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GUIDANCE FOR AUTHORS

Aims and Scope Biodiversitas, Journal of Biological Diversity or
Biodiversitas encourages submission of manuscripts dealing with all aspects of
biodiversity including plants, animals and microbes at the level of the gene,
species, and ecosystem. Ethnobiology papers are also considered.

Article types The journal seeks original full-length: (1) Research papers,
(2) Reviews, and (3) Short communications. Original research manuscripts
are limited to 8,000 words (including tables and picture), or proportional with
articles in this publication number. Review articles are also limited to 8,000
words, while Short communications should be less than 2,000 words, except
for pre-study.

Submission The journal only accepts online submission, through open
journal system (https://smujo.id/biodiv/about/submissions) or email to the
editors at unsjournals@gmail.com. Submitted manuscripts should be the
original works of the author(s). Please ensure that the manuscript is submitted
using the Biodiversitas template, which can be found at
(https://biodiversitas.mipa.uns.ac.id/D/guidance.htm). The manuscript must
be accompanied by a cover letter containing the article title, the first name and
last name of all the authors, a paragraph describing the claimed novelty of the
findings versus current knowledge. Please also provide a list of five potential
reviewers in your cover letter. Submission of a manuscript implies that the
submitted work has not been published before (except as part of a thesis or
report, or abstract); and is not being considered for publication elsewhere.
When a manuscript written by a group, all authors should read and approve the
final version of the submitted manuscript and its revision; and agree the
submission of manuscripts for this journal. All authors should have made
substantial contributions to the concept and design of the research, acquisition
of the data and its analysis; drafting of the manuscript and correcting of the
revision. All authors must be responsible for the quality, accuracy, and ethics
of the work.

Ethics Author(s) must obedient to the law and/or ethics in treating the
object of research and pay attention to the legality of material sources and
intellectual property rights.

Copyright If the manuscript is accepted for publication, the author(s) still
hold the copyright and retain publishing rights without restrictions. Authors
are allowed to reproduce articles as long as they are not used for commercial
purposes. For the new invention, authors are suggested to manage its patent
before published.

Open access The journal is committed to free-open access that does not
charge readers or their institutions for access. Readers are entitled to read,
download, copy, distribute, print, search, or link to the full texts of articles, as
long as not for commercial purposes. The license type is CC-BY-NC-SA.

Acceptance Only articles written in U.S. English are accepted for
publication. Manuscripts will be reviewed by editors and invited reviewers
(double blind review) according to their disciplines. Authors will generally be
notified of acceptance, rejection, or need for revision within 1 to 2 months of
receipt. Manuscripts will be rejected if the content does not in line with the
journal scope, does not meet the standard quality, is in an inappropriate format,
contains complicated grammar, dishonesty (i.e. plagiarism, duplicate
publications, fabrication of data, citations manipulation, etc.), or ignoring
correspondence in three months. The primary criteria for publication are
scientific quality and biological significance. Uncorrected proofs will be sent
to the corresponding author by email as .doc or .docx files for checking and
correcting of typographical errors. To avoid delay in publication, corrected
proofs should be returned in 7 days. The accepted papers will be published
online in a chronological order at any time, but printed in January, April, July
and October.

A charge Starting on January 1, 2017, publishing costs waiver is granted
to foreign (non-Indonesian) authors who first publish the manuscript in this
journal, especially for graduate students from developing countries. However,
other authors are charged USD 250 (IDR 3,500,000).

Reprints The sample journal reprint is only available by special request.
Additional copies may be purchased when ordering by sending back the
uncorrected proofs by email. Manuscript preparation Manuscript is typed on
A4 (210x297 mm? ) paper size, in a single column, single space, 10-point (10
pt) Times New Roman font. The margin text is 3 cm from the top, 2 cm from
the bottom, and 1.8 cm from the left and right. Smaller lettering size can be
applied in presenting table and figure (9 pt). Word processing program or
additional software can be used, however, it must be PC compatible, use the
Biodiversitas template, and Microsoft Word based (.doc or .rtf; not .docx).
Scientific names of species (incl. subspecies, variety, etc.) should be written
in italics, except in italicised sentences. Scientific names (Genus, species,
author), and cultivar or strain should be mentioned completely for the first
time mentioning it in the body text, especially for taxonomic manuscripts. The
Genus name can be shortened after first mention, except where this may
generate confusion. Name of the author can be eliminated after first
mentioning. For example, Rhizopus oryzae L. UICC 524, hereinafter can be
written as R. oryzae UICC 524. Using trivial names should be avoided.
Biochemical and chemical nomenclature should follow the order of the
IUPAC - IUB. For DNA sequence, it is better used Courier New font.
Standard chemical abbreviations can be applied for common and clear used,
for example, completely written butilic hydroxyl toluene (BHT) to be BHT
hereinafter. Metric measurements should use IS denominations, and other
system should use equivalent values with the denomination of IS mentioned
first. Abbreviations like g, mg, mL, etc. should not be followed by a dot.

Minus index (m-2, L-1, h-1) suggested to be used, except in things like "per-
plant” or "per-plot". Mathematical equations can be written down in one
column with text, in that case can be written separately. Numbers one to ten
are written in words, except if it relates to measurement, while values above
them written in number, except in early sentence. The fraction should be
expressed in decimal. In the text, it should be used "%" rather than "percent".
Avoid expressing ideas with complicated sentence and verbiage, and used
efficient and effective sentence.

The Title of the article should be written in compact, clear, and
informative sentence, preferably not more than 20 words. Author name(s)
should be completely written. Name and institution address should also be
completely written with street name and number (location), postal code,
telephone number, facsimile number, and email address. Manuscripts written
by a group, author for correspondence along with address is required. First
page of the manuscript is used for writing above information.

The Abstract should not be more than 200 words. Include between five
and eight Keywords, using both scientific and local names (if any), research
themes, and special methods which used; and sorted from A to Z. All
important abbreviations must be defined at their first mention. Running title
is about five words. The Introduction is about 400-600 words, covering the
background and aims of the research. Materials and Methods should
emphasize on the procedures and data analysis. Results and Discussion
should be written as a series of connecting sentences, however, for manuscript
with long discussion should be divided into subtitles. Thorough discussion
represents the causal effect mainly explains for why and how the results of the
research were taken place, and do not only re-express the mentioned results in
the form of sentences. A Conclusion should be given at the end of the
discussion. Acknowledgments are expressed in brief; all sources of
institutional, private and corporate financial support for the work must be fully
acknowledged, and any potential conflicts of interest must be noted.

Figures and Tables of three pages maximum should be clearly presented.
Include a label below each figure, and a label above each table (see example).
Colored figures can only be accepted if the information in the manuscript can
lose without those images; chart is preferred to use black and white images.
Author could consign any picture or photo for the front cover, although it does
not print in the manuscript. All images property of others should be mentioned
source. There is no Appendix, all data or data analysis are incorporated into
Results and Discussions. For broad data, supplementary information can be
provided on the website.

References In the text give the author names followed by the year of
publication and arrange from oldest to newest and from A to Z. In citing an
article written by two authors, both of them should be mentioned, however, for
three and more authors only the first author is mentioned followed by et al., for
example: Saharjo and Nurhayati (2006) or (Boonkerd 2003a, b, c; Sugiyarto
2004; El-Bana and Nijs 2005; Balagadde et al. 2008; Webb et al. 2008). Extent
citation as shown with word "cit" should be avoided. Reference to unpublished
data and personal communication should not appear in the list but should be
cited in the text only (e.g., Rifai MA 2007, pers. com. (personal
communication); Setyawan AD 2007, unpublished data). In the reference list,
the references should be listed in an alphabetical order. Names of journals
should be abbreviated. Always use the standard abbreviation of a journal's
name according to the ISSN List of Title Word Abbreviations
(www.issn.org/2- 22661-LTWA-online.php). Please include DOI links for
journal papers. The following examples are for guidance.

Journal:

Saharjo BH, Nurhayati AD. 2006. Domination and composition structure
change at hemic peat natural regeneration following burning; a case study in

Pelalawan, Riau Province. Biodiversitas  7: 154-158. DOI:
10.13057/biodiv/d070213
Book:

Rai MK, Carpinella C. 2006. Naturally Occurring Bioactive Compounds.
Elsevier, Amsterdam.

Chapter in book:

Webb CO, Cannon CH, Davies SJ. 2008. Ecological organization,
biogeography, and the phylogenetic structure of rainforest tree communities.
In: Carson W, Schnitzer S (eds) Tropical Forest Community Ecology. Wiley-
Blackwell, New York.

Abstract:

Assaeed AM. 2007. Seed production and dispersal of Rhazya stricta. 50th
annual symposium of the International Association for Vegetation Science,
Swansea, UK, 23-27 July 2007.

Proceeding:

Alikodra HS. 2000. Biodiversity for development of local autonomous
government. In: Setyawan AD, Sutarno (eds.) Toward Mount Lawu National
Park; Proceeding of National Seminary and Workshop on Biodiversity
Conservation to Protect and Save Germplasm in Java Island. Universitas
Sebelas Maret, Surakarta, 17-20 July 2000. [Indonesian]

Thesis, Dissertation:

Sugiyarto. 2004. Soil Macro-invertebrates Diversity and Inter-Cropping
Plants Productivity in Agroforestry System based on Sengon. [Dissertation].
Universitas Brawijaya, Malang. [Indonesian]
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Effectiveness of Dyella japonica and Enterobacter cloacae as biofertilizers to increase
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Local ecological knowledge of coffee agroforestry farmers on earthworms and their
relation to soil quality in East Java (Indonesia)
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Amethyst leaf extract as pest control and fertilizer for soybean plants
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Freshwater gastropod community in South Konawe District, Southeast Sulawesi,
Indonesia
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Short Communication: The population number of Pelung chickens in West Java,
Indonesia
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Physicochemical properties of woody materials for bioelectricity feedstocks
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Application of Lactobacillus inoculant from various rice paddy (Oryza sativa) to total
mixed ration silage microbial composition
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Detection of Staphylococcus aureus from contact surfaces of public buses in Bangkok
and metropolitan area, Thailand
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Short Communication: Evaluation of F6 generation of upland rice promising lines for
drought stress tolerance
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Spatial distribution of mangrove health index on three genera dominated zones in
Benoa Bay, Bali, Indonesia
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Tree species used for fuelwood by remote indigenous communities in West Papua,
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Genetic diversity of Burmese grape (Baccaurea ramiflora Lour.) cultivars and Ha Chau
cultivar identification based on DNA barcodes

DODO TAN KHANG, , TRAN GIA HUY, NGUYEN PHAM ANH THI, DOAN THI HONG
QUYEN, NGUYEN THI BICH NHU, BUI NHI BINH, TRAN THANH MEN, TRAN NHAN DUNG

3407-3418

3419-3428

3429-3436

3437-3442

3443-3451

3452-3456

3457-3461

3462-3470

3471-3479

3480-3487

3488-3497

3498-3506

3507-3512

3513-3520



Characterization, potential and conservation of Pisang Kates (Musa cv. ABB), a unique
local banana cultivar from Pasuruan, East Java, Indonesia
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Edamame protein hydrolysis using Lactococcus lactis, Lactobacillus bulgaricus and L.
paracasei produce short peptides with higher antioxidant potential
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Agroecosystem complexity of Surjan and Lembaran as local farming systems effects on
biodiversity of pest insects
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and mangrove forest ecosystems, Central Sulawesi, Indonesia
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Long-term changes in floristic diversity, composition and stand structure in Acacia
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Antibacterial and phytochemical constituent of Etlingera rubroloba A.D. Poulsen
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Abstract. Efendi MH, Faridah HD, Wibisono FM, Wibisono FJ, Nisa N, Fatimah F, Ugbo EN. 2022. Detection of virulence factor
encoding genes on Escherichia coli isolated from broiler chicken in Blitar District, Indonesia. Biodiversitas 23: 3437-3442. Broiler
chicken is a source of protein that is widely consumed by the public. However, broiler chicken production sometimes decreases due to
infectious diseases such as colibacillosis caused by pathogenic Escherichia coli possessing virulence genes. Virulence factors function
to facilitate colonization and invasion of host cells to cause disease. The presence of these virulence factors is encoded by various genes
such as the increased serum survival gene and P fimbriae gene which plays a role in surface adhesion. The present study aims to detect
the presence of virulence genes from extended-spectrum beta-lactamase (ESBL) producing E. coli isolated from broiler chickens in the
Blitar District. A total of 110 cloacal swabs collected by systematic random sampling from broiler poultry farms in four different sub-
districts were screened for ESBL-producing E. coli and virulence genes by phenotypic and molecular methods, respectively. Out of 110
E. coli recovered, 95 (86.4%) were observed to show a high level of resistance to the tested antibiotics, and 34 (35.7%) were ESBL-
producers. Among ESBL producing E. coli isolates, 22 (73.5%) and 1 (2.9%) were found to have the iss and papC gene virulence
factors, respectively using the polymerase chain reaction (PCR) method. The results of this study indicate that virulence genes can be
found in E. coli from poultry farms. The iss gene is the most predominant virulence gene. The report of these virulence factors in E. coli
isolated from broiler could impose a serious potential public health problem.

Keywords: Broiler chickens, ESBL, Escherichia coli, public health, virulence genes

INTRODUCTION will cause a disease. Infectious diseases involve the

causative agent and host, as well as environmental factors.

The main sector of the national economy is strongly
supported by the success of the poultry industry. The
largest food supplier for the entire human population in the
world, especially animal protein, is highly dependent on
poultry production. Evidence that poultry production has
advantages over other types of animal food products
because it has a relatively cheaper price and relatively high
animal protein (Aryani and Jember 2019). The high market
demand for poultry commodities can cause the
development of poultry in Indonesia to increase. Prices that
can meet purchasing power are the reason for most
Indonesian people to fulfill animal protein nutrition at all
socio-economic  levels.  Maintenance  management,
environmental sanitation, and poultry health are factors that
support the success of poultry farms in Indonesia (Kabir
2010; Wiedosari and Wahyuwardani 2015; Wibisono et al.
2020a). The relationship of these related factors will appear
a balance, if there is an imbalance of one of these factors it

Diseases caused by Escherichia coli are disease agents that
are often faced by all livestock farms, especially poultry
farms, therefore knowledge, and information about disease
incidence and prevention, control, and eradication efforts
are needed (Putra et al. 2020; Wibisono et al. 2020b;
Ansharieta et al. 2021a).

Escherichia coli is a bacterium of the Enterobacteriaceae
family that has morphological characteristics in the form of
a rod, has a flagellum, and is a Gram-negative commensal
bacteria (Jang et al. 2017). Naturally, E. coli is a normal
flora that lives in the digestive tract of animals and humans
(Daga et al. 2019). However, some E. coli acquire
virulence properties so that they can adapt to a new
environment. This factor causes E. coli to be able to invade
the host to cause disease (Doxey et al. 2019). Several
virulence factors function to facilitate colonization and
invasion of host cells (Leitdo 2020). These virulence
properties can be categorized as adhesion, toxin
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production, hemolysis, iron acquisition, and protection
from host bactericidal, including those that produce the
enzyme  extended-spectrum  beta-lactamase (ESBL)
(Mohamed et al. 2014; Wibisono et al. 2020b; Widodo et
al. 2020). Virulence factors present in pathogenic E. coli
strains include the P fimbriae gene (papC), increased serum
survival protein (ISS), aerobactin (IUCD), temperature-
sensitive haemagglutinin (TSH), iron repressible protein
(irp2), vacuolating autotransporter protein (vat), and colicin
plasmid operon genes (cva/cvi) (Ewers et al. 2005; Biran et
al. 2021).

Surface virulence factors (adhesins) are one of the
important virulence factors in E. coli. The main host
attachment factor, P fimbriae, has been associated with
pyelonephritis (Hossain et al. 2020). The papC gene is
responsible for attachment to internal organs (Mahmoud et
al. 2020). In addition, there is also an iss gene that is
associated with the occurrence of colibacillosis in poultry
(Bonjar et al. 2017). The iss gene was first described in the
ColV plasmid and plays a role in resistance to serum
complement (Gibbs et al. 2003; Biran et al. 2021). The
gene encodes an iss protein that has a characteristic outer
membrane proteins (OMP) signal sequence and encodes a
lipoprotein 9 to 10 KDa from the bacterial outer membrane
(Badouei et al. 2015).

Research on virulence genes from ESBL-producing E.
coli is wuseful for increasing understanding of the
pathogenesis of E. coli strains. Besides that, it can also
minimize the complications of disease caused by infection
with E. coli (Firoozeh et al. 2014). Therefore, the present
study was aim to detect virulence factors associated with
the iss gene that plays a role in developing the immune
system by increasing survival serum and the papC gene
that encodes the adhesin virulence factor of ESBL
producing E. coli.

MATERIALS AND METHODS

Sample collection

A total of 110 cloacal swabs from broiler chickens were
taken using Amies transport swab by inserting a swab stick
into the vent, and by gently swabbing the mucosal wall till
the swab was stained with fecal material. Samples were
taken randomly in four different subdistricts. A total of 110
samples were collected from four different sub-districts
including 28, 25, 31 and 26 samples from Ponggok,
Garum, Selopuro and Selorejo sub-district, respectively.
All samples were transported in specimen transport
coolbox containers with ice packs to the Department of
Veterinary Public Health, Faculty of Veterinary Medicine,
Airlangga University, Surabaya, Indonesia. The samples
were processed within a maximum of 5 h of collection.

Bacterial isolation and identification

Cloacal swab samples were cultured on eosin
methylene blue agar (EMBA) plates by streaking using a
loop. After that, EMBA plates were incubated for 24 h at
37°C in an incubator. A single colony showing a green
color with a metallic flash was taken for purification. The
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pure culture was obtained by re-streaking the colony on
EMBA plates. After that, a biochemical test was carried out
consisting of the indole test, methyl red (MR) test, Voges
Proskauer (VP) test, citrate test, and triple sugar iron agar
(TSIA) test to identify the isolates. In addition, Gram
staining was also performed for microscopic observation.

Antimicrobial susceptibility testing

The identified E. coli were then tested for antimicrobial
sensitivity to several classes of antibiotics. The sensitivity
test to antibiotics was carried out using the Kirby-Bauer
disc diffusion method and the interpretation of the results
was referred to the Clinical and Laboratory Standard
Institute. The antibiotics used were ampicillin (10 pg),
gentamicin (10 pg), tetracycline (30 pg), chloramphenicol
(30 ng), and enrofloxacin (5 pg) antibiotics. Samples were
cultured on Mueller-Hinton agar (MHA) media and
flattened over the entire surface of the media. After that,
the antibiotic disc was placed on top of the microbial
culture in a petri dish using a sterile needle and incubation
for 24 h. The inhibition zone diameter was measured using
a caliper. Samples that were resistant to ampicillin were
then further tested using Double Disc Synergy Testing
(DDST) to determine their ability to produce ESBL.

Phenotypic confirmations of ESBL

The presumptive ESBL-positive isolates were retested
for ESBL production by the Double Disc Synergy Test
(DDST). A set of two discs containing extended-spectrum
cephalosporin [cefotaxime (30 pg)] or ceftazidime (30 pg)
alone and with a clavulanic acid combination (10 pg) were
placed on-center spacing 15 mm apart on a MHA plates
inoculated with a bacterial suspension compared with 0.5
McFarland turbidity standard. Zone diameters were
measured after overnight incubation at 37°C. Strains
resistant to cefotaxime (zone diameter <27 mm) or
ceftazidime (zone diameter <22 mm) and an increase in
zone diameter >5 mm with the discs containing clavulanic
acid was defined as ESBL-producing isolates according to
Clinical and Laboratory Standard Institute (CLSI 2020).

Virulence genotyping

The detection of virulence genes was carried out using
polymerase chain reaction (PCR). The genes observed were
papC and iss. E. coli were first cultured and harvested
when they were 24 h old. The E.coli isolate was then
centrifuged to take the pellets as DNA extraction material.
E. coli genomic DNA was extracted using GenJET
Genomic DNA Purification Kit. The specific primers were
used to assess the virulence genes (Table 1). The PCR
conditions used for the papC virulence gene were done by
conditioning the denaturation temperature at 94°C for 60
sec, annealing at 59°C for 60 sec, and elongation at 72°C
for 90 sec. Meanwhile, the iss virulence gene was detected
by conditioning the denaturation temperature at 94°C for
30 sec, annealing at 52°C for 30 sec, and elongation at
72°C for 40 sec. The PCR was run for 30 cycles and then
visualized by electrophoresis using 1% agarose gel and the
results were documented using the Gel-Doc system
(Mohamed et al. 2014).
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RESULTS AND DISCUSSION

Isolation and identification of 110 broiler cloacal swabs
on EMBA media showed that 100% of the samples
contained E. coli. Positive results are indicated by a change
in the color of the medium from red to metallic green
(Figure 1). When observed under a microscope, E. coli is
rod-shaped bacterium and appears pink.

The results of the antibiotic sensitivity test against
several classes of antibiotics (Figure 2). Antimicrobial
sensitivity test was performed, E. coli showed resistance to
ampicillin  (86.4%), enrofloxacin (79.1%), tetracycline
(78.2%), gentamicin (43.6%), and chloramphenicol
(14.5%). Meanwhile, antibiotics that still have a fairly high
level of sensitivity to E. coli are chloramphenicol (78.2%)
and gentamicin (52.7%) (Figure 3).

Of the 95 isolates of E. coli that were resistant to
ampicillin, 35.7% were ESBL producing E. coli based on
the DDST test (Figure 4). Then, the iss and papC virulence
genes were detected using. A total of 73.5% of E. coli
isolates had the iss gene, which was indicated by the
presence of a DNA band at 290 bp (Figure 5). Meanwhile,
the papC gene was detected in 2.9% of E. coli isolates with
a product size of 500 bp (Figure 6).

Discussion

The ESBL-producing E. coli were analyzed for
virulence genes using specific primers from 4 sub-districts
(Table 2). Several other studies have examined the number
of E. coli isolates that isolated from animal and animal
products, showing concordance results between studies
(Wibisono et al. 2020c). The relative abundance of the
ESBL producing E. coli in samples poultry has been shown
to vary with geographic location (Wibisono et al. 2020d).
In this study, isolates including ESBL producing E. coli
were detected by DDST (Ansharieta et al. 2021a).
Molecular identification showed that 25 (73,5%) samples
of ESBL producing E. coli encoding iss gene, and 1 (2,9%)
sample of ESBL producing E. coli encoding papC gene
(Table 2). Electrophoresis results of iss gene represent
samples describing the same fragments as positive controls
with a gene length of 290 bp (Figure 5), and papC gene
represents sample describing the same fragments as
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positive controls with a gene length of 500 bp (Figure 6)
(Mohamed et al. 2014).

Treatment failure and the risk of resistance or side
effects are often caused by inappropriate use of
antimicrobials. Antibiotics have been used not only in
human medicine but also in animal care. Initially, antibiotics
were used to treat sick animals, with intensification of
agriculture, expanding the use of antibiotics to include
disease prevention and use as growth promoters
(Witaningrum et al. 2021). Overuse of antimicrobials in
livestock will pollute the environment and contribute to the
increase in resistance of microorganisms that threaten not
only human health but also animal health, animal welfare
and sustainable poultry production and this has
implications for food security (Effendi et al. 2021). The
misuse of antimicrobials makes the use of these drugs
ineffective for animal and human health because they cause
antimicrobial resistance (AMR) to develop and appear in
disease-causing microorganisms, and the Enterobacteriaceae
group can develop by producing ESBL (lbrahim et al.
2019; Wibisono et al. 2020c).

M Resistant

M Intermediate B Susceptible

(0,1 I 14, 5%

ENR

TET
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I t
0,0% 20,0% 40,0% 60,0% 80,0%

Figure 3. Graph of sensitivity test results to 5 antibiotics.
ampicillin  (AMP), enrofloxacin (ENR), tetracycline (TET),
gentamicin (GEN), and chloramphenicol (CHL)

L
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e © ©

(224

Figure 1. A. Growth of E. coli on eosin methylene blue agar media. B. E. coli sensitivity test to antibiotics (R: resistant, S: susceptible).
C. Double disc synergy testing test on E. coli. cefotaxime (CTX), ceftazidime (CAZ), and clavulanic acid combination (AMC)
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Tabel 1. Primers of virulence genes
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Gene Primer Sequence Product size Reference

iss-F ATG CAG GAT AAT AAG ATG AAA 290 b

iss-R CTATTGTGAGCAATATACA P Mohamed et al. (2014)
papC-F TGA TAT CAC GCA GTC AGT AGC 500 b :
papC-R CCG GCC ATATTC ACA TAA P

Table 1. Results of detection of ESBL producing E. coli and virulence genes (iss and papC)

Sub-district Sample size

Resistant to ampicillin

Genes detection

ESBL

iss papC
Garum 25 22 4 4 1
Selorejo 26 19 12 5 0
Ponggok 28 27 10 10 0
Selopuro 31 27 8 6 0
Total 110 95 (86,4%) 34 (35,7%) 25 (73,5%) 1 (2,9%)

Marker K- K+ G4

Figure 5. An agarose gel image showing the iss gene amplified
from E. coli. Lane M: 100 bp DNA Ladder, Lane K+, G4, H2, J5,
K1, K5, M1, M5, P2, T3: iss gene fragments amplified from E.
coli. Lane K-: Negative control

Figure 6 An agarose gel image showing the papC gene amplified
from E. coli. Lane M: 100 bp DNA Ladder, Lane K*, G4: papC
gene fragments amplified from E. coli. Lane K-: Negative control

Poultry has been identified as a reservoir of ESBL-
producing E. coli (Kolenda et al. 2015; Effendi et al. 2021).
Normally E. coli can be found in chicken cloaca, both
pathogenic and non-pathogenic serotypes (Harijani et al.
2020; Wibisono et al. 2020c). The presence of virulence
factors, pathogenic microbial strains will be able to defend
themselves in host cells and increase the potential for
causing disease. E. coli produces various types of virulence
factors so the incidence of disease by E. coli infection can
also occur in various ways (Effendi et al. 2018; Ansharieta

et al. 2021b). The results of the expression of virulence
genes allow non-pathogenic E. coli to turn into pathogenic
E. coli, for example avian pathogenic E. coli (APEC) (levy
et al. 2020).

The main classifications of pathogenic E. coli strains
are extra-intestinal pathogenic E. coli (EXPEC) and
diarrheagenic E. coli (DEC) (Paramita et al. 2021). EXPEC
is often the cause of urinary tract infections and ultimately
causes bloodstream infections (Cunha et al. 2017). E. coli
in the bloodstream induces a strong host inflammatory
response, resulting in sepsis. In addition EXPEC can also
cause neonatal meningitis infection. Meanwhile, DEC
strains are known to be a common cause of diarrheal
disease (Kagambéga et al. 2012). This strain has six
pathotypes including ETEC, EPEC, EAEC, STEC, EIEC,
and DAEC (Paramita et al. 2021). Horizontal transfer is
one way to get the character of pathogenicity, multi-drug
resistant properties (Permatasari et al. 2020; Rahmahani et
al. 2020), and also virulence that causes changes in the
properties of E. coli (Sonda et al. 2018).

E. coli virulence factors that cause infectious diseases
include fimbria virulence factors, capsule polysaccharides,
O-antigen capsules, lipopolysaccharides, aerobactins,
hemolysins, and other cytotoxins (Prihtiyantoro et al.
2014). When an infection occurs, the host's immune system
will respond in an effort to defend itself. If the bacteria
causing the infection are able to survive, then the host will
experience further infection. The nature of virulence
greatly affects the severity and level of infection (Garibyan
and Avahia 2013). Virulence factors are encoded by genes
located on chromosomes, more precisely on pathogenicity
islands (PAIs) or located on bacterial plasmids (Dale and
Woodford 2015).

Two kinds of virulence genes iss and papC were
detected in this study. As many as 73.5% of E. coli
producing ESBL have the iss gene. This gene was first
identified from E. coli present in humans with septicemia
(Biran et al. 2021 ). Its presence is associated with a 20-
fold increase in complement resistance and also a 100-fold
increase in virulence in day-old chicks (Johnson et al.
2008). In the United States, 85.4% of APEC strains isolated



EFFENDI et al. — Virulence genes in Escherichia coli

from avian lesions diagnosed with colibacillosis were
positive for the iss gene (80.5%) (Dissanayake et al. 2014).
A total of 86.9% of E. coli isolates isolated from chickens
with colibacillosis in Iran contained the iss gene (Bonjar et
al. 2017). Meanwhile, in a study in Indonesia, as many as
68.2% of E. coli isolates contained the iss gene which is a
component for developing the immune system by
increasing serum survival (Paramita et al. 2021).

In the present study, the presence of the papC gene in
E. coli isolates was low at 2.9%. The papC gene is one of
the gene encoding the adhesin virulence factor and is the
cause of urinary tract infections and bacteremia (Baby et al.
2020; Mahmoud et al. 2020). Research on E. coli in broiler
samples in Portugal showed that isolates containing the
papC gene were 14.96%, lower than the presence of the iss
gene (33.07%) (Paixao et al. 2016). While in Bangladesh it
was 33.3% (levy et al. 2020). E. coli isolated from farms in
Brazil contains 25% of the papC gene (Ferreira et al.
2018). The iss and papC genes are the genes that encode
the presence of virulence factors in APEC that cause
colibacillosis in poultry. This disease can have an
economic impact by decreasing the productivity of infected
poultry, mortality, and medical costs throughout the
livestock sector (Ibrahim et al. 2019). Poultry can act as a
source of the spread of pathogenic E. coli (EL-Sawah et al.
2018). The spread of E. coli can be through feces from the
cage and then into the environment. This pathogenic E. coli
strain can be transferred to humans through food and drink
contaminated with feces (Luna-Guevara et al. 2019).
Control and prevention of infectious diseases in animals
can be done by giving antibiotics to infected birds (Schwarz
et al. 2004). However, inappropriate administration of
antibiotics can also cause bacteria to become resistant
(Enne et al. 2014; Wibisono et al. 2021).

In conclusion, it showed that the detection of two genes
iss and papC encoding virulence factors illustrates that
ESBL-producing E. coli has the potential to infect the host
and cause disease. The iss gene plays a role in developing
the immune system by increasing survival serum and the
papC gene that encodes the adhesin virulence factor. The
existing virulence factors also have the potential to increase
the resistance of microbes to several types of antibiotics.
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