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Vibrio, the most common bacterium associated with crustacean diseases,
poses a significant threat to shrimp farming due to outbreaks of vibriosis.
Therefore, the study aims to provide a comprehensive database on the
distribution of Vibrio spp. as well as virulence genes and antimicrobial
resistance profiling in Malaysian shrimp farms. Briefly, a total of 210 cultured
shrimp were collected from seven farms in Peninsular Malaysia. The findings
revealed that 225 presumptive Vibrio isolates were isolated from cultured
shrimp which were then subjected to biochemical test and molecular
detection using pyrH gene analysis. Eventually, 13 different Vibrio spp. were
successfully isolated and characterized including Vibrio parahaemolyticus
(55%), V. communis (9%), V. campbellii (8%), V. owensii (7%), V. rotiferianus
(5%), Vibrio spp. (4%), V. alginolyticus (3%), V. brasiliensis (2%), V.
natriegens (2%), V. xuii (1%), V. harveyi (1%), V. hepatarius (0.4%) and P.

damselae (3%). Based on virulence genes assessment, eight of the eleven



virulence genes in this study were detected, including chiA (89%), flaC
(74%), tlh (72%), toxR (70%), luxR (40%), pirA (11%), pirB (11%) and hlyA
(0.4%). Other virulence genes, such as tdh, trh and ctxA, were not detected
in any isolates (0%). From the virulence gene assessment, three Vibrio
isolates were chosen for the pathogenicity test based on highest number
present in each of the species. The isolates including V. parahaemolyticus
S12-3, V. campbelli S10-4, and V. rotiferianus S24-4 were tested by
immersion challenge test against postlarvae (PL) Penaeus monodon
approximately PL-20 with three different concentrations of 1 x 106 CFU/mL, 1
x 107" CFU/mL, and 1 x 108 CFU/mL. The LCso result revealed that the lowest
were V. parahaemolyticus S12-3 (1 x 10° CFU/mL) followed by V.
rotiferianus S24-4 (1 x 10! CFU/mL) and V. campbelli S10-4 (1 x 103
CFU/mL). Moreover, histopathological analysis showed sloughing of
epithelial cells in hepatopancreatic tubule, haemocytic infiltration, massive
vacuolation and loss of hepatopancreatic tubule structure. Meanwhile, the
majority of the species tested were resistant to penicillin G (100%), but
susceptible to norfloxacin (96%). According to the multiple antibiotic
resistance (MAR) index, 84% of Vibrio spp. exhibited a MAR index value of
more than 0.2. Thus, the findings suggested that a large number of Vibrio
spp. were resistant to several antibiotics and had been exposed to antibiotics
on a regular basis at the farms. Plasmid profiling revealed that 125 isolates
from a total 225 of Vibrio isolates harboured plasmid with the size ranging
from 1 kb and above 10 kb, separating the isolates into 23 plasmid profiles.
After plasmid curing, Vibrio-positive plasmid was lost resistance to antibiotics.
The findings revealed that the resistance to antibiotics in isolated Vibrio spp.

were either chromosomal or plasmid mediated. In conclusion, ongoing



monitoring of antibiotic-resistant microorganisms as well as understanding
the genetic basis of resistance are essential to implement a strategy for
minimizing AMR strain yet to improve shrimp farming management in
Malaysia.

Keywords: Antimicrobial resistance, Peninsular Malaysia, shrimp, Vibrio
spp., virulence
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Vibrio adalah bakteria yang paling kerap dikaitkan dengan penyakit pada
krustasea yang akhirnya memberikan ancaman yang serius terhadap
penternakan udang disebabkan oleh wabak vibriosis. Oleh itu, kajian ini
dijalankan bertujuan untuk menyediakan pangkalan data komprehensif
mengenai taburan spesies Vibrio, gen virulensi dan profil kerintangan
antibiotik terhadap spesies Vibrio yang dipencilkan daripada ternakan udang
di Semenanjung Malaysia. Secara ringkasnya, sebanyak 210 ekor ternakan
udang dari tujuh ladang yang terletak di kawasan geografi yang berbeza di
Semenanjung Malaysia. Hasil penemuan menunjukkan sebanyak 225
spesies Vibrio telah berjaya dipencilkan daripada ternakan udang yang
kemudiannya disaring dengan ujian biokimia dan pengesanan molecular
berdasarkan gen pyrH. Melalui pengesanan molekular menggunakan gen
pyrH, sebanyak 13 spesies Vibrio telah dipencilkan dan dicirikan iaitu Vibrio
parahaemolyticus (55%), V. communis (9%), V. campbellii (8%), V. owensii

(7%), V. rotiferianus (5%), Vibrio spp. (4%), V. alginolyticus (3%), V.
v



brasiliensis (2%), V. natriegens (2%), V. xuii (1%), V. harveyi (1%), V.
hepatarius (0.4%) dan P. damselae (3%). Kesemua isolat daripada spesies
Vibrio kemudiannya disaring untuk gen virulensi di mana lapan daripada 11
gen virulensi dikesan termasuk pirA (11%), pirB (11%), (72%), flaC (74%),
toxR (70%), chiA (89%), luxR (40%) dan hlyA (0.4%). Gen virulensi yang
lain seperti tdh, trh, dan ctxA tidak ditemui dalam mana-mana isolate (0%).
Daripada pencirian virulensi, sebanyak tiga spesies Vibrio telah dipilih untuk
ujian patogenisiti berdasarkan bilangan gen virulensi tertinggi yang terdapat
dalam setiap isolat. Isolat yang terdiri daripada V. parahaemolyticus S12-3,
V. campbellii S10-4, dan V. rotiferianus S24-4 telah diuji dengan kaedah
infeksi secara rendaman terhadap benih udang Penaeus monodon (PL-20)
dengan tiga kepekatan yang berbeza iaitu 1 x 108 CFU/mL, 1 x 10" CFU/mL
dan 1 x 108 CFU/mL. Keputusan LCso menunjukkan bacaan yang paling
rendah ialah V. parahaemolyticus S12-3 (1 x 10° CFU/mL) diikuti oleh V.
rotiferianus S24-4 (1 x 10 CFU/mL) dan V. campbellii S10-4 (1 x 10'3
CFU/mL). Analisis histopatologi pula menunjukkan terdapat penyusutan sel
epitelium dalam tubul hepatopankreatik, penyusupan hemositik,
pembesaran pada vakuolasi dan kehilangan struktur tubul hepatopankreatik.
Sementara itu, kesemua isolat bersifat rintang terhadap penisilin G (100%),
tetapi rentan terhadap norfloxacin (96%). Tambahan pula, 84% daripada
isolat menunjukkan indeks kerentanan antibiotik berbilang (MAR) lebih
daripada 0.2. Manakala 16% menunjukkan indeks kerentanan antibiotik
berbilang (MAR) kurang daripada 0.2. Pemprofilan plasmid mendedahkan
sebanyak 125 isolat daripada jumlah 225 isolat yang mengandungi plasmid
dengan saiz plasmid di antara 1 kb dan lebih daripada 10 kb, yang

memisahkan sebanyak 23 profil plasmid. Semasa proses pemulihan

Vv



plasmid, kebanyakan Vibrio-positif plasmid telah kehilangan kerentanan
terhadap antibiotik. Hasil penemuan mendapati isolat yang rentan terhadap
antibiotik ini mungkin disebabkan oleh mediasi-kromosom atau mediasi-
plasmid. Secara kesimpulannya, pemantauan yang berterusan terhadap
mikroorganisma rintang antibiotik serta pemahaman asas genetik rintangan
adalah penting untuk melaksanakan strategi meminimumkan strain AMR dan
pada masa yang sama meningkatkan pengurusan ternakan udang di
Malaysia.

Kata Kunci: Kerintangan antimikrob, Semenanjung Malaysia, spesies Vibrio,
udang, virulen
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

Aquaculture is one of the fastest growing industries in the world. According to
FAO (2022), marine shrimp was among the highest demand in aquaculture,
approximately USD 34.2 billion accounting for 5.51 metric tonnes (MT)
followed by freshwater crustaceans at USD 24.3 billion accounting for 2.53
MT. However, the shrimp industry faces numerous challenges such as
disease outbreak caused by bacterial, viruses and fungal diseases in the

aquaculture system (El- Saadony et al., 2022).

Vibriosis caused by Vibrio spp. has gained attention as a causative agent of
diseases in aquatic animals, and it is recognised as significant contributor to
the diseases with huge economic impacts on global aquaculture industry
including shrimp aquaculture industry (Hossain et al., 2024). This Vibrio-
related disease causes significant losses in yield and causing substantial
economic damage every year (Li et al., 2020). In order to solve the problem,
antibiotics are commonly used to promote growth, prevent and treat bacterial
infections. However, the widespread and inappropriate usage of antibiotics
are leading for emergence and spread of antimicrobial resistance (AMR). This
alarming issue threatens public health by diminishing the effectiveness of

antibiotics in treating diseases (Tang et al., 2023).

In addition, the presence or absence of virulence factors can influence how

severe an infection is and how easily it can be treated (Li et al., 2019). There
1



iIs some evidence to suggest that certain mechanisms of AMR can also
contribute to the virulence. This means that when the bacteria become
resistant to antibiotics, it may also increase virulency (De Nies et al., 2021).
Some bacteria may acquire resistance genes on mobile genetic elements
such as plasmid, that also carry genes involved in virulence (Dionisio et al.,
2019). The plasmid plays a crucial role in facilitating the transfer of antibiotic-
resistant genes, which can be transmitted to the next generation via vertical
gene transfer or exchanged with other bacteria via horizontal gene transfer

(Liu et al., 2022).

Overall, the surveillance of antimicrobial resistance and monitoring of
antibiotic use in aquaculture should be encouraged to improve antibiotics
management. In addition, aquaculture producers must adhere to the
regulations and guidelines set by their local governments to minimize the risk
of antibiotic resistance. Furthermore, it is also important to develop alternative
methods for preventing and controlling disease to eliminate shrimp health

risks.

1.2 Problem statements

Although there were several studies related to distribution, virulence and
antimicrobial resistance on Vibrio spp. isolated from shrimp across the world,
however in Malaysia, there were limited information regarding on these
studies. In fact, if it covered Vibrio spp., it was just one or two species, and

some of the studies only covered a limited number of geographical areas.



Therefore, the epidemiology of vibriosis in shrimp Malaysia’s aquaculture

remains poorly understood.

According to Lulijwa et al. (2020), there is a lack of data and information on
antibiotic use in Malaysia. This causes difficulty in making an accurate
comparison with other studies. Moreover, the research revealed that only
5.9% studies on antibiotic resistance in aquaculture and associated
environments have been performed. The species involved were catfish
(Clarias gariepinus), tilapia (Tilapia mossambica), banana prawn (Penaeus
indicus), red prawn (Solenocera subnuda), groupers (Epinephelus spp.),
Asian seabass (Lates calcarifer) and red snapper (Lutjanus sp.) (Budiati et
al., 2013; Kathleen et al. 2016; Laith et al. 2017; Letchumanan et al. 2019;
Amalina et al., 2019; Mohamad et al., 2019). With increasing concern over
AMR, a threat to both aquaculture industries and public health, it is critical to

monitor and prevent AMR among Vibrio species.

In addition, the virulence factors associated with Vibrio spp. pathogenicity in
Malaysian cultured shrimp are yet unknown. As a result, some knowledge on
the distribution and expression of virulence genes in Vibrio spp. might provide
essential insights into environmentally friendly techniques to treating Vibrio
infection in shrimp farming. Thus, a better understanding of vibriosis
epidemiology will allow for the development of more effective curative and

preventative methods to fight the disease.



1.3 Significance of study

In Malaysia, there is currently limited documentation regarding the presence
of Vibrio spp. in cultured shrimp. Therefore, by investigating the distribution,
virulence factors and antimicrobial resistance of Vibrio spp. in cultured shrimp,
the valuable information for shrimp farmers, aquaculture researchers, and
policymakers will be provided. In addition, the knowledge of the prevalence
and distribution of diseases may assist farmers, researchers, and
policymakers in the development of control measures for diseases in shrimp

farming.

Moreover, the information is useful for regulations to control practices on the
farms and minimize the magnitude of the antibiotic resistance among Vibrio
spp. For this reason, information regarding on distribution of Vibrio spp. in the
farms around Peninsular Malaysia particularly was important in order to
provide greater knowledge of the epidemiology of Vibrio infection throughout a
geographical region. The findings can contribute to the development of
effective management strategies to mitigate the risk of disease outbreaks and

promote sustainable shrimp farming practices in Peninsular Malaysia.

1.4  Objectives of the study

The research framework of the study was summarized in Figure 1.1. The
study was carried out with the following objectives:
1. To isolate and characterize of Vibrio spp. from cultured shrimp collected

from various geographical region in Peninsular Malaysia.



To assess virulence genes profiles of Vibrio spp. isolated from cultured
shrimp in Peninsular Malaysia.

To evaluate the most virulent strain of isolated Vibrio spp. by
experimental infection study in shrimp.

To determine the distribution and patterns of antimicrobial resistance in
Vibrio spp. isolated from cultured shrimp in Peninsular Malaysia and their

ability to transfer the resistance plasmid.
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1.5 Hypotheses of the study

The hypotheses of this study are as below:

Hypothesis 1:

Ho: The Vibrio spp. was not present in the cultured shrimp from the selected
farms in Peninsular Malaysia.

Hi: The Vibrio spp. was present in the cultured shrimp from the selected

farms in Peninsular Malaysia.

Hypothesis 2:

Ho: There are no difference in the presence of virulence gene profiling of
Vibrio spp. isolated from cultured shrimp in Peninsular Malaysia.

Hi: There are difference in the presence of virulence gene profiling of Vibrio

spp. isolated from cultured shrimp in Peninsular Malaysia.

Hypothesis 3:

Ho: There are no difference in the pathogenicity of selected Vibrio spp. as
determined by the experimental infection study.

Hi: There are difference in the pathogenicity of selected Vibrio spp. as

determined by the experimental infection study.

Hypothesis 4:

Ho: There are no difference in the presence of antibiotic resistance and plasmid
profiling of Vibrio spp. isolated from cultured shrimp in Peninsular Malaysia.

Hi: There are difference in the presence of antibiotic resistance and plasmid

profiling of Vibrio spp. isolated from cultured shrimp in Peninsular Malaysia.
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