
array of antibiotic class: aminoglycoside,
tetracycline chloramphenicol, and
sulfamethoxazole-trimethoprim  (Brower et al,
2017; Sudarwanto et al, 2017). Incidence on
multidrug  resistance to  third  generation
cephalosporins and other antibiotic classes are
often found in ESBL-producing bacteria (Masrurch
et al., 2016). Multidrug resistance is a resistance
to three or more different antibiotic classes
(Handayani et al., 2017).

Identification of ESBL bacteria is a problem
in confirming a diagnosis at the laboratory, either
in therapeutic approach or in the field to prevent
its spread. Clinical and Laboratory Standards
Institute (CLSI) states that ESBL examination
must be performed routinely. According to CLSI
recommendation, ESBL detection consists of two
steps. The first is an initial screen test, a filter test
to reduce the susceptibility to more than one
cephalosporin indicators (cefotaxime, ceftriaxone,
ceftazidime, cefpodoxime) and aztreonam. The
susceptibility reduction from cephalosporins
shows positive results. A positive result from
screening test is followed by the second step,
ESBL confirmation test. The second step aims to
detect the hydrolytic potency of ESBL against
antibiotic used in the screening test. The ESBL
confirmation test deliver a picture of collaboration
action between ceftazidime or cefotaxime, and
clavulanate acid (Amelia et al., 2016; CLSI, 2017;
Biutifasari, 2018).

Methods of identification, antibiotic
sensitivity test, and ESBL-producing bacteria
confirmation test are categorized into phenotype
and genotype examination methods, with their
advantages and limitations. Both phenotypic
bacteria identification and antibiotic sensitivity is
relatively easier than genotypic examination.
Phenotypic examination is performed by using
agar testing met or fully automated automatic
method as in EK® 2 compact automated
system. The VITEK® 2 compact automated
system from Biomerieux works on calorimetric
principle for identification, through biochemical
and antibiotic sensitivity tests. The accuracy of
VITEK® 2 compact automated system ranges from
97.8% (O'Hara, 2005) to 98.02% (Duggal et al.,
2012). This study aimed to determine resistance
profile and the nature of multidrug resistance in
ESBL-producing E.coli against several classes of
antibiotic. Antibiotic resistance is a problem
occurring across the globe, including Indonesia,
both in human and animal health.

Materials and Methods

This study used commercial chicken
cloaca swab sample, collected from commercial
chicken farms in Blitar Regency. 22 positive
ESBL-producing E.coli isolate were identified
using IMBIC test and confirmed as ESBL-
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producing E.coli using Double Disc Synergy
DDST) test (CLSI, 2017; Effendi et al, 2018).

ntification of ESBL-producing E.coliisolate was
performed using VITEK® 2 GN card, while VITEK®
2 AST cards were used to determine the
resistance profile. 3 ml of sterile saline solution
(0.45 — 0.50%; pH 4.5 - 7.0) was put into plastic
tube aseptically to make a bacterial suspension.
E. coli isolate was isolated on MacConkey Agar
(MCA) medium, incubated at 35-37°C for 20-24
hours. E. coli isolate was put int saline solution
using sterile swab to create bacterial suspension.
Bacterial suspensions were homogenized and
0.50 — 0.63 McFarland bacterial turbidity were
made using VITEK® 2 DensiCHEK. These
bacterial suspensions were inoculated to VITEK®
2 card no more than after 30 minutes. Bacterial
suspension tubes and VITEK® 2 cards (GN and
AST) were placed into special rack or cassetie.
Racks containing bacterial suspensions and cards
were placed into vacuum chamber station for 30-
60 seconds. Bacterial suspension was then
transferred into wells. Transfer tubes were cut
automatically. Cards were transferred to incubator
room after 15 minutes, for approximately 8 hours
at 35°C. Cards were then analyzed automatically.
Antibiotic sensitivity test on ESBL-producing E.cofi
was carried out using VITEK® 2 compact, that
consists @58 antibiotics: amoxicillin, ampicillin,
ampicillin/sulbactam, piperacillinitazobactam,
cefazolin, cefotaxime, ceftazidime, ceftriaxone,
cefepime, aztreonam, ertapenem, meropenem,
amikacin, gentamicin, ciprofloxacin, tigecycline,
nitrofurantoin, dan trimethoprim/sulfamethoxazole.
The results were automatically analyzed by
system and interpreted as sensitive, intermediate,
or resistant (Sugiartha, 2016; Biomerieux, 2017).
ESBL-producing E.coli multidrug resistance in this
study used six different antibiotic classes: beta
lactam, aminoglycoside, quinolone, tetracycline,
nitrofuran, and sulfonamide-potential.

Results and Discussion

The resistance test results of ESBL-
producing E.coli from commercial chicken cloaca
swabs against several classes of antibiotic (Figure
1) shows high level of resistance. The highest
percentage of resistance was observed in
amoxicillin, ampicillin, cefazolin, cefotaxime, and
ceftriaxone, by 100%. This result is according to
resistance study on ESBL-producing E.coli at
RPHR of Bogor City that showed 100% level of
resistance  on  penicillin @ and  amoxicillin
(Normaliska et al., 2019). Amoxicillin, ampicillin,
cefazolin, cefotaxime, and ceftriaxone are
categorized as beta lactam class antibiotic,
amoxicilin and ampicillin belong to penicillin,
cefazolin belongs to  first generation
cephalosporins, cefotaxime and ceftriaxone is
third generation cephalosporins class. E.coli which
is often referred as ESBL-producing bacteria has
ability to produce beta lactamase enzyme, an
enzyme that able to inhibit beta lactam (Paterson
and Bonomo, 2005). Beta lactam resistance
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commonly occurs in gram negative bacteria,
including E.coli that can be isolated form animal
products. Poultry is known as ESBL-producing
E.coli reservoir (Schmid et al., 2013; Hammerum
et al, 2014). The high resistance level of ESBL-
producing E.coli from commercial chicken cloaca
swab on beta lactam class antibiotic is caused by
the presence of ESBL enzyme in E.colfi, which is
not limited on digestive tract, but also in the cage,
feces, and surrounding environment (Schroeder et
al, 2004). The enzyme is not only able to
hydrolyze penicillin, but also third generation
cephalosporins and monobactam (Paterson and
Bonomo, 2005; Nuangmek et al., 2018).

A relatively high level resistance of ESBL-
producing bacleria was observed on aztreonam,
trime thoprim/sulfamethoxazole, gentamicin, and
ciprofloxacin, by 86.36%, 77.27%, 72.73%, and
68.18% consecutively, as the previous study with
relatively high level of resistance of ciprofloxacin
(50.0%), entamicin  (60.0%), trimethoprim-
sulfametho le (60%, and ciprofloxacin (40.0%)
(Cormican et al, 1996; et alKurekeci et al., 2017;
Sudarwanto et al., 2017). Other antibiotics such
as ertapenem and mempenem from carbapenem
class, amikacin (aminoglycoside class), and
tigecycline (tetracycline class) still show high level
of sensitivity (100%), according to mechanism of
action of ESBL which hydrolyze penicilin class
antibiotics, first, second, and third generations of
cephalosporin, and monobactam antibiotic class,
but inactive on carbapenem class (imipenem,

meropenem, ertapenem) (Lim et al, 2013;
Biutifasari, 2018). Nitrofurantoin has lower
resistance level than trimethoprim-

sulphamethoxazole and fluoroquinolone (Rank et
al., 2018).
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The susceptibility result shows a nearly
similar pattern for all isolates (Table 1). The most
resistance pattern seen on ESBL-producing E.coli
was AM/AMP/KZ/CTX/CRO/ATM/GM/CIP pattern
(22.73% or 5/22), and
AM/AMP/KZ/ICTX/ICRO/ATM/GM/CIP/SXT (18.2%
or 4/22). The result of t multiclass antibiotic
resistance shows 86.36% (19/22) had multidrug
resistance (Table 2). Multidrug resistance is
certain bacterial resistance to three or more
different antibacterial class (Kurniawati et al.,
2015). Multidrug resistance is a problem that hard
to resolve in disease treatment. This condition is
caused by the practice of the antibiotic use as
disease preventive measures in commercial
chicken production. Antibiotic has been used to
control the level of morbidity, mortality, and
infection of E.coli. While antibictics are mostly
used as therapeutic, several antibiotic classes are
used for sub therapeutic purpose to prevent the
emergence of disease in animal production
(MNiasono et al.,, 2019). The use of antibiotic at sub
therapeutic level can lead to the emergence of
multidrug resistance (Wang et al., 2015).

The highest level of multidrug resistance
patter of ESBL-producing E.coli was observed on
BL/AG/Q/SP pattern (50% or 11/22). Other
multidrug resistance patterns found in this study
were BL/AG/Q/SP (18.20% or 4/22), BLIAG/Q/SP
(13.64% or 3/22), and BL/AG/Q (4.55% or 1/22).
This study demonstrates that the high incidence of
multidrug resistance can indicate the high risk of
transmission on other chicken at the farm, to
cause a transmission of antibiotic resistance on
multi class antibiotics. The condition can result in
the high potential failure of antibiotic treatment

I ‘. |I I ‘
ME

AK  GM CIP TC NFT SXT

profil resistensi metode vitek 2

mTotalR 100 100 27,3 0O 100
mTotall 0 0

TotalS 0O

31,6 909 0 0 0 0
0 40,9909 0 0

100 31,8 100 27,3 86,4 O 0 0

72,7 68,2 0 0 773

0 0 0 0 0 4558909 0 273 O

68,2 0 72,7 13,6 100 100 100 22,7 22,7 100 72,7 22,7

Figure 1.stanoe profiles of ESBL-producing E.colf using VITEK® 2 method
xicilin = AM: Ampicilin = AMP; Ampicillinfsulbactam = SAM; PiperacillinTazobactam = TZP: Cefazolin = KZ: Cefotaxime = CTX;
Ceftazidime = CAZ; Ceftriaxone = CRO; Cefepime = FEP; Aztreonam = ATM; Ertapenem = ERT; meropenem = MEM; amikacin = AK;
gentamicin = GM; ciprofloxacin = CIP; tigecycline = TC; nitrofurantoin = NFT; trimethoprim/sulfamethoxazole = SXT; R = Resistance; | =
Intermediate; 5 = Susceplible)
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Table 1. Isolates belonging to individual antibiotic resistance profiles

Antibiotic
A A T K c c c F A E M A G € T N & P
Cle W mw Az z T A B E T R EKMI CF X pemimoooa
_m M P X z ﬁ P h T M P T T
Ec1 R R 5 8§ R R s R s R § 8 8 R R &8 8 & AWAMP/KZ RO
IATMIGMIC]
Ec2 R R s 8 R R s R s R § &8 8 R R & 5 R AWAMPKZ RO
IATMIGMICI
Ec3 R R s 8 R R s R s R § &8 8§ R R & & R AWAMPKZICTX/CRO
IATMIGMICIP/SXT
Ec4 R R | s R R s R s R S 858 5 R R 5 | 5 AMAMP/KZ, RO
IATMIGMICI
Ecs R R 5 8§ R R 5 8 R 5 8 8 R R &8 85 R AWAMP/KZ RO
@ IATMIGMICIP/SXT
Ecé R R | 8 R R 5 - 5 8 8 R R & &5 & AWAMP/KZICTX/CRO
n IATMIGMICIP
Ec? R R R & R R R R s R 8§ 8 8 85 1 § & R AMAMP/SAMKZICTX
ICAZICROIATMISKT
Ec8 R R s 8 R R s R s R § &8 8 R & & 5 R AWAMP/KZICTX/CRO
IATMIGMISXT
Ecd R R | s R R s R s R § &8 85 R & 5 &5 R AWAMP/KZICTXCRO
IATMIGMISXT
Eci0 R R 5 8§ R R s s s $ 8 858 R 85 8§ | R AMAMP/KZICTX/CRO
h IGMSXT
Ec11 R R | 8 R R 5 R s 5 8 8 R R & &8 R AWAMP/KZICTXCRO
n IGMCIP/SXT
Eci2 R R | s R R 5 R 8 R 5 8 8 R R & | S AMAMP/KZ/CTX/CRO
IATMIGMICIP
Ec13 R R 5 8§ R R 5 R 8 R § 8 8 R R & &5 R AWAMP/KZICTXCRO
IATMIGMICIP/SXT
Eci4 R R 5 8§ R R s R s R § 8 8 R R & & § AWAMP/KZICTXCRO
IATMIGMICIP
Eci§ R R s 8 R R s R s R 5§ 8§ 8 5 1 S & R AMAMP/KZICTX/CRO
IATMISKT
Ec1 R R | s R R R R R R § &8 5 R R & &5 R AWAMP/KZICTX/ICAZ!
CROFEP/ATMIGMICI
;T
Ec17? R R R R A R R A R § 8 58 5 R 5 | R P/SAMIKZICTX
RO/FEP/ATM/
Ecig R R R & R R R R R R 5 8 8 R R &8 &8 R mﬁSAMJ‘KZJCTX
ICAZICROIFER/ATM!
IP/SXT
Ec1g R R R S R R R R R R 5 5 5 5 R 5 | R P/SAMKZICTX
ICAZICROIFEP/ATM!
CIPISXT
Ec20 R R R R R R R R R § s 8§ | 5§ 8§ |1 R AMAMPISAMKZICTX
ICAZICROIFER/ATMIS
XT
Ec21 R R R & R A s R s R § 8§ 5 R 5§ &5 S5 R AWAMP/SAMKZICTX
ICROATMIGM/SXT
Ec22 R R | s R R R R R R § &8 5 85 R & 5 R AWAMP/KZIICTX/ICAZ!
CROQIFER/ATMICIPIS
KT
Total
R 2 22 6 0 22 22 7 22 6 18 o o o 1 i 0 0 1
6 5 7
1 o 0 72 o [} o 0 o o 0 0o 1 2 0 6 0
k-] 1] 0 8 20, [} 15 L] 16 3 2 2 2 &5 5 2 1 5
50 il 2 5 3 5 >3}
(Amacxicilin = AM; Ampicillin = AMP; Ampicillin/sulbactam = SAM; Piper: obactam = TZP; Cefazolin = KZ; Cefotaxime = CTX; Ceftazidime = CAZ;
Ceftriaxone = CRO: Cefepime = FEP: Aztreonam = ATM; Er = " = MEM; amik = AK: icin = GM; cip = CIP;
line = TC; in = NFT: timethoprim/sulf: hoxazole = SXT,; M= i I=l di 8= ibl
Table 2. Multidrug resistance pattern of ESBL-producing E.coliisolate
Sample Beta Aminogl id Quincl T li Nitrof I i MDR Multidrug
code lactam potential Rasistance Pattem
Eci R R R 5 S 5 MDR BLAG/IQ
Ec2 R R R 5 S R MDR BLAG/QISP
Ec3 R A A s s R MDR BUAG/Q/SP
Ec4 R R R 5 | 5 MDR BLAG/IQ
Eck R R R s s R MDR BLUAGQSP
Ecé R R R 5 s 5 MDR BLAG/Q/NFISP
Ec? R s | s s R NEGATIF BL/SP
Ecé R R s 5 s R MDR BL/AG/SP
Ecd R R S 5 S R MDR BL/AG/SP
Ec10 R R s s | R MDR BL/AG/SP
Ec11 R R ] ] s R MDR BLIAGIQVSP
Eci2 R 5 A s | s MDR BUAG/IQ
Ecld R R R 5 S R MDR BLAG/QISP
Ec14 R R R s s s MDR BLAG/Q
Ec15 R 5 | 5 s R NEGATIF BL/SP
Ec1é R R R s s R MDR BLUAG/IQISP
Ec17 R 5 R 5 | R MDR BUAG/Q/SP
Ec18 R R R S S R MDR BUAG/QISP
Ec18 R s A s | R MDR BUAG/ISP
Ec20 R | s 5 | R NEGATIF BL/SP
Ee21 R R s s s R MDR BL/AG/SP
Eca2 R 5 R 5 s R MDR BLUAG/Q/SP
(Beta laktam = BL; inogl ida = AG; O k =0;T yeline = TC; Mitrof = NF; Suffonamide potensial = SP; R = Resistance; | = Intermediate;
S = Susceptibla).
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during the existence of infectious disease at the
farm. The different resistance pattern arises due
to the varied antibiotic combinations used by
farmers, as stated by Bywater et al (2014) in
which various type of antibiotics, geographic
conditions, and production system are factors
causing the different resistance pattern.

Conclusion

The highest antibiotic resistance of ESBL-
producing E.coli was observed on amoxicillin,
ampicillin, cefazolin, cefotaxime, and ceftriaxone
(100%). Ertapenem and mempenem from
carbapenem antibiotic class, and amikacin
(aminoglycoside class), and tigecycline
(tetracycline class) still display high sensitivity
(100%). The most resistance pattemn found in this
study was AM/AMP/KZ/CTX/CRO/ATM/GM/CIP
(22.73%), and
AM/AMP/KZ/CTX/CRO/ATM/GM/CIP/SXT
(18.2%). The result of multi class antibictic
resistance exhibits 86.36% are multidrug resistant,
with the highest multidrug resistance occurred in
BL/AG/Q/SP (50%).

Acknowledgment

This study was funded by Dana Hibah
Penelitian Mandat from Universitas Airlangga,
Indonesia in 2019.

References

Amelia, A., A. Nugroho, and P. N. Harijanto. 2016.
Diagnosis and management of infections
caused by enterobacteriaceae producing
extended spectrum Beta-Lactamase. Acta
Medica Indonesiana -The Indonesian
Joumnal of Internal Medicine. 48: 156—166.

Biomerieux. 2017. AST and Resistance Detection,
Antibiotic Suceptibility Testing bioMérieux
Industry  website. Available  from:
http:/Aww.biomerieux-industry.com/ast-
and-resistance-detection.

Biutifasari, V. 2018. Extended Spectrum Beta -
Lactamase (ESBL ). oceana Biomedicina

Journal. 1: 1-6.

Brower, C. H., S. Mandal, S. Hayer, M. Sran, A.
Zehra, S. J. Patel, R. Kaur, L. Chatterjee,
S. Mishra, B. R. Das, P. Singh, R. Singh, J.
P. S. Gill, and R. Laxminarayan. 2017. The
prevalence of extended-spectrum beta-
lactamase-producing  multidrug-resistant
Escherichia coli in poultry chickens and
variation according to farming practices in
Punjab, India. Environmental Health
Perspectives. 125: 1-10.
doi:10.{8B9/EHP292.

Bywater, R., H. Deluyker, E. Deroover, A. de
Jong, H. Marion, M. McConville, T. Rowan,
T. Shryock, D. Shuster, V. Thomas, M.
Vallé, and J. Walters. 2004. A European
survey of antimicrobial susceptibility
among zoonotic and commensal bacteria

Resistance Profile of Extended Spectrum Beta Lactamase-Producing

isolated from food-producing animals.
JoERl of Antimicrobial Chemotherapy.

54:744-754. doi:10.1093/jac/dkh422.

Clinical and Laboratory Standards Institute (CLSI).
2017. M100 Performdff® Standards for
Antimicrobial. 27th ed. Clinical and
Laboratory Standards Institute, USA.

Available from: www.clsi.org

Cormican, M. G., S. A. Marshall, and R. N. Jones.
1996. Detection of extended-spectrum B-
lactamase (ESBL)-producing strains by the
Etest ESBL screen. Journal of Clinical
MicrdgEjlogy. 34: 1880-1884.

Duggal, S., R. Gaind,Tandon, M. Deb, and T.
Das Chugh. 2012. Comparison of an

automated system with conventional
identification and antimicrobial
susceptibility testing. International

Scholarly Research Network Microbiology.
2012. doi:10.5402/2012/107203.

Effendi, M. H., |. G. Bintari, E. B. Aksoro, and |. P.
Hermawan. 2018. Detection of blaTem
Gene of Klebsiella pneumoniae Isolated
from swab of food-producing animals in
East Java. Tropical Animal Science
Journal. 41: 174-178.

doi:10.53981as|.2018.41.3.174.

Hammerum, A. M., J. Larsen, V. D. Andersen, C.
H. Lester, T. S. S. Skytte, F. Hansen, S. S.
Olsen, H. Mordhorst, R. L. Skov, F. M.
Aarestrup, and Y. Agerso. 2014.
Characterization of extended-spectrum B-
lactamase (ESBL)-producing Escherichia
coli obtained from Danish pigs, pig farmers
and their families from farms with high or
no consumption of third- fourth-
generation cephalosporins. Journal of
Antimicrobial Chemotherapy. 69: 2650-
2657. doi:10.1093/jac/dku180.

Handayani, R. S., S. Siahaan, and M. J. Herman.

2017. Resistensi  antimikroba  dan
penerapan kebijakan pengendalian di
Rumah Sakit di Indonesia. Jurnal

Penelitian dan Pengembangan Pelayanan
Kesehatan. 1: 131-140.

Kirekei, C., M. Aydin, M. Yipel, M. Katouli, and
Gundogdu. 2017. Characterization of
extended spectrum [(-lactamase (ESBL)-
producing Escherichia coli in Asi (Orontes)
River in Turkey. Journal of Water and
Health. 15: 788-798.

doi:10.2166/wh.2017.257.

Kurniawati, A. F., P. Satyabakti, and N. Arbianti.

2015. Perbedaan Risiko  Multidrug

Resistance Organisms (MDROS) Menurut

Faktor Risiko dan Kepatuhan Hand

Hygiene. Jurnal Berkala Epidemiologi.

3:277-289.

doi:http://dx.doi.org/10.20473/be. V3132015
(A.277-289.

Lim, C. L. L., W. Lee, A. L. C. Lee, L. T. T. Liew,
S. C. Nah, C. N. Wan, M. P. Chlebicki, and
A L H. Kwa. 2013. Evaluation of
ertapenem use with impact assessment on
extended-spectrum beta-lactamases

52




Freshinta Jellia Wibisono et al.

(ESBL) production and gram-negative
resistance in Singapore general pital
(SGH). BMC Infectious Diseases. 13: 1-
10. doi:10.1186/1471-2334-13-523.
Masruroh, C. A., M. B. Sudarwanto, and H. Latif.
2016. Tingkat kejadian Escherichia coli
penghasil extended spectum B -
Lactamase yang diisolasi dari feses broiler
di kota Bogor. Jurnal Sain Veteriner. 34:

42-49.
Niasono, A. B., H. Latif, and T. Purnawarman.
2019. Resistensi antibiotik terhadap

bakteri Escherichia coli yang diisolasi dari
peternakan ayam pedaging di Kabupaten
Subang, Jawa Barat. Jurnal Veteriner. 20:
187-195.
doi:10.19087/jveteriner.2019.20.2.187.

Noor, S. M. and M. Poeloenga. 2005. Pemakaian
antibiotika pada termak. Lokakarya
Nasional Keamanan Pangan Produk
Peternakan. Auditorium Balai Penelitian
Veteriner. Bogor. 56-64.

Normaliska, R., M. B. Sudarwanto, and H. Latif.
2019. Pola resistensi antibiotk pada
Escherichia coli penghasil ESBL dari
sampel lingkungan di RPH-R Kota Bogor.
Acta Veterinaria Indonesiana. 7: 42-48.

doi:10.29244/avi.7.2.42-48.

Nuangmek, A., S. Rojanasthien, S. Chotinun, P.
Yamsakul, P. Tadee, V. Thamlikitkul, N.
Tansakul, and P. Patchanee. 2018.
Antimicrobial ~ resistance in  ESBL-
Producing Escherichia coli isolated from
layer and pig farms in Thailand. Acta
Scientiae Veterinariae. 46: 1538.

O'Hara, C. M. 2005. Manual and automated
instrumentation  for identification  of
enterobacteriaceae and other aerobic
gram-negative bacilli. Clinical microbiology
reviews. 18: 147-162.
doi:10.1128/CMR.18.1.147.

Paterson, D. L. and R. A. Bonomo. 2005.
Extended Spectrum Beta-Lactamases: a
Clinical Update. Clinical Microbiology
Reviews. 18: 657-686.
[73:10.1128/CMR. 18.4.657.

Rank, E. L., T. Lodise, L. Avery, E. Bankert, E.
Dobson, G. Dumyati, S. Hassett, M. Keller,
M. Pearsall, 'é.ubowski, and J. J.
Carreno. 2018. Antimicrobial susceptibility
trends observed in urinary pathogens
obtained from New York state. Open
Forum Infectious Diseases. 5@ 1-6.
doi:10.1093/0fiERly297.

Santos, L. L. dos, R. A. Moura, P. Aguilar-
Ramires, A. P. De Castro, and N.

53

Resistance Profile of Extended Spectrum Beta Lactamase-Producing

7
Lincopan. 2013. Current status of
extended-spectrum B -lactamase ( ESBL )
-producing Entercbacteriaceae in animals.
Microbial pathogens and strategies for
combating them: science, technology and

education. 1600-07.

Schroeder, C. M., D. G. White, and J. Meng.
2004. Retail meat and poultry as a
reservoir of antimicrobial-resistant
Escherichia coli. F Microbiology.
21:249-255. doi:10.1016/50740-
0020(03)00074-1.

Schmid, A., S. Hormansdorfer, U. Messelhausser,
A. Kasbohrer, C. Sauter-Louis, and R.
Mansfeld. 2013. Prevalence of extended-
spectrum fB-lactamase-producing
Escherichia coli on Bavarian dairy and beef
caltle farms. Applied and Environmental

MicEbiology. 70: 3027-3032.
doi:10.1128/AEM.00204-13.
Sudarwanto, M. B., D. W. Lukman, T.

Purnawarman, H. Latif, H. Pisestyani, and
E. Sukmawinata. 2017.  Multidrug
resistance extended spectrum B-lactamase
and AmpC producing Escherichia coli
isolated from the environment of [EZBgor
Slaughterhouse, Indonesia. Asian Pacific
Journal of Tropical Biomedicine. 7: 708—
711. doi:10.1016/.apjtb.2017.07.012.

Sugiartha, |. G. E. 2016. Perbandingan Hasil
Identifikasi Metode Analytical Profile Index
(APl) dan Tes Kepekaan Antibiotika
Konvensional dengan Metode Technical
Dedicated Reasonable (TDR)-300B.

Universitas Airlangga.

Wang, X, C. Cao, H. Huan, L. Zhang, X. Mu, Q.
Gao, X. Dong, S. Gao, and X Liu. 2015.
IsoEc22 SSR MDR BLAG/Q/
SPlation, identification, and pathogenicit
of 0142 avian pathogenic Escherich
RSRSSR MDR BL/AGA/SPia coli
causing black  proventricuus  and
septicemia in broiler breeders. Infection,
ﬁletics and Evolution. 32:23-29.

*10.1016/.meegid.2015.02.013.
Wibisono, F. J., B. Sumiarto, and T K
Kusumastuti. 2018. Economic losses

estimation of pathogenic Escherichia coli
infection in Indonesian Poultry Farming.
Buletin Peternakan 42: 341-346.
doi:10.21059/buletinpeternak.v42i4.37505.

Wiedosari, E. and S. Wahyuwardani. 2015. A
case study on the diseases of broiler
chicken in Sukabumi and Bogor Districts.
Jurnal Kedokteran Hewan. 9:9-13.




Resistance Profile of Extended Spectrum Beta Lactamase-

Producing Escherichia coli Bacteria using Vitek® 2 Compact
Method

ORIGINALITY REPORT

20, 2. 16% 13

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

"Computer Algebra in Scientific Computing",
Springer Science and Business Media LLC,
2010

Publication

T

L. Collineau, C. Belloc, K. D. C. Stark, A.
Hémonic, M. Postma, J. Dewulf, C. Chauvin.
"Guidance on the Selection of Appropriate
Indicators for Quantification of Antimicrobial
Usage in Humans and Animals", Zoonoses
and Public Health, 2017

Publication

T

e

Submitted to University of New South Wales

Student Paper

T

-~

Submitted to Ngee Ann Polytechnic

Student Paper

T

o

Obeng, A.S.. "Antibiotic resistance,
phylogenetic grouping and virulence potential
of Escherichia coli isolated from the faeces of

T



intensively farmed and free range poultry",
Veterinary Microbiology, 20120127

Publication

Samanta, Indranil, Siddhartha N. Joardar,
Achintya Mahanti, Samiran Bandyopadhyay,
Tapas K. Sar, and Tapan K. Dutta.
"Approaches to characterize extended
spectrum beta-lactamase/beta-lactamase
producing Escherichia coli in healthy
organized vis-a-vis backyard farmed pigs in

India", Infection Genetics and Evolution, 2015.

Publication

(K

=

Submitted to University of Edinburgh

Student Paper

(K

Submitted to North West University

Student Paper

T

Submitted to University of Nevada, Las Vegas
Student Paper

T

—
-

Submitted to Chiang Mai University

Student Paper

(K

—_—
—

Submitted to Monash University Sunway
Campus Malaysia Sdn Bhd

Student Paper

T

—_
N

Submitted to Bath Spa University College

Student Paper

T




E. Sturenburg, N. Storm, I. Sobottka, M. A.
Horstkotte, S. Scherpe, M. Aepfelbacher, S.
Muller. "Detection and Genotyping of SHV -
Lactamase Variants by Mass Spectrometry
after Base-Specific Cleavage of In Vitro-
Generated RNA Transcripts", Journal of
Clinical Microbiology, 2006

Publication

T

Submitted to South University 1
Student Paper %
repository.ub.ac.id /

Inteﬁlet Sourcey %
ctjvintage.weebly.com

IntgrnetSouée y <1 %
Submitted to Riga Stradins Universit

Student Paper g y <1 %

Florian Wagenlehner, Lindsay Nicolle, <1

: : ; %
Riccardo Bartoletti, Ana C. Gales et al. "A
global perspective on improving patient care
in uncomplicated urinary tract infection:
expert consensus and practical guidance",
Journal of Global Antimicrobial Resistance,
2022
Publication
Mohammad Naghizadeh, Mohammad Amir <1 o

Karimi Torshizi, Shaban Rahimi, Tina Sgrensen



Dalgaard. "Synergistic effect of phage therapy
using a cocktail rather than a single phage in
the control of severe colibacillosis in quails”,
Poultry Science, 2018

Publication

Jun Li, Mengli Tang, Zhaojun Liu, Fengjun Xia,
Changhang Min, Yongmei Hu, Haichen Wang,
Mingxiang Zou. "Molecular and clinical
characterization of hypervirulent Klebsiella
pneumoniae isolates from individuals with
urinary tract infections", Frontiers in Cellular
and Infection Microbiology, 2022

Publication

<1%

Zineb Belbel, Rym Lalaoui, Sofiane Bakour,
Sabrina Nedjai, Nassima Djahmi, Jean-Marc
Rolain. "First report of colistin resistance in an
OXA-48- and a CTX-M-15 producing Klebsiella
pneumoniae clinical isolate in Algeria due to
pmrB protein modification and mgrB
inactivation", Journal of Global Antimicrobial
Resistance, 2018

Publication

<1%

22

Submitted to Tung Wah College

Student Paper

<1%

N
B

Xuan Wu, Dongqging Bai, Guoxia Zhu, Yanbin Ji,
Zhichao Jia, Peng Zhou. "Chapter 79 Isolation,
Identification, Antibacterial Effects of

Antibiotic Drugs, and Chinese Herbal Extracts

<1%



to the Pathogenic Bacteria of Swollen
Abdomen from Scophthalmus maximus in
Vitro", Springer Science and Business Media
LLC, 2014

Publication

"Abstracts cont.", Clinical Microbiology and <'I o
Infection, 4/2005
Publication

"Communications", Journal of Veterinary <1 o
Pharmacology and Therapeutics, 8/2003 ’
Publication
Submitted to Utica College

Student Paper g <1 %

Adane Bitew. "High Prevalence of Multi-Drug <'I o
Resistance and Extended Spectrum Beta ’
Lactamase Production in Non-Fermenting
Gram-Negative Bacilli in Ethiopia", Infectious
Diseases: Research and Treatment, 2019
Publication

Bohyun Yun, Younghoon Kim, Nguyen Bao <1 o

Hung, Kyung-Hwan Oh, Won-II Kim,
Hyeonheui Ham, Hyun-Ju Kim, Kyoungyul Ryu,
Se-Ri Kim. "Microbiological quality and
characteristics of isolated Escherichia coli in
irrigation water used in Napa cabbage
cultivation", Applied Biological Chemistry,
2018

Publication




Submitted to Naresuan University 1
Student Paper <: %

Sandra Patricia Rivera-Sanchez, Helen Astrid <1 o
Agudelo-Gongora, José Ofate-Garzon, Liliana ’
Janeth Flérez-Elvira et al. "Antibacterial

Activity of a Cationic Antimicrobial Peptide

against Multidrug-Resistant Gram-Negative

Clinical Isolates and Their Potential Molecular
Targets", Molecules, 2020

Publication

Yu-yuan Guo, Arokia Vijaya Anand Mariadoss, <1
. : %
Kandasamy Saravanakumar, Tie-yan Jin, Hye-
Young Kim, Myeong-Hyeon Wang. "Anticancer
and Antioxidant Activities of AQueous and
Ethanolic Bark Extracts of Acer Tegmentosum
Maxim (Aceaceae) on Tumor Cell Lines",
Oncologie, 2021

Publication

Nguyen, Dao Thi Anh, Masashi Kanki, Phuc Do
Nguyen, Hien Thi Le, Phong Thanh Ngo, Doan
Nguyen Minh Tran, Ninh Hoang Le, Chinh Van
Dang, Takao Kawai, Ryuji Kawahara, Shinya
Yonogi, Yuji Hirai, Michio Jinnai, Shinji
Yamasaki, Yuko Kumeda, and Yoshimasa
Yamamoto. "Prevalence, antibiotic resistance,
and extended-spectrum and AmpC ?-
lactamase productivity of Salmonella isolates
from raw meat and seafood samples in Ho

<1%



Chi Minh City, Vietham", International Journal
of Food Microbiology, 2016.

Publication

Yun Cai, Deqing Yang, Jin Wang, Rui Wang. <1 o
"Amikacin and cefoperazone/sulbactam alone
or in combination against carbapenem-
resistant Pseudomonas aeruginosa",
Diagnostic Microbiology and Infectious
Disease, 2018
Publication
el plosore <7 w
gi?nmigred to BITS, Pilani-Dubai <1 o
S. Mayor. "UK agency recommends better <'I o
monitoring of multidrug resistant E coli", BM]J,
9/17/2005
Publication
Sameer Rajeev Verma, Vandana Sardana. <'I o
"Ochrobactrum anthropi: An unusual ’
opportunistic pathogen causing septicemia
and Pneumonia", IP International Journal of
Medical Microbiology and Tropical Diseases,
2022
Publication
e O <1y




39

www.archivesofmedicine.com
<|%

Internet Source

Baiyuan Li, Bixia Ke, Xuanyu Zhao, Yunxue <1 o
Guo, Weiquan Wang, Xiaoxue Wang, Honghui

Zhu. "Antimicrobial Resistance Profile of mcr-1

Positive Clinical Isolates of Escherichia coli in

China From 2013 to 2016", Frontiers in

Microbiology, 2018

Publication

Xiaobo Wang, Chunguang Cao, Haixia Huan, <1 o
Liuli Zhang, Xiaohui Mu, Qingging Gao, ’
Xianglei Dong, Song Gao, Xiufan Liu.

"Isolation, identification, and pathogenicity of

0142 avian pathogenic Escherichia coli

causing black proventriculus and septicemia

in broiler breeders", Infection, Genetics and

Evolution, 2015

Publication

Abel B. Ekiri, Bryony Armson, Kehinde <1 o
Adebowale, Isabella Endacott et al. ’
"Evaluating Disease Threats to Sustainable

Poultry Production in Africa: Newcastle

Disease, Infectious Bursal Disease, and Avian
Infectious Bronchitis in Commercial Poultry

Flocks in Kano and Oyo States, Nigeria",

Frontiers in Veterinary Science, 2021

Publication




Dingxia Shen, Douglas ] Biedenbach, Patricia L
Winokur, Michael A Pfaller, Ronald N Jones.
"Phenotypic and genotypic characterizations
of chinese strains of Escherichia coli
producing extended-spectrum B-lactamases”,
Diagnostic Microbiology and Infectious
Disease, 1999

Publication

<1%

Mohammad Naghizadeh, Mohammad Amir
Karimi Torshizi, Shaban Rahimi, Ricarda
Margarete Engberg, Tina Serensen Dalgaard.
"Effect of serum anti-phage activity on
colibacillosis control by repeated phage
therapy in broilers", Veterinary Microbiology,
2019

Publication

<1%

R. Bywater. "A European survey of 1
S . . <l%

antimicrobial susceptibility among zoonotic

and commensal bacteria isolated from food-

producing animals", Journal of Antimicrobial

Chemotherapy, 08/25/2004

Publication

International Journal of Health Care Quality <1 o
Assurance, Volume 29, Issue 5 (2016) 0

Publication




Exclude quotes Off Exclude matches Off
Exclude bibliography Off



