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ABSTRAK

MUHAMMAD RADITYA WIDANDI. “Identifikasi dan Uji Kepekaan
Antimikroba Bakteri Enterobacteriaceae yang Diisolasi dari Feses Julang Emas
(Rhyticeros undulatus)”. Dibimbing oleh DORDIA ANINDITA ROTINSULU dan
AGUS WIJAYA.

Burung julang emas (Rhyticeros undulatus) adalah spesies burung dari
famili Bucerotidae yang dilindungi karena populasinya yang semakin menurun.
Upaya konservasi eksitu dilakukan untuk memulihkan spesies ini, namun tantangan
seperti meningkatnya resistensi antimikroba menghambat pengobatan burung di
konservasi eksitu. Penelitian ini bertujuan untuk mengidentifikasi bakteri
Enterobacteriaceae dari feses burung julang emas di area konservasi eksitu dan
menguji kepekaan bakteri tersebut terhadap antimikroba. Sebanyak 16 isolat bakteri
Enterobacteriaceae berhasil diisolasi dari feses tujuh ekor burung julang emas.
Bakteri yang diisolasi berasal dari enam genus yang terdiri dari 4 isolat Klebsiella,
4 isolat Escherichia, 3 isolat Yersinia, 2 isolat Citrobacter, 2 isolat Proteus, dan 1
isolat Enterobacter. Uji kepekaan antimikroba dilakukan terhadap doksisiklin,
ampisilin,  gentamisin,  siprofloxacin, kloramfenikol, dan trimetropim-
sulfametoksazol dengan menggunakan metode difusi cakram Kirby-Bauer.
Terdapat tingkat resistensi yang tinggi terhadap doksisiklin yang terdiri dari 10
isolat resisten, diikuti oleh ampisilin dengan 5 isolat resisten, namun tidak
ditemukan isolat yang multridrug-resistant. Semua isolat sensitif terhadap
siprofloksasin dan trimetoprim-sulfametoksazol. Studi ini menunjukkan pentingnya
penggunaan antimikroba yang tepat pada burung di konservasi eksitu.

Kata kunci: Enterobacteriaceae, julang emas, konservasi eksitu, resistansi
antimikroba



ABSTRACT

MUHAMMAD RADITYA WIDANDI. “ldentification and Antimicrobial
Susceptibility of Enterobacteriaceae Bacteria Isolated from Feces of Wreathed
Hornbill (Rhyticeros Undulatus)”. Supervised BY DORDIA ANINDITA
ROTINSULU and AGUS WIJAYA.

The wreathed hornbill (Rhyticeros undulatus) is a bird species from the
Bucerotidae family that is protected due to its declining population. EXx-situ
conservation efforts are being carried out to help recover this species; however,
challenges such as the rise of antimicrobial resistance complicate these efforts. This
study aims to identify Enterobacteriaceae bacteria from the feces of wreathed
hornbills in ex-situ conservation areas and to test their susceptibility to
antimicrobials. A total of sixteen Enterobacteriaceae bacterial isolates were
successfully obtained from the feces of seven wreathed hornbills. The isolated
Pacteria belonged to six genera: Klebsiella (4 isolates), Escherichia (4 isolates),
Yersinia (3 isolates), Citrobacter (2 isolates), Proteus (2 isolates), and Enterobacter
(1 isolate). Antimicrobial susceptibility testing was conducted using the Kirby-
Bauer disk diffusion method against doxycycline, ampicillin, gentamicin,
ciprofloxacin, chloramphenicol, and trimethoprim-sulfamethoxazole. A high level
of resistance was observed against doxycycline, with 10 isolates showing
resistance, followed by ampicillin, with 5 resistant isolates. However, no multidrug-
resistant isolates were found. All isolates were sensitive to ciprofloxacin and
trimethoprim-sulfamethoxazole. This study highlights the importance of
appropriate antimicrobial use in birds within ex-situ conservation.

Keywords: antimicrobial resistance, Enterobacteriaceae, wreathed hornbill, ex-
situ conservation.
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1. INTRODUCTION

1.1 Background

The wreathed hornbill (Rhyticeros undulatus) is an avian species of the
Bucerotidae family. In Indonesia, there are 13 different species in the Bucerotidae
family, including the wreathed hornbill itself (Jarulis et al. 2015). In Indonesia,
wreathed hornbills are spread across Sumatra, Borneo, and Java Island (MacKinnon
and Ramsay 2010). According to the International Union for Conservation of
Nature (IUCN) in 2018, the status of the wreathed hornbill has been classified as
vulnerable, which is defined as species that possess a very high risk of extinction a
population decline of 30 to 50 percent over the previous 10 years or three
generations. Conservation efforts are required to maintain and hopefully increase
the number of this species. Ex-situ conservation is one of the efforts that can be
made to conserve wildlife. Ex-situ conservation essentially means cultivating and
preserving animals outside their natural habitats (Mahanayak 2024). This method
is employed when species are critically endangered. Ex-situ conservation can
complement in-situ efforts by providing additional protection and as a source for
reintroducing species into the wild. This conservation method includes various
facilities and technology such as zoos, semen banks, and more.

Jagat Satwa Nusantara (JSN) is a zoological park structured into three central
units, each representing a significant animal class: Freshwater World for pisces
class, the Komodo Museum and Reptile Park for herpetofauna, and the Bird Park
for avifauna class. This zoological park functions as an ex-situ conservation
institution, where diverse species of animals are cared for and bred to establish and
cultivate new habitats, contributing to environmental protection and conservation
efforts, and promoting scientific research (Alfalasifa and Dewi 2019). Zoos and
other animal conservation facilities also allow visitors to engage with species not
typically seen daily. As a place centered in conservation and education on animals,
it is imperative to do further research on the identification of bacteria related to the
animals to gain insights on how to increase animal welfare and help advance
conservation efforts of wild animals in JSN.

Research about bacteria in an avian ex-situ conservation site is essential.
Stress levels and crowding in wild birds can contribute to spreading infectious
diseases, facilitating the rapid transmission of pathogens within their populations
(Kobuszewska and Wysok 2024). Due to their large population densities, frequent
social interactions, high mobility, and ability to thrive in human-altered
environments, birds have a considerable potential to act as reservoirs for pathogens
that can be transmitted to other vertebrate species. Additionally, since the birds in
an ex-situ conservation facility are sometimes given medications using
antimicrobials, they may develop antimicrobial-resistant bacteria. These reasons
are why it is crucial to conduct research on the bacteria present in wild birds in JSN
Zoological Park, such as the wreathed hornbills, to advance further conservation
efforts and improve animal welfare.

1.2 Problem Statement

The emergence of antimicrobial resistance has been a problem in veterinary
medicine. This problem has proven to be a severe threat to animals and humans
alike. In recent years, multiple studies have shown antimicrobial resistance in wild
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animals. This problem would have detrimental effects on veterinary medicine,
especially those centered around wildlife and medical conservation. Research on
the identification of bacteria and their antimicrobial resistance within wild animals,
especially birds, is critical in advancing the state of animal welfare in conservation.

1.3 Objectives

This research aimed to identify Enterobacteriaceae present in the fresh fecal
samples of wreathed hornbill and to assess their antimicrobial susceptibility
profiles. The findings were expected to support appropriate antimicrobial treatment
strategies for captive wreathed hornbills, thereby enhancing their medical care and
welfare.

1.4 Benefits

This research is expected to provide information regarding
Enterobacteriaceae bacteria present in the feces of the wreathed hornbill and the
current status of their antimicrobial resistance. The data obtained in this study are
anticipated to offer veterinarians valuable guidance on the most appropriate
antimicrobial for treating wreathed hornbills in captivity.



2. LITERATURE REVIEW

2.1  Woreathed Hornbill

The wreathed hornbill (Figure 1) is a species of bird from the family
Bucerotidae and the genus Rhyticeros. Its scientific classification is as follows
(Krishna et al. 2012):

Kingdom : Animalia

Phylum : Chordata

Class - Aves

Order : Bucerotiformes
Family : Bucerotidae

Genus : Rhyticerotidae
Species : Rhyticeros undulatus

Figure 1 Wreathed hornbill (Rhyticeros undulatus)
(personal documentation)

In Indonesia, this species can be found on Sumatra, Borneo, and Java
islands. MacKinnon and Ramsay (2010) state that wreathed hornbills are birds with
yellow beaks, light yellow irises, and black bodies. The male individual has a bright
yellow neck pocket, while the female has a blue neck. The wreathed hornbill is
classified as vulnerable and listed in CITES Appendix Il (IUCN 2018). This
classification indicates that the species faces a high risk of extinction in the wild,
and trade of this species must be regulated to prevent exploitative actions that could
threaten its survival. In Indonesia, wreathed hornbills are protected under the
regulation of the Minister of Environment and Forestry of the Republic of Indonesia
No. 92/2018.

As a highly protected species in Indonesia, wreathed hornbills require
significant efforts from various sectors to ensure their survival in the wild. With
their natural habitat and population in decline, veterinarians play a crucial role in
safeguarding the health and welfare of wreathed hornbills in captivity.
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2.2 Enterobacteriaceae

The Enterobacteriaceae family is a diverse group of bacteria commonly
found in various environments. They represent around 80% of Gram-negative
pacterial isolates and are responsible for multiple diseases in humans, including
urinary tract infections, pneumonia, diarrhea, meningitis, sepsis, endotoxic shock,
and more (Ng et al. 2010). Many different genera and species within this family
frequently cause infections in humans. In animals, members of the family
Enterobacteriaceae can be divided into three groups depending on their
pathogenicity. They include major animal pathogens like Escherichia coli,
apportunistic pathogens that occasionally cause infections in animals like Proteus
spp., Enterobacter spp., and Citrobacter spp., and organisms of uncertain
fmportance for animals, such as Erwinia spp. and Leclercia adecarboxylata, and
ecan also cause various infections, including urinary tract infections, pneumonia, and
sepsis (Jesumirhewe et al. 2022).

Several studies have highlighted the significance of Enterobacteriaceae
species in avian feces. A study by Beleza et al. (2019) shows that
Enterobacteriaceae are commonly found to cause an infection in birds of the
Passeriformes order. However, the presence of predisposing factors is necessary to
trigger diseases in birds. Enterobacteriaceae are important potential pathogens in
avian clinical medicine, which could cause both primary and secondary infections.
In their study, it also showed that from 300 fecal samples obtained from various
parrot species, there are 508 different isolates of bacteria from various species,
highlighting the massive amount of bacterial diversity within avian species and its
significance in avian medicine (Hidasi et al. 2013).

2.3 Gut Microbiota in Avian

The avian digestive system hosts a very complex and diverse microbiota that
plays a crucial role in maintaining the functionality of the gastrointestinal tract.
Additionally, immunity, nutrition, metabolism, and many other physiological
functions are closely linked to the gut microbiota. According to research on
wreathed hornbill, great hornbill, and toco toucan birds by Sun et al. (2018), the
microbiota of wreathed hornbill was dominated by unclassified Enterobacteriaceae
(0.1%—-44%), Pseudomonas (1%—-45%), Lactobacillus (9%—-68%),
Acinetobacter (0.3%-28%), and Clostridium (0%-21%). The great hornbill also
showed similar results in the ratio of bacteria being comprised of unclassified
Enterobacteriaceae (0.5%-33%), Pseudomonas (0.2%—-37%), unclassified
Clostridiaceae (9%—47%), unclassified Streptophyta (0%-—
41%), Epulopiscium (0.7%-19%), and Fusobacterium (0%—-24%). These results
show that Firmicutes and Proteobacteria were the dominant phyla in the gut
microbiotas of the two omnivorous species examined in this study. These two phyla
are also observed to be the most common phyla in the gut of other birds.

Research by Waite et al. (2014) revealed that on the digestive tract of
kakapo, a critically endangered New Zealand parrot, phylum-level content
consisted predominantly of Proteobacteria and Firmicutes, with a frequent presence
of Bacteroidetes and Actinobacteria found in the kakapo fecal samples. Another
study also highlights the diversity of microbiota in other types of birds. Roggenbuck
et al. (2014) mention that on carnivorous birds, especially vultures, the most
common phyla of bacteria that can be found are the Firmicutes, Proteobacteria, and
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the Actinobacteria. These studies show our current understanding of the microbiota
of various bird species with different diets and behaviors.

2.4 Antimicrobial Resistance in Avian

Antimicrobial resistance among Enterobacteriaceae in avian is a significant
concern. Enterobacteriaceae have been found to show resistance towards various
antimicrobials, with bacterial isolates showing greater resistance to amoxicillin
(78.7%), ampicillin (75.4%), streptomycin (45.9%), and sulfonamides (42.6%)
(Beleza et al. 2019). Among the other three most frequently occurring bacterial
species (Serratia liquefaciens, Enterobacter aerogenes, and Enterobacter
cloacae), each has a high absolute frequency of amoxicillin-resistant strains, with
an isolate of Enterobacter aerogenes showing a resistance to all 12 antimicrobials
used in that study (Beleza et al. 2019).

A study by Sigirci et al. (2019) mentions that samples obtained from birds in
pet shops across Istanbul have shown the presence of various bacteria, such as
Pseudomonas spp., Salmonella spp., and Shigella spp., that were resistant to
tetracycline. That study stated that 65% of 150 isolates were resistant to
tetracycline, and 58% of them were classified as multidrug resistant. These studies
emphasize the necessity of identifying antimicrobial-resistant bacteria in avian
species, especially those that have recurrent close contact with humans, such as
birds in ex-situ conservation sites.



3. METHODS

3.1 Time and Place

The research was performed from November 2024 until February 2025.
Samples were collected from Taman Burung, Taman Mini Indonesia Indah, Jakarta,
under the management of Jagat Satwa Nusantara. The research was conducted in
the Laboratory of Bacteriology, Division of Medical Microbiology, School of
Veterinary Medicine and Biomedical Sciences (SVMBS), IPB University.

3.2 Tools and Materials

The tools that were used during this research included gloves, masks, lab
coats, inoculating loops or needles, sterile petri dishes, sterile cotton swabs, filter
paper, test tubes, test tube racks, pipettes, sterile forceps, micropipettes, vortex tube
mixers, Durham tubes, incubators at 37 °C, microscopes, Bunsen burners, glass
slides, cover slips, and refrigerators.

The materials that were used in this research included fecal samples from 7
individuals of wreathed hornbills (Rhyticeros undulatus), NaCl 0.9%, KOH 3%,
H>0: 3%, alcohol 70%, alcohol 96%, distilled water, Blood Agar (BA),
MacConkey Agar (MCA), Tryptic Soy Agar (TSA), Mueller Hinton Agar (MHA),
Gram staining reagents (including crystal violet, lugol, safranin, distilled water, and
acetone alcohol), indole, xylol, immersion oil, oxidase reagent, methyl red (MR)
reagent, VVoges-Proskauer (VP) reagent, Ehrlich reagent, Simon's citrate, sulphur
indole motility (SIM), Triple Sugar Iron Agar (TSIA), urease test media, sugars for
fermentation tests (including glucose, lactose, sucrose, maltose, and mannitol),
antimicrobial discs, peptone water, and disinfectants.

3.3 Methodology

3.3.1 Sample Collection

Fecal samples were collected from 7 wreathed hornbill individuals in
Taman Mini Indonesia Indah, Jakarta. The fecal droppings from each bird were
collected by placing a large clean sheet of plastic underneath the cage of the
hornbills. The plastic was placed there for approximately 30 minutes to an hour.
After that, the droppings were collected using sterile forceps or other sterile tools
and put inside a clear zip lock bag. The bags were properly labelled before being
placed inside a cooler box to maintain the viability of the samples, and were
prought to the Laboratory of Bacteriology, SVMBS, IPB University.

3.3.2 Bacteria Isolation from Fecal Sample

The fecal sample was diluted using a 0.9% NaCl solution at a 1:9 ratio,
then homogenized using a vortex. The resulting bacterial suspension was taken
with an inoculating loop and inoculated onto BA and MCA. The inoculation
method used the three-quadrant or plate T method with the streak plate
technique. The petri dish was then incubated at 37 °C for 24-48 hours. Bacterial
inoculation was performed under sterile conditions, with the inoculating loop
sterilized before streaking, done near a Bunsen burner, and the petri dish opened
as little as possible. After incubation, the separated single colonies were cultured
on TSA, then incubated at 37 °C for 24 hours.



3.3.3 Bacteria Identification from Isolates

Bacterial identification was performed by observing colonies
macroscopically, including their morphology, color, edges, and elevation on
selective media. A pure culture was taken from the TSA plate and placed on a
microscope slide, followed by Gram staining for microscopic identification. The
3% KOH test was used to distinguish between Gram-positive and Gram-negative
bacteria, where a positive result for Gram-negative bacteria is indicated by the
formation of a slimy texture. This test was performed by smearing the bacterial
colony onto a slide and adding a few drops of 3% KOH reagent. The oxidase test
was done by placing a few drops of oxidase reagent on filter paper. In contrast,
the catalase test involves smearing the bacterial colony on a slide and adding a
few drops of catalase reagent (Green and Goldman 2021).

The urease, TSIA, and Simmon’s Citrate tests were conducted by
inoculating the bacterial culture onto the respective media. Color changes in the
media were observed after 24-48 hours. The SIM test was also performed, and
media changes were observed after 24 hours, followed by the addition of Ehrlich
reagent to the surface of the media. The Methyl Red test was carried out by
inoculating the bacterial culture and incubating it for 24 hours, after which 3-5
drops of methyl red reagent were added. The Voges-Proskauer test was
performed by inoculating the bacterial culture, incubating it for 48 hours, and
then adding five drops of alpha-naphthol and 10 drops of 40% KOH to the
medium. The carbohydrate fermentation tests included glucose, sucrose,
maltose, mannitol, and lactose. These tests determined the bacteria’s ability to
ferment these sugars. A color change from red to yellow in the media indicated
a positive result (Green and Goldman 2021).

3.3.4 Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was carried out using the Kirby-Bauer
disk diffusion method (CLSI 2023). First, colonies from the culture were picked
up with a loop and placed into a test tube containing 0.9% NaCl, then mixed
thoroughly with a vortex. The bacterial suspension was then standardized using
the 0.5 McFarland suspension. After that, 100 pL of the suspension was pipetted
onto MHA and spread evenly using a sterile cotton swab. Once the surface had
settled, antimicrobial disks (ampicillin 10 pg, doxycycline 30 pg, gentamicin 10
ug, ciprofloxacin five pg, trimethoprim-sulphamethoxazole 1.25/23.75 ug,
chloramphenicol 30 pg) were carefully placed on the MHA plates. Each test was
repeated twice to ensure reproducibility. The plates were then incubated at 37
°C for 24 hours. After incubation, the inhibition zones around each antimicrobial
disc were measured with a caliper or ruler. Each test was performed in duplicate.
These measurements were compared against the standard antimicrobial
sensitivity guidelines provided by the Clinical and Laboratory Standards
Institute (CLSI) to determine the resistance levels of bacteria (CLSI 2023)(Table
1).
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Table 1 Breakpoints of antimicrobial susceptibility testing using the disk
diffusion method

Dose Diameter of Inhibitory Zone (mm)*

Antimicrobial Class — - -
(M9)  Sensitive  Intermediate  Resistant

Ampicillin Penicillin 10 >17 14-16 <13
Doxycycline Tetracycline 30 >14 11-13 <10
Trimethoprim- Sulfonamide 1.25/ >16 11-15 <10
sulfamethoxazole 23.75

Chloramphenicol ~ Amphenicol 30 >18 13-17 <12
Ciprofloxacin Fluoroquinolone 5 > 26 22-25 <21
Gentamicin Aminoglycoside 10 >18 15-17 <14

*Reference: CLSI (2023)

3.4 Data Analysis

The obtained data were analyzed descriptively and quantitatively. The data
were presented in tables and images containing results from isolation,
identification, characterization, and inhibition zones from the antimicrobial
susceptibility test of Enterobacteriaceae bacteria isolates from the fecal sample of
wreathed hornbills.



4. RESULT AND DISCUSSION

4.1 Bacterial Identification

Fecal samples from seven wreathed hornbills were cultured on MacConkey

agar (MCA) (Figure 2) and blood agar (BA) (Figure 3) to isolate
Enterobacteriaceae. A total of 16 isolates were obtained, with 14 from MCA:
13 showed pink coloration and one was pale yellow (Table 2). Lactose
fermenters appear pink on MCA, while non-lactose fermenters are colorless or
pale (Mazumder et al. 2022). MCA is a selective and differential medium that
supports the growth of Gram-negative bacteria while inhibiting Gram-positive
bacteria (Jung and Hoilat 2024).

Figure 2

Macroscopical examination of bacterial isolates on MacConkey Agar

(a); closer view of isolated colony (b)

Table 2 Macroscopic and microscopic examination of isolates on MacConkey agar

Bird Isolate Code Macroscopic Microscopic
Code
Color Lactose Shape Gram-staining
Fermentation
JEO2 JEO02M1 Pink + Coccobacilli  Gram-negative
JEO5 JEO5M1 Pink + Coccobacilli  Gram-negative
JEO5M2 Pink + Coccobacilli  Gram-negative
JEO5M3 Pink + Coccobacilli  Gram-negative
JEO5M4 Pink + Coccobacilli  Gram-negative
JEO4  JE04M1 Pink + Coccobacilli  Gram-negative
JEO8 JEO8M1 Pale Pink + Coccobacilli  Gram-negative
JEOBM3 Pink + Coccobacilli  Gram-negative
JEO9 JEO9M1 Pink Edges + Coccobacilli  Gram-negative
JE12 JE12M1 Pink + Cocci Gram-negative
JE12M2 Pale Yellow + Coccobacilli  Gram-negative
JE12M3 Pink + Bacilli Gram-negative
JE32 JE32M1 Pink + Coccobacilli  Gram-negative
JE32M2 Pink + Coccobacilli  Gram-negative
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From the BA (Figure 3), two isolates were isolated, in which one isolates
produced B-hemolysis while the other produced y-hemolysis (Table 3). Blood agar
IS used as a medium because it is a differential medium that can distinguish bacteria
based on their hemolytic character (Turista and Puspitasari 2019). A B-hemolytic
reaction implies the complete lysis of red blood cells, which causes a clear zone on
the agar surrounding the colony. Meanwhile, the a-hemolytic response is when the
fiemoglobin in the red blood cells is reduced to methemoglobin, causing a greenish
discoloration surrounding the colonies. Lastly, y-hemolysis had no hemolysis
{Mogrovejo et al. 2020).

Figure 3 Macroscopical examination of bacterial isolates on blood agar (a); closer
view of isolated colony (b)

Table 3 Macroscopic and microscopic examination of isolates on blood agar

Bird Isolate Macroscopic Microscopic
Code Code Colony Hemolysis Shape Gram-staining
color
JEOS JEO5B1 White B-Hemolysis  Coccobacilli Gram-negative
JEO8 JEO8B1 White y-Hemolysis Cocci Gram-negative

In addition to the macroscopical examination, Gram-staining was also done
to observe the microscopical structure and shape of the bacterium. Based on Gram
staining, all 16 isolates were identified as Gram-negative bacteria, which are
characterized by the pink color of the isolates under a microscope, as seen in Figure
4. Gram-positive bacteria have thick peptidoglycan walls without an outer
membrane, while Gram-negative bacteria have thinner peptidoglycan layers and
lipid-rich outer membranes. In Gram staining, crystal violet stains all cells purple,
and iodine forms large dye complexes. Alcohol removes the outer membrane in
Gram-negative bacteria, making them lose the purple dye, while Gram-positive
bacteria retain the dye. Safranin was added, and then the colorless Gram-negative
cells were stained pink. Thus, Gram-positive bacteria appear purple and Gram-
fiegative bacteria appear pink or red under a microscope (Paray et al. 2023). From
the obtained results, most colonies were circular in shape, shiny, and small in size.
The colonies were either pale yellow or pink. KOH 3% test was also done on the
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isolated bacteria to further confirm the Gram identity of each isolate, with every
isolate showing a positive result, which is indicative of Gram-negative bacteria. The
KOH string test was used to distinguish bacterial characteristics based on the
formation of mucus when bacterial colonies are reacted with KOH 3% reagent.
Gram-negative bacterial colonies will show a positive reaction with the formation
of mucus, while Gram-positive bacterial colonies will not show any reaction
(Rinihapsari and Julianasya 2021).

Rk by

a b| -

Figure 4 Microscopical examination of bacteria colored using Gram-staining.
Magnification: 10x100. Cocci-shaped bacteria of JE12M1 isolate (a),
Coccoid-shaped bacteria of JE32M2 isolate (b).

Further identification refers to the biochemical test results (Cowan and Steel
2003). According to Arbefeville et al. (2024), the difference in bacterial
biochemical characteristics, such as protein and fat metabolism, carbohydrate
metabolism, and enzyme production, shows enough information to help classify
bacteria into different groups based on their reactions. Based on biochemical test
results (Table 4), 16 bacterial isolates were identified consisting of four isolates of
Klebsiella genus (25%), four isolates of Escherichia genus (25%), three isolates of
Yersinia genus (18.75%), two isolates of Citrobacter genus (12.5%), two isolates
of Proteus genus (12.5%), and one isolate of Enterobacter cloacae (6.25%).
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From seven fecal samples of wreathed hornbill birds, four Klebsiella spp.
isolates were identified in three birds (42.8%). These four Klebsiella spp. isolates
were identified as three isolates of Klebsiella pneumoniae (JE02M1, JEOSMLI,
JE32M2) and one isolate as Klebsiella oxytoca (JE32M1). Klebsiella pneumoniae is
a Gram-negative, non-motile, bacilliform, late lactose-fermenting bacterium
(Nakhaee et al. 2022). It is an encapsulated opportunistic pathogen member of the
Enterobacteriaceae family. Klebsiella oxytoca is also a Gram-negative pathogenic
bacterium of environmental origin, which can cause infection in healthcare settings.
This species mainly resides in the intestinal system as a commensal bacterium.
However, it can also spread to the bloodstream and cause infection, especially in
individuals with an immunosuppressed condition. This species of bacterium is also
commonly associated with septicemia, pneumonia, and urinary tract infections in
humans and animals (Moradigaravand et al. 2017; Chang et al. 2018). The
Klebsiella genus is classified into a wide variety of species, namely K. indica, K.
terrigena, K. spallanzanii, K. huaxiensis, K. oxytoca, K. grimontii, K. pasteurii, and
K. michiganensis (Dong et al. 2022). Klebsiella pneumoniae and Klebsiella oxytoca
were isolated from stool samples and oropharyngeal swabs of several species of
parrots, gulls, and passerines that are clinically healthy (Davies et al. 2015; Chang
et al. 2018). However, K. pneumoniae frequently acts as a respiratory pathogen
among immunosuppressed birds. Systemic infections are more common in birds,
but local infections involving the upper respiratory tract, skin, oral cavity, and crop
may occur, especially in psittacine birds (Davies et al. 2015). This bacterium can
cause kidney failure, lung infections, and encephalitis in birds (Davies et al.
2015). Additionally, Klebsiella infections are frequently associated with respiratory
and urinary tract infections, sepsis, and mastitis in other animals. These bacteria can
also develop resistance towards multiple antimicrobials and can cause nosocomial
infections in animals (Nakhaee et al. 2022).

The Escherichia genus was present in 3 of 7 wreathed hornbills (42.8%). Out
of the 16 isolates, four isolates (JEO4M1, JEO5M3, JEO8M3, and JE12M1) (25%)
were identified as Escherichia coli. Escherichia coli is a Gram-negative bacterium
that exists as part of the normal gut microbiota in humans and animals, but can act
as an opportunistic pathogen under certain conditions. When found outside the
intestinal tract, these bacteria can cause urinary tract infections, pneumonia,
bacteremia, and peritonitis, among others. Its virulence factors enable E. coli to
evade the host's immune system and develop resistance to commonly used
antimicrobials (Nasrollahian et al. 2024). Escherichia coli are commensal bacteria
in the gastrointestinal tract, the pharynx, and trachea of birds, animals, and humans
(Guabiraba and Schoulder 2015). However, some E. coli strains are known to cause
serious diseases such as cystitis and colibacillosis in birds, and pyelonephritis,
sepsis, and gastroenteritis in humans due to their various virulence factors
(Stromberg et al. 2017). These strains are known as extraintestinal pathogenic E.
coli, which cause diseases outside the gastrointestinal tract, and are
epidemiologically and phylogenetically distinct from intestinal pathogenic E. coli
(Fancher et al. 2021).

Three Yersinia spp. isolates (JE0O8B1, JEO9M1, and JE12M2) out of sixteen
isolates (18.75%) were identified in three individuals. The genus Yersinia is a group
of Gram-negative, rod-shaped bacteria that consists of 11 species, with three species
that are particularly important due to their role in causing human diseases (Delibato
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et al. 2018). These include Yersinia pestis, Y. enterocolitica, and Y.
pseudotuberculosis. Two species of this genus, namely, Y. enterocolitica and Y.
pseudotuberculosis, can cause yersiniosis, which is an acute gastroenteritis in
humans and agricultural animals, especially swine (Seabaugh and Anderson 2024).
Yersiniosis in birds most commonly causes sudden death, with the clinical
symptoms being lethargy, diarrhea, and anorexia. Bright green feces have also been
feported in blue-fronted amazons (Amazona aestiva) and yellow-headed amazons
{A. oratrix), which were likely related to anorexia or hepatic changes observed
during necropsy (Galosi et al. 2015). A study reveals that out of 468 fecal samples
from 57 different species of migratory birds, 12.8% of collected samples were found
to have Yersinia spp. Most isolated Yersinia strains belong to nonpathogenic
species. However, pathogenic strains of Y. pseudotuberculosis and Y. enterocolitica
have also been isolated from two song thrushes (Turdus philomelos) and one
redwing bird (T. iliacus) (Niskanen et al. 2003).

Bacteria from the genus Citrobacter were found in two wreathed hornbills.
Two (JEO5B1 and JEO8M1) out of 16 isolates (12.5%) were identified as
Citrobacter sp., with one isolate (JEO5B1) being further classified as Citrobacter
freundii. Citrobacter spp. are Gram-negative, non-spore-forming, rod-shaped
bacteria that are facultative anaerobes belonging to the Enterobacteriaceae family
(Jabeen et al. 2023). They are commonly isolated from various environments,
including soil, sewage, sludge, water, food, and the intestinal tracts of both animals
and humans. Citrobacter spp. are also considered opportunistic nosocomial
pathogens that are often associated with urinary tract infections (UTISs),
bloodstream infections, intra-abdominal sepsis, brain abscesses, pneumonia, and
other neonatal infections such as meningitis, neonatal sepsis, joint infections, or
common bacteremia (Jabeen et al. 2023). Citrobacter spp. have been identified in
various exotic birds in the past. A sun conure (Aratinga solstitialis) was admitted
to a clinic due to symptoms of diarrhea and lameness. Biochemical tests revealed
the presence of Citrobacter diversus in the fecal sample (Ajayan et al. 2024). In a
separate case, a pair of Australian king parrots (Alisterus scapularis) underwent
necropsy, revealing Citrobacter freundii in the liver and spleen of both birds. No
parasitic or other bacterial infections were detected aside from C. freundii,
indicating that its presence was not a secondary infection. This suggests that under
certain conditions, an opportunistic pathogen like C. freundii can breach the
Intestinal mucosa and lead to severe bacteremia (Churria et al. 2014).

Two isolates (12.5%) (JEO5M2, JE12M3) were identified as Proteus sp. and
were found in two fecal samples of wreathed hornbills. Proteus spp. are Gram-
negative, facultatively anaerobic, heterotrophic, and proteolytic rod-shaped bacteria
that belong to the family Enterobacteriaceae. The other members of
the Protea family are Proteus, Providencia, and Morganella. P. mirabilis, P.
penneri, P. vulgaris, P. myxofaciens, and P. hauseri make up the genus Proteus
(Anju et al. 2023). These bacteria are commonly found in various environments,
including soil, water, and the gastrointestinal tracts of humans and animals. Proteus
spp. is also an opportunistic pathogen frequently associated with urinary tract
infections, wound infections, and nosocomial infections, particularly in
immunocompromised individuals. Among them, P. mirabilis is the most clinically
significant species, responsible for most Proteus-related infections (Drzewiecka
2016). The Proteus genus has also been reported in wild birds. A study reported
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that lovebirds (Agapornis sp.) infected with Proteus sp. exhibited signs of upper
respiratory tract infection, including seropurulent nasal shedding. In contrast,
Magellanic penguins (Spheniscus magellanicus) showed clinical signs of deep
pododermatitis in the footpad region (Olinda et al. 2012). Humidity, poor hygiene,
trauma, improper diet, and inadequate housing predispose birds to bacterial
infection (Olinda et al. 2012). This shows Proteus characteristics as an
opportunistic pathogen typically considered non-pathogenic, which can still lead to
infections and diseases, particularly when the host defense mechanisms are
compromised.

One isolate (JE5SM4) was identified as Enterobacter cloacae. Enterobacter is
a genus of Gram-negative, rod-shaped, facultatively anaerobic bacteria of the
Enterobacteriaceae family. It is a non-spore-forming, flagella-containing, urease-
positive, and lactose-fermenting bacterium. In humans, Enterobacter infections are
associated with an extensive range of clinical manifestations such as bacteremia,
lower respiratory tract infections, surgical site infections, and urinary tract
infections. Enterobacter infections can have similar clinical presentations to other
facultative anaerobic gram-negative rod bacterial infections, so they can often be
indistinguishable (Ramirez and Giron 2023). In birds, Enterobacter spp. are also
regarded as opportunistic pathogens that can multiply and cause intestinal or extra-
intestinal infections under certain conditions. In a study of 167 cloacal swabs
collected from psittacine species, 20% of the bacteria isolated were Enterobacter
cloacae. The Enterobacter genus is considered necessary in birds due to their
association with systemic infections in the respiratory and intestinal systems.
However, species like E. sakazakii, E. cloacae, and E. aerogenes can be isolated
from clinically healthy birds (Lopes et al. 2015).

4.2 Antimicrobial Resistance of Bacteria

All isolated bacteria (n=16) from the feces of wreathed hornbills in this study
were tested for their antimicrobial susceptibility using the Kirby-Bauer disc
diffusion method and interpreted according to CLSI (2023) by measuring the
diameter of the inhibition zone surrounding the antimicrobial discs as seen in Figure
5. Results showed various resistance levels towards six different antimicrobials
(Table 5, Table 6): chloramphenicol, ampicillin, ciprofloxacin, gentamicin,
sulfamethoxazole/trimethoprim, and doxycycline.
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Figure 5 Kirby-Bauer

Table 5 Antimicrobial susceptibility of bacteria isolated from the feces of

disc diffusion test
chloramphenicol (a); sulfamethoxazole/trimethoprim (b); gentamicin (c);
ciprofloxacin (d); ampicillin (e); doxycycline (f).

wreathed hornbills
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inhibition zones of
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Antimicrobial Susceptibility Test*
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Description: AMP = Ampicillin 10 pg; DO = Doxycycline 30 pg; CN = Gentamicin 10 pg; CIP =

Ciprofloxacin 5 pg; SXT = Trimethoprim-Sulfamethoxazole 1.25 pg /23.75 pg; C =
Chloramphenicol 30 pg; S = susceptible; | = Intermediate; R = Resistant.
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Table 6 Percentage of susceptible-resistant bacteria to antimicrobials tested

Number of Isolates (Percentage %)

Anti- o (n=16)

. . Antimicrobial Class - - -
microbials Susceptible  Intermediate  Resistant
DO Tetracycline 6 (37.5%) 0 (0%) 10 (62.5%)
AMP Penicillin 8 (50%) 3 (18.75%) 5 (31.25%)
C Phenicols 13 (81.25%) 2 (12.5%) 1 (6.25%)
CN Aminoglycosides 14 (87.5%) 2 (12.5%) 0 (0%)
SXT Folate Pathway 16 (100%) 0(0%) 0 (0%)

Antagonists
CIP Fluoroquinolones 16 (100%) 0 (0%) 0 (0%)

Description: AMP = Ampicillin 10 pg; DO = Doxycycline 30 pg; CN = Gentamicin 10 pg; CIP
Ciprofloxacin 5 pg; SXT = Trimethoprim-Sulfamethoxazole 1.25 pg /23.75 ug; C
Chloramphenicol 30 pg.

Based on the antimicrobial susceptibility test results in Tables 5 and 6, ten
isolates (62.5%) were resistant to doxycycline, five isolates were resistant to
ampicillin (31.1%), and one isolate (6.25%) was resistant to chloramphenicol.
Intermediate susceptibility was also seen with three isolates (18.75%) to ampicillin,
two isolates (12.75%) to gentamicin, and two (12.75%) isolates to chloramphenicol.
The remaining isolates were susceptible to the tested antimicrobials. Specifically,
all sixteen isolates (100%) were susceptible to ciprofloxacin and
trimethoprim/sulfamethoxazole. Fourteen isolates (87.5%) showed susceptibility to
gentamicin, thirteen isolates (81.75%) were susceptible to chloramphenicol, eight
isolates (50%) were susceptible to ampicillin, and six isolates (37.5%) were
susceptible to doxycycline. These results showed that doxycycline has the highest
resistance level among the tested antimicrobials, while ciprofloxacin and
trimethoprim/sulfamethoxazole have the lowest resistance level. No isolate is
considered multidrug resistant, or resistant to three or more classes of
antimicrobials (Catalano et al. 2022).

Ten isolates (62.5%) were resistant to doxycycline. These isolates were
JEO2M1 (K. pneumoniae), JEO5M1 (K. pneumoniae), JEO5M3 (E. coli), JEO5M4
(E. cloacae), JEO5B1 (C. freundii), JEO4M1 (Escherichia sp.), JE12M1 (E. coli),
JE12M2 (Yersinia sp.), JE12M3 (Proteus sp.), and JE32M1 (Klebsiella sp.).
Doxycycline is a part of the tetracycline antimicrobial that Kills and prevents the
growth of Gram-positive and Gram-negative bacteria. It works by binding the
bacterial ribosome and preventing amino acids from attaching themselves to the
ribosome of the bacteria, which would then disrupt proper protein formation and,
in turn, lead to bacterial death (Chopra and Roberts 2001). A lot of bacteria from
the Enterobacteriaceae family are resistant to doxycycline. A study reported that
86% of Klebsiella isolates, 90% of Citrobacter isolates, 92% of Proteus isolates,
and 55% of E. coli bacteria isolated from the fecal sample and rectal swab of 151
dogs and 182 cats were resistant to doxycycline (Aleshina et al. 2024). Due to the
overuse of antimicrobials in veterinary medicine, some Yersinia sp. isolated from
pigs were resistant to doxycycline; however, the number varies across countries,
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ranging from 31% of samples in Croatia to 62.5% in Malaysia (Angelovska et al.
2023).

Five isolates out of 16 (31.2%) were resistant to ampicillin, namely JEO5M2
(Proteus sp), JEOBM1 (Citrobacter sp.), JEO9M1 (Yersinia sp.), JE12M1
(Escherichia coli), and JE12M3 (Proteus sp.). Additionally, three isolates (16.6%),
which are JEO8BL1 (Yersinia sp.), JE32M1 (Klebsiella sp.) and JE32M2 (Klebsiella
fneumoniae) showed intermediate susceptibility. Ampicillin is a type of beta-
factam antimicrobial that kills bacteria by stopping them from building cell walls
by binding to penicillin-binding proteins, which prevents the bacteria from creating
a strong protective wall (Bereda 2022). However, some bacteria produce an enzyme
called penicillinase that breaks the beta-lactam ring, thus creating resistance
{Penwell et al. 2015). The obtained results align with a study by Bedeni¢ et al. 2025,
that shows bacteria from the genus Proteus that are isolated from a hospital
anvironment have been known to produce TEM-52, a type of beta-lactamase
enzyme, which causes resistance to ampicillin. Citrobacter freundii isolated from
the hospital environment contains a carbapenemase-producing gene, which causes
the bacteria to be able to resist beta-lactam antimicrobials (Yao et al. 2021). In that
study, all carbapenemase-producing Citrobacter isolates were resistant to
ampicillin. Yersinia spp. isolated from wild boars exhibited resistance to ampicillin,
with 98% of Y. enterocolitica and 13% of Y. pseudotuberculosis affected
(Hulankova 2022). Similarly, Escherichia coli isolated from a human patient also
demonstrated resistance to ampicillin (Li et al. 2019). Klebsiella pneumoniae is
naturally resistant to ampicillin because it possesses the SHV-1 penicillinase
enzyme encoded in its chromosome (Wyres and Holt 2018). Meanwhile, resistance
to other antimicrobials may sometimes arise through mutations within its DNA.
Most antimicrobial resistance in K. pneumoniae occurs by acquiring resistance
genes from other bacteria via horizontal gene transfer by sharing large conjugative
plasmids.

Isolate JEO8B1 (Yersinia sp.) was resistant to chloramphenicol, while two
other isolates (12.5%), comprising JEO5M1 (K. pneumoniae) and JEO5M4 (E.
cloacae), had intermediate susceptibility. Chloramphenicol is a synthetically
manufactured broad-spectrum antimicrobial that inhibits protein synthesis (Bale et
al. 2023). It belongs to its antimicrobial class and its derivatives such as florfenicol,
thiamphenicol, and azidamphenicol. Thiamphenicol and azidamphenicol are used
alongside chloramphenicol in human medicine. Florfenicol, on the other hand, is
often used in veterinary medicine. Factors that influence chloramphenicol
resistance are  chloramphenicol acetyltransferases, which inactivate
chloramphenicol through acetylation, and efflux pumps that actively remove the
drug from bacterial cells upon entry (Bale et al. 2023). This study aligns with
previous studies where Klebsiella pneumoniae isolated from duck cloacal swabs
was resistant to chloramphenicol (Thesia et al. 2025). Yersinia sp. isolates collected
from swine fecal samples also showed resistance to chloramphenicol (Angelovska
et al. 2023). A study reported that 28% of Enterobacter spp. Resisted
chloramphenicol (Sood 2016).

Two isolates (12.5%), namely JEO5M2 (Proteus sp.) and JEO5M3
{Escherichia coli), displayed intermediate susceptibility to gentamicin, while the
rest of the isolates were susceptible. Gentamicin is a part of the aminoglycoside
antimicrobial class and has bactericidal activity against aerobic Gram-
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negative bacteria. Gentamicin binds to the 16S rRNA of the 30S ribosomal subunit,
interfering with mRNA translation and causing the production of incomplete or
non-functional proteins (Beganovic et al. 2018). It is suggested that inserting these
defective proteins into the cell wall may weaken its structure. The most common
mechanism of aminoglycoside resistance is modifying the antimicrobial with
special enzymes called aminoglycoside-modifying enzymes (AMES). These
enzymes change parts of the aminoglycoside molecule, which prevents it from
binding effectively to the bacterial ribosome (Tsodikova and Labby 2015).

All sixteen isolates (100%) were susceptible to ciprofloxacin. Ciprofloxacin
IS an antimicrobial agent in the fluoroquinolone class used to treat bacterial
infections such as urinary tract infections and pneumonia. It works by inhibiting
bacterial DNA topoisomerase and DNA gyrase, enzymes that play a role in DNA
replication. Mutations in the DNA gyrase, plasmid transfer, and efflux pumps can
make bacteria more resistant to fluoroquinolones like ciprofloxacin (Shariati et al.
2022).

All 16 isolates (100%) were susceptible to trimethoprim-sulfamethoxazole.
Sulfamethoxazole is a sulfonamide antimicrobial that interferes with folate
production in bacteria. It competes with p-aminobenzoic acid (PABA) and blocks
the enzyme dihydropteroate synthase, which stops the formation of dihydrofolate.
Trimethoprim blocks a different enzyme called dihydrofolate reductase, preventing
the production of the active form of folate, tetrahydrofolate (Eyler and Shvets
2019). When combined, sulfamethoxazole and trimethoprim create a more
substantial, synergistic effect by blocking two steps in the folate pathway. Since
tetrahydrofolate is needed to make DNA and proteins, this combination can Kill
bacteria (bactericidal), whereas each drug alone only stops bacterial growth
(bacteriostatic). Resistance towards sulfamethoxazole-trimethoprim antimicrobial
is due to a mutation in the bacteria that causes the bacteria to acquire genes that
allow folate synthesis to continue even in the presence of sulfonamides. Bacteria
can also mutate to bypass the need for folate-dependent DNA synthesis, making
them resistant to trimethoprim (Cattoir 2022).

This study proved that doxycycline was the least effective antimicrobial, with
62.5% of tested bacteria showing resistance, followed by ampicillin, where 31.25%
of bacteria tested showed resistance, and 18.8% showed intermediate susceptibility.
On the other hand, ciprofloxacin and trimethoprim-sulfamethoxazole were the most
effective antimicrobials, as all isolates were susceptible to these antimicrobials.
However, the usage of fluoroquinolone antimicrobial class, such as ciprofloxacin
must be strictly supervised. The World Health Organization (WHO) in 2018
classified fluoroquinolones, including ciprofloxacin, as Highest Priority Critically
Important Antimicrobials (HPCIAs). This designation is based on three
prioritization factors: their use in treating serious infections in high-risk populations
with limited therapeutic alternatives, their frequent use in human medicine, and
documented evidence of resistance transmission from non-human sources. In
Indonesia, fluoroquinolones are likewise classified as prescription-only drugs under
Regulation of the Minister of Agriculture No. 14/PK.350/5/2017, requiring strict
veterinary oversight and cautious administration. In contrast, trimethoprim-
sulfamethoxazole, a folate pathway antagonist, is not classified as a hard drug under
Indonesian law and is not ranked as highly as ciprofloxacin on the WHO list of
critically important antimicrobials. Considering this, both drugs could potentially
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Indonesia Indah. However, it is essential for veterinarians to conduct appropriate
onitoring to minimize the risk of developing antimicrobial resistance. These
dings emphasize the importance of carefully selecting antimicrobial treatments
wreathed hornbills to ensure optimal effectiveness in addressing bacterial
2ctions. Additionally, it is crucial to administer antimicrobial therapy judiciously
yrevent the emergence and spread of resistant bacteria in the ex-situ conservation
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S. CONCLUSION AND SUGGESTION

5.1 Conclusion

The study identified and characterized a diverse range of Enterobacteriaceae
from 6 genera from the fecal samples of wreathed hornbills, namely Citrobacter,
Escherichia, Enterobacter, Klebsiella, Yersinia, and Proteus. Escherichia spp. and
Klebsiella spp. were the most commonly isolated bacteria in this research. Most of
the isolates were resistant to doxycycline, followed by ampicillin. However, no
multidrug-resistant isolates were detected. Furthermore, all isolates were
susceptible to trimethoprim-sulfamethoxazole and ciprofloxacin, making it the
most effective antimicrobial tested in this research. These findings highlight the
importance of microbiological monitoring in captive wreathed hornbills and the
importance of selective antimicrobial treatments to reduce the risk of antimicrobial
resistance within the conservation site.

5.2 Suggestion

Further testing to confirm the identity of the bacteria can be done, such as
using a more complete biochemical testing, PCR, and 16S rRNA sequencing.
Further research on antimicrobial resistance using different antimicrobials can help
expand antimicrobial resistance data in wreathed hornbills towards different classes
of antimicrobials. Additional research in other species of hornbills should be done
to develop further data regarding bacterial identification and antimicrobial
resistance in birds in ex-situ conservation.
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Sample Isolate Diameter of Inhibitory Zone (mm)
Code Species AMP DO CN CIP ST C
(10pg) (30 (10 (5 .25/ (30
Mg)  HO)  Hg) 2375  pg)
Hg)
JE02 JEO2M1 Klebsiella 23 0 27 43 28 18
pneumoniae
JEO5 JEO5M1 Klebsiella 24 0 225 35 275 175
pneumoniae
JEO5M2 Proteus sp 24 18 16 28 23* 23
JEO5M3 Escherichia 19.5 10 17 35 27 24
coli
JEO5M4  Enterobacter 23 0 20 31 20 16
cloacae
JEO5B1 Citrobacter 25.5 0 25.5 36 29 21
freundii
JEO4 JEO4M1 Escherichia 22.5 0 25 35.5 275 195
coli
JEO8 JEO8M1  Citrobacter sp 12 21.5 25 34 30 27.5
JEOBM3  Eschericia coli 20 21 22 36.5 28.5 28.5
JEOSB1 Yersinia 16.5 18 245 315 315 8
enterocolitica
JE09 JEO9M1 Yersinia sp 9.5 205 205 335 26.5 22.5
JE12 JE12M1 Escherichia 0 0 215 26 275 24
coli
JE12M2 Yersinia sp 23 0 271.5 40 29 24
JE12M3 Proteus sp 0 13 21.5 29.5 21.5
JE32 JE32M1 Klebsiella 135 0 26 375 30.5 22.5
oxytoca
JE32M2 Klebsiella 155 24 245 375 28 21

pneumoniae
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