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Isolation and Characterization of Shigella spp. from Water in Aquaculture Farm. 

Stephanie Lenja Anak Sait 

Resources Biotechnology Programme 
Faculty of Science and Technology 

Universiti Malaysia Sarawak 

Shigellosis, the clinical presentation for Shigella spp. infection is characterized by abdominal 
cramps, fever, and diarrhea included four groups S.sonnei, S.boydii, S.dysentery and S.flexneri, 
Therefore, Shigella are responsible pathogen for majority of bacillary dysentery cases. However, 
their presences in aquaculture sector had become a concern, especially affect towards to human 
health. Besides, treatment of shigellosis with appropriate antimicrobial agents is able to shorten 
duration of illness the consequences are they able to resists against antimicrobial agents are 
increasing. The general aim for this study was to isolate and identification the presences of Shigella 
spp. in both traditional and commercial aquaculture farm. In order to achieve this, water sampling 
collection from I traditional pond and 2 aquaculture pond, isolated by XLD agar, differentiated by 
several biochemical tests and molecular analysis (polymerase chain reaction). Amplification of 
Shiga toxin (stx gene) was done to confirm the presences of pathogenic Shigella spp. in both type 
farms. Three cultures samples from each aquaculture farm were assessed with some appropriate 
antibiotics such as ampicillin, tetracycline, sulphonamides, erythromycin and sulfamethoxazole. 
Overall, the bacterial strain are able to resist the antibiotics. 

Key words: Shigella spp., Aquaculture farm, biochemical tests, Polymerase Chain Reaction (PCR), 
stx gene, Antibiotics 

Abstrak 

Shigellosis, merupakan proses jangkitan untuk spesies Shigella yang mengakibatkan kekejangan 
abdomen, demam, dan cirit-birit. Spesies Shigella. dibahagikan kepada empat kumpulan termasuk 
spesies sonnei, spesies boydii, spesies dysentery dan spesies flexneri, dan ini menyebabkan 
terhasilnya Shigella kerana patogen yang bertanggungjawab dalam majoriti kes disentri bacillari. 
Tetapi, kehadiran Shigella dalam sektor akuakultur telah menjadi kebimbangan, terutamany a dalam 
menjejaskan kesihatan manusia. Penggunaan antibiotik yang sesuai telah menyingkatkan tempoh 
penyakit tetapi kesan daya ketahanan terhadap antibiotik yang biasa digunakan semakin meningkat. 
Matlamat utama dalam kajian ini adalah untuk mengasingkan dan mengenalpasti spesies Shigella 
di kedua-dua ladang akuakultur tradisional dan komersil. Bagi mencapai ini, sampel air dari I 
kolam tradisional dan 2 kolam akuakultur, diasingkan dengan agar XLD, dibezakan dengan 
beberapa kajian biokimia dan analisis molekul. Penyah- toksin Shiga (stx gen) dilakukan untuk 
mengesahkan kehadiran patogenik Shigella spp. dalam kedua-dua jenis kolam. Bakteria yang 
mengandungi toksin Shiga diuji kaji dengan ampicillin, sulfonamid, sulfametoksazol,erythromycin, 
dan tetracycline. Kesimpulannya, bakteria daripada ketiga-tiga kolam ini mampu mengatasi kesan­ 
kesan antibiotik tersebut. 

Kata kunci: spesies Shigella, Jadang aguakultur, gen stx, Antibiotik 
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1.0 INTRODUCTION 

Aquaculture farming is an important sector in the agriculture industry and expected 

to grow further to meet the future demand. The rapid growth and high production of 

carnivorous species such as salmon, shrimp and catfish in which leads to globalizing trend 

especially in food agriculture. 

The prevalent mechanisms applied in the aquaculture farm was the used of 

antibiotic. The usage of antibiotic in aquaculture farm mainly chemical substances have the 

capacity to kill or inhibit the growth of the microorganisms. Antimicrobial agents are 

widely used as treatment, therapeutic, prophylactic in fish farming (Aly & Albutti., 2014). 

The antibiotic are usually used to increase the growth and as feed efficiency in animals and 

some of it are frequently used in both veterinary and human medicine (Kathleen et al., 

2016). 

In aquaculture, antimicrobials are regularly added to the feed, which is then placed 

in the water where the fishes are kept but in some cases, antimicrobials may be added 

directly to the water and based on Romero et al. (2012) to prevent the infection disease to 

spread over the aquaculture farm and with limited vaccine, it has tum to increase usage of 

the antimicrobial agents or antibiotic such as the prophylactic procedure. 

However, the extensive establishment of aquaculture farm has led to extreme usage 

of antimicrobial which leads to the raise of concern in the human and environment health. 

The heavy used of the antibiotics and synthetic antimicrobial agents contribute to the 

selective pressure (Suzuki et al., 2017). It shows that the antibiotic supposedly inhibit and 

kill the growth of microorganisms but it turns into other side which the bacteria living in 

aquaculture had resist toward the antibiotic. The over-use of antibiotic toward aquaculture 

microbes make them resistant to antibiotic and sanitary barrier used in terrestrial food 



animal production are difficult to establish in aquaculture. This condition with combination 

of high population density, water quality, or both, may lead to increase of bacterial 

infection thus contribute to the increase of antimicrobials agent usage, thereby increasing 

the selective pressure on bacteria in aquatic environment (Heuer et al. 2009). 

This study also concern on the. microorganisms Shigella spp. presence in the 

aquaculture farm. Shigella spp. can be transmitted through fecal-oral route where it affects 

the human colon, with an infectious dose of only 10-100 organisms (Levine et al., 2013). 

In addition, virulence factor of Shigella spp. determines their specific mechanisms compare 

to other genera of Enteric bacteria. A greater understanding of antibiotic resistance in 

aquaculture farm is required as water is an important source for human activity hence could 

be a transport medium of Shigella spp. The antibiotics may not able to resist the Shiga 

toxin as the Shigella spp. strain may susceptible to antibiotics due to overuse-antibiotic. 

The objectives of this project are: 

I. To determine the presence of Shigella spp. in water of both traditional and 

commercial aquaculture farm. 

2. To compare the antibiotic resistance of Shigella spp. isolated from water in 

commercial and traditional aquaculture farm. 

3. To distinguish the antibiotic resistant of stx genes-producing Shiga Toxin from water 

in commercial and traditional aquaculture farm. 



2.0 LITERATURE REVIEW 

2.1 Aquaculture Farm 

Aquaculture farm were known since back days which it focused on the farming of 

aquatic livings such as fish, crustaceans, mollucscs and microalgae. According to Bostock 

et al. (2010), the aquaculture had contributed 43 per cent of aquatic animal food for human 

consumption in 2007 and it expected to grow further to meet the future demand. The 

aquaculture sector has include several factors which made it became globalizing and trends 

in food industries. For instance, the output, value and the regional overview. The certain 

places has been driven by factors such as pre-existing aquaculture practices, population and 

economic growth, relaxed regulatory framework and expanding export opportunities 

(Bostock et al., 2010). 

Besides, the growth rates of aquaculture and the species produced from freshwater 

also affect the high demand of aquaculture systems. Every aquaculture farm has it different 

systems and environment typically freshwater ponds and tanks, freshwater cages, coastal 

ponds and tanks, coastal cage farms, and marine molluscs and aquatic plants. In addition to 

their use in human medicine, antimicrobials are also used in food animals and aquaculture, 

and their use can be categorize as therapeutic, prophylactic or metaphylactic. Based on 

Romero et al.(2012), therapeutic use corresponds to the treatment of established infections, 

for metaphylaxis is a term used for group-medication procedures that aim to treat sick 

animals while also medicating others in the group to prevent disease and prophylaxis 

means the preventative use of antimicrobials in either individuals or groups to prevent the 

development of infections. Hence, the promotion of antibiotic towards aquaculture has 

being one of significant in aqua-farming but in certain limits and levels. 
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2.1.1 Microbes that developed antibiotic resistance in aquaculture farm 

Large number of bacteria from highly diverse bacterial species could be isolated 

from aquaculture pond and it environment. The presences of highly diverse bacterial 

provide high level nutrients in the water (Kathleen et al., 2013). Based on previous 

study by Apun et al. ( 1999), the fish intestine contain the most number of bacteria 

among different species. Some of bacteria that commonly found in aquaculture system 

were Aeromonas, Escherichia, Enterobacter, Klebsiella, Pseudomonas, Vibrio, Bacillus, 

Listeria, Staphylococcus, Citrobacter and Edwardsiella. In antibiotic selection had 

resulted, the differences bacterial genera required the different classes of antibiotic for 

optimal antibacterial activity. 

2.2 Antibiotic and Antibiotic resistant-mechanisms. 

Antibiotic or antimicrobial agent can be define as the substances that have 

capacity to kill or inhibit the growth of microorganisms (Aly & Albutti., 2014). In 

addition, the antibiotic also used as medical treatment and should be safe to host in body 

defenses system. Antibiotic reported as used in aquaculture or in livestock production or 

of interest in human medicine, they were amoxycillin, ampicillin, cephalothin, 

cephalexin, cefoperazone, ceftiofur, nalidixic acid, oxolinic acid, ciprofloxacin, 

chloramphenicol, florfenicol, gentamicin, kanamycin, erythromycin, tetracycline, 

oxytetracycline, sulfamethoxazole, trimethoprim and potentiated sulphonamide 

(trimethoprimsulfamethoxazole)( Akinbowale et al, 2006). Different antibiotic has its 

own different chemical structures, and their act on different part of bacterial machinery. 

Generally, the antibiotic act by bactericidal effect kills the bacteria by interfering the 

formation of bacterium cell wall or its cell content. The other is bacteriostatic effect, the 

antibiotic stops bacteria from multiplying by interfering bacterial protein production 

(Romero et al., 2012). However, several bacteria may survive under unfavorable 
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condition environmental changes after selecting mutations that made themselves to 

improve their fitness for new adaptation. This antibiotic resistant can be categorized into 

two forms which inherent or intrinsic resistance, the species is not normally susceptible 
' 

to a particular drugs may be due to the inability of the antibacterial agent to enter the 

bacteria cell and reach its target site, or a lack of affinity between the antibacterial and 

its target (site of action), or the absence of the target in the cell. Next, the type acquired 

resistant represents the major cause for concern because of the transmissible nature of 

the resistance mechanisms. In this case, the bacterial species is normally susceptible to a 

particular drug, but some strains express drug resistance. Initially susceptible 

populations of bacteria become resistant to an antibacterial agent and proliferate and 

spread under the selective pressure induced by the use of that agent (Romero et al., 

2012). 

2.3 Disc Diffusion Method 

Antimicrobial susceptibility testing is the most often uses the disc diffusion 

(Kirby- Bauer) due to its simplicity and to the possibility of testing a series of 

antimicrobial agents in one experiment. According to Tendencia (2004) , the antibiotic­ 

impregnated disk, placed on agar previously inoculated with test bacterium, pick-up 

moisture and the antibiotic diffuse radially outward through the agar medium which 

producing an antibiotic concentration gradient. This make concentration of antibiotic at 

the edge of disk is high gradually will diminishes as the distance from disk increasing to 

point where it is no longer inhibitory for the organism, which then grow freely. A clear 

zone or ring is formed around an antibiotic disk after incubation if the agent successful 

inhibits bacterial growth. 



2.4 Enteric Bacteria 

Based on Guentzel (1996), enteric bacteria were mostly found or pathogenically at 

intestinal area of human even animal gut flora. This_bacteria are n;orphologically in 

rodshaped gram-negative bacteria, in the general clinical the virulence of this bacteria 

often depends with presence of attachment pili (for hemagglutinating reaction) and sex pili 

also may be present which it function to transfer genetic information. 

Enteric bacteria is under the family of Enterobacteriaceae. It consists of these Genera 

which they are Escherichia, Salmonella, Shigella, Klebsiella, Serratia, Proteus, Yersinia, 

Erwinia, Enterobacter, Pasteurellales and others. These bacterial group has their own 

mechanism in destroying or inhibit their host tract such as triggering inflammatory or 

disrupt intestinal barrier and absorption occur. Based on studies of Hodges and Gill (2010), 

the mechanisms for microbial diarrhea by which an organism involve colonize and disrupt 

intestinal function to cause malabsorption or diarrhea are microbial attachment, localized 

effacement of the epithelium, production of secretory enterotoxin, production of 

celldestroying cytotoxin, or direct epithelial cell invasion. 

2.5 Shigella spp. 

One of Enterobacteriaceae genus known as bacillary dysentery, non-sporulating, 

facultative anaerobe. Shigella spp. is also a primate-restricted pathogen, which 

differentiates it from the other members of the Enterobacteriaceae family in which it is 

classified. Shigella spp. transmission is by the faecal-oral route, and may be via food or 

water, as well as by person spread such as contaminated hands often contaminate food that 

is then served to others.Once Shigella bacteria affect their host-microbiota, it known as 

shigellosis. The Shigella genus is divide into four species Shigella dysenteriae(serogroup 

A, 15 serotypes), 
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Shigella flexneri ( serogroup B, 19 serotypes), Shigella boydii(serogroup C, 20 serotypes) 

and Shigella sonnei (serotype D, 1 serotype), these had made divided into multiple 

serotypes dependent on their O-antigen and biochemical differences (Mattock and 

Blocker,2017). According to Levine et al. (2013), these four different species linked to 

disease in varying geographical locations. S, dysenteriae causes severe epidemic in less 

developed countries, S. flexneri causes disease in developing countries, S, boydii confined 

in Indian subcontinent and S sonnei occurs in both transitional and developed countries. 

Shigella sp. secretes virulence factor that induce inflammation and mediate enterotoxic 

(ST) effects on the colon, producing the classic watery diarrhea usually seen early in 

infection. Next, Shigella sp. injects their virulence effectors into epithelial cells via its 

Type 3 secretion system to subvert the host cell structure and function establishing a 

replicative niche and causes erratic destruction of colonic epithelium. Then, Shigella sp. 

produces effectors to down- regulate inflammation and innate immune response. This 

eventually promotes infection and limits the adaptive immune response causing the host 

remain partially susceptible to re-infection. 

2.5.1 Shigella sp. in Water 

Contamination in water resources is also affected by the water-borne pathogen which 

included Shigella sp. (Pandey et al., 2014). More than 27% of cases were caused by 

Shigella sp. In addition, 10.99%, 10.08%, and 6.59% of the cases were caused by 

Cryptosporidium parvum, Adenovirus 3, and Leptospira, respectively. Nearly 23% and 

21 % of the outbreaks were caused by Gastrointestinal Illness (GI) and Shigella spp, 

respectively. In addition, 16.84%, 12.63%, and 7.37% of the outbreaks were caused by 

Naegleria fowleri, E.coli0157:H7, and Schistosoma spp., respectively (Craun et al., 2006 

and Pandey et al.. 2014). 
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