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ABSTRACT 
Pangasius catfish (Pangasianodon hypophthalmus) is popular among fish farmers of Bangladesh 

due to its hardy characteristics, fast growth, and its ability to survive in high densities. Many 

consumers love to buy this fish, especially as live condition, due to its low market price and 

delicious fleshy meat. Bacterial outgrowth in transport water is frequent consequence 

including some enteric groups like Salmonella spp. and E. coli. The study attempted to know 

the occurrence of Salmonella spp. and E. coli in water used during live transportation of 

Pangasius catfish in Bangladesh. Water samples were collected from three different Pangasius 

catfish transportation channels at 2 h interval on-board transportation vehicle. The collected 

waters were then plated onto SS and EMB agar plates and 15, 20, and 17 suspected isolates 

were obtained from channel 1, 2 and 3, respectively. The isolates were confirmed through PCR 

techniques; Salmonella spp. was found only in channel 1 while E. coli were found in all 3 

sampling channels under investigation. Among the suspected isolates, 13 isolates were 

positive for E. coli in channel 1, while 16 in both channel 2 and 3. Among the suspected 

isolates, 86.54% was E. coli positive, 1.92% was Salmonella positive, and 11.54% isolates were 

unidentified. The results indicated that the fishes were contaminated with Salmonella spp. and 

E. coli species either in the culture systems or during handling and live transportation. 

 

 

  

 

 

 

 

 

 

 

  INTRODUCTION 

Pangasius catfish (Pangaisianodon hypophthalmus; Sauvage, 1878) is a freshwater 

benthopelagic fish of the Pangasiidae family and has been recognized as a commercial 

aquaculture species in many Asian countries including Bangladesh. Currently, the 

species contributes 18.37% of total aquaculture production of Bangladesh [1]. As 

Pangasius catfish is popular to consumers due to its low market value [2], it is 

transported in live condition from production sites to markets in several areas of 

Bangladesh [3]. Live transportation of Pangasius catfish includes harvesting it from the 

culture system, holding it in a confined plastic tank with water and carrying it to the 

desired retail market. Live transportation results in significant degradation of water 

quality parameters [4, 5], thus it may cause deteriorative changes in the fishes. Bacteria 

grow in the transport water can even make the water quality worse for fish during live 

transportation. Previous reports showed that the viable bacterial counts of the transport 

water increased significantly with the periods of live transportation of Pangasius catfish 

[3] and climbing perch, Anabas testudineus [6] in Bangladesh. 

Bacteria of enteric origin (Enterobacteriaceae) are commonly disseminating from the 

gastrointestinal tract of humans and other animals  are reported as common in aquatic 

environments [7, 8], which may normally present in different parts of the apparently 

healthy fishes from contaminated waters. Among the Enterobacteriaceae species, 

Salmonella, Escherichia coli, and Yarsenia enterocolitica are not typically found in water or 

*Corresponding author  

Md. Nurul Haider, PhD 

Department of Fisheries 

Technology, Bangladesh 

Agricultural University, 

Mymensingh-2202, Bangladesh  

e-mail: raselmnh@bau.edu.bd   

   

Academic editor  

Md. Masudur Rahman, PhD 

Sylhet Agricultural University, 

Bangladesh 

 

Article info 

Received: 16 June 2022 

Accepted: 22 July 2022  

Published: 28 July 2022 

 

Keywords  

E. coli; Live transportation; 

Pangasius catfish; Salmonella spp.; 

Transport water. 

 

 

 

 

 

 

This is an Open Access article 

distributed under the terms of the 

Creative Commons Attribution 

Non-Commercial License, which 

permits unrestricted non-

commercial use, distribution, and 

reproduction in any medium, 

provided the original work is 

properly cited. 

 ORIGINAL ARTICLE 

 

 

 

 

 

 

 

 

 

ICLE 

J Adv Biotechnol Exp Ther. 2022 Sep; 5(3): 676-686 

eISSN: 2616-4760, https://doi.org/10.5455/jabet.2022.d146     

Published by www.bsmiab.org 

http://www.bsmiab.org/jabet
https://orcid.org/0000-0001-7911-6871
https://orcid.org/0000-0001-7275-2429
https://orcid.org/0000-0001-7656-7802
mailto:raselmnh@bau.edu.bd
https://doi.org/10.5455/jabet.2022.d146
http://www.bsmiab.org/


677 

 

www.bsmiab.org/jabet 

 

Bhuiyan et al., J Adv Biotechnol Exp Ther. 2022 Sep; 5(3): 676-686 

aquatic goods [9,10]. Salmonella was not first identified in fish and is not a biological 

contaminant. It enters food through polluted water or inappropriate handling [11], and 

both Salmonella and E. coli are regarded as public health hazards because they can cause 

food poisoning. The location, cultivated species, breeding procedures, processing, and 

cultural practices are the key elements that affect the risk of microbial contamination in 

aquaculture products. Some of these possible microbial risks could be brought on by 

subpar hygiene standards, sewage, and livestock drainage. Leaching, for instance, 

introduces environmental toxins into river waters, where they end up in the fish and 

have detrimental impacts on this ecosystem [12]. In addition, massive use of fertilizer in 

the fish culture system and rearing fish with other types of animals, such as poultry, 

cattle and pigs are also responsible for contaminating the fish with Salmonella spp.  [13-

15].  

The wide range of human diseases caused by Salmonella includes, enteric fever, 

bacteremia and gastroenteritis [16]. Salmonella is a second leading cause of foodborne 

illness worldwide [17]. The majority of human gastroenteritis by the Salmonella is 

caused through the ingestion of undercooked eggs, shellfish and fish [18]. Different 

studies have been reported that freshwater fishes are contaminated by Salmonella spp. 

from the area where they were reared [19]. Salmonella infections in freshwater fish are 

typically caused by faecal contamination of the water where the fish were caught [19]. 

High prevalence of Salmonella in catfish was reported [20]. The high temperature of the 

pond water, which enhances the organism’s growth rate, was accounted for the high 

prevalence rate [21]. The most prevalent coliform in the intestinal flora of warm-

blooded animals, however, is E. coli, which is assumed to be mostly related to faecal 

contamination [22]. As a result, the potential that fish could serve as carriers of human 

pathogenic bacteria is receiving more attention [23-25], as a wide range of bacteria 

including Salmonella spp. and E. coli have been isolated from skin, digestive tracts, 

kidney and muscle of different fish species of both temperate and tropical waters [26, 

27]. As common practice, underground water is used during live transportation of the 

fishes in Bangladesh [28] and Salmonella spp. was not identified in the skin and muscle 

of Pangasius catfish from several ponds in Bangladesh, while it was isolated from the 

same species after marketing. On the other hand, E. coli was found in the skin and 

muscle of Pangasius catfish before and after marketing [28]. Thus, it is not clear how the 

fishes are contaminated by these two pathogens of enteric origin. We also do not know 

whether the fishes are contaminated even during live transportation.  

Based on the above background, the objective of this investigation was to assess the 

presence of Salmonella spp. and E. coli in water used during live transportation of the 

Pangasius catfish in Bangladesh. Investigations were done in three supply channels of 

Pangasius catfish and water samples were evaluated at 2 h intervals from the loading of 

the fishes.  

 

MATERIALS AND METHODS 

Descriptions of the studied supply channels of the Pangasius catfish 

The study was conducted in three different Pangasius catfish supply channels of 

Bangladesh from July to December 2019. As Trishal Upazila of Mymensingh district is 

one of the major Pangasius catfish producing sites in Bangladesh, all the channels 

started from this Upazila. The supply channels were designated as “Channel 1” from 

Trishal, Mymensingh to Dhaka, “Channel 2” from Mymensingh to Faridpur, and 

“Channel 3” from Mymensingh to Sylhet (Figure 1). 
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Figure 1. Map showing the location of sample supply channels of live Pangasius catfish (Pangasianodon 

hypophthalmus) transportation in Bangladesh. Channel-1: Trishal, Mymensingh to Kawran Bazar, Dhaka; 

Channel-2: Trishal, Mymensingh to Faridpur; and Channel-3: Trishal, Mymensingh to Poschim Kazir Bazar, 

Sylhet. The map is extracted from DIVA-GIS using Geographical Information System (GIS) and visualized by 

ArcMap version 10.7. 

 

Harvesting and preparation before live transportation 

Pangasius catfish were harvested with the surrounding net and prepared for 

transportation at dusk. A very brief conditioning period was allowed prior to 

transportation. In most cases, transportation started at night and reached to the final 

destination/ unloading points (retail markets) at dawn. Around 40 kg fishes (20-22 

fishes) were loaded in plastic made transportation tank having a capacity of 1000 liters. 

But the tanks were filled half with 500 liters of deep tube-well water. Approximately 40-

42 transportation tanks were incorporated in a commercial vehicle (Truck). Exchange of 

water of transportation tank with the deep tube-well water once after 2-3 hours during 

live transportation of Pangasius catfish was commonly practiced in all the supply 

channels during transportation. At the retail market, Pangasius catfish were collected 

from the transportation tank and live fishes were separated from the dead ones. 

 

Isolation of Salmonella spp. and E. coli 

The isolation and identification of Salmonella spp. and E. coli was carried out based on 

culture on SS and EMB agar plates with slight modifications as described [29]. Plates 

with SS agar and EMB agar (HIMEDIA, India) were prepared and used for the isolation 

of enteric bacteria from water used during live transportation of Pangasius catfish. 

Water samples were collected from the Pangasius catfish transportation tank with 

previously sterilized plastic bottle from the start of transportation (loading) to the end 
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(unloading) at every 2 h interval. After collection, water samples were spread on 

previously prepared SS and EMB agar plates immediately. The plates were brought to 

the Laboratory of Fisheries Microbiology, Department of Fisheries Technology, 

Bangladesh Agricultural University, Mymensingh, Bangladesh and incubated at 37℃ 

for 24 h. After incubation, colourless or translucent, black, pink-coloured colonies were 

observed on SS agar. Suspected colonies on EMB agar had black or dark centre with or 

without green metallic sheen. The resulted colonies from SS and EMB agar plates were 

subjected to subcultures again on SS and EMB agar plates in order to obtain isolated 

colonies for pure culture. The resulted isolated colonies were kept on previously 

prepared agar slant of plate count agar (HIMEDIA, India) for further analysis. The 

preserved colonies were then streaked on SS agar plate from the agar slant and the 

plates were incubated at 37℃ for 24 h. After incubation, the resulted colonies were used 

for identification of Salmonella spp. and E. coli. 

 

Identification of Salmonella spp. and E. coli 

Previously obtained isolates were incubated in nutrient broth for 24 h at 37℃ in order 

to increase the number of bacteria to extract DNA. For this purpose, a pure colony was 

transferred in a test tube containing 10 ml of previously prepared nutrient agar broth. 

The broth was then incubated at 37℃ for 24 h. After incubation, turbidity of the nutrient 

broth ensured the growth of bacteria. Then 1 ml of nutrient broth was taken in a 

sterilized eppendorf and centrifuged at 5,000 rpm for 3 min. The settlings on the 

eppendorf were mixed with 100 μl distilled water and again centrifuged at 5,000 rpm 

for 3 min. After that, the settlings were mixed with 100 μl distilled water and 

homogenized and subjected to boiling for 10 min followed by keeping in ice for cold 

shock. Again, centrifugation was done at 10,000 rpm for 10 min. Finally, the 

supernatant was collected and used as DNA template for PCR. 

 

PCR amplification of extracted bacterial DNA 

Two sets of pre-tested primers were used for identification of Salmonella spp. and E. coli 

(Table 1). For Salmonella spp., invA gene was targeted, and used forward primer, InvA F 

(ATCAGTACCAGTCGTCTTATCTTGAT) and reverse primer, InvA R 

(TCTGTTTACCGGGCATACCAT) for amplification [27]. While 16S rRNA gene was 

partially amplified using EC-1 (GACCTCGGTTTAGTTCACAGA) as forward primer 

and EC-2 (CACAGCTGACGCTGACCA) as reverse primer [30]. For PCR amplification, 

12.5 μl of master mix, 8.5 μl of nuclease free DEPC treated dH2O, 1 μl forward primer, 1 

μl reverse primer and 2 μl of extracted bacterial genomic DNA were taken into the PCR 

tubes. The tubes were placed into the thermal cycler (2720 Thermal Cycler, Applied 

Biosystems, Waltham, USA) immediately after adding the master mix with the DNA, 

and the cyclic program was resumed after the program was over. PCR products were 

visualization by agarose gel-electrophoresis. 

 

Agarose gel electrophoresis of PCR product 

For electrophoresis, 1.5% agarose (Sigma-Aldrich, USA) gel was used for 

electrophoresis of the PCR products. Gel casting tray was assembled with gel comb of 

appropriate teeth size and number. 1.5% agarose solution was prepared in TAE buffer 

by melting in a microwave oven. Melted agarose was poured onto the casting tray and 

allowed to solidify on the bench. The hardened gel in its tray was transferred to the 
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electrophoresis tank containing sufficient TAE buffer to cover the gel. The comb was 

gently removed. Then, 5 μl of each PCR product was mixed with 1 μl loading buffer 

and the sample was loaded to the appropriate well of the gel. In addition, 5 μl DNA 

size marker was loaded in one well. The leads of the electrophoresis apparatus were 

connected to the power supply and the electrophoresis was run at 100V. When DNA 

migrated sufficiently as judged from the migration of bromophenicol blue of loading 

buffer, the power supply was disconnected. The gel was stained in ethidium bromide 

(0.5 μg/ml) for 10 min in a dark place. Then the gel was de-stained in distilled water for 

10 min. De-stained gel was then placed on the UV transilluminator (Biometra, Germany) 

in the dark chamber of the image documentation system. The UV light of the system 

was switched on and the image was viewed on the monitor, focused, acquired, and 

saved in an USB flash drive. 

 

RESULTS 

Isolation of Salmonella spp. and E. coli 

In order to detect Salmonella spp. and E. coli, water used in live transportation of 

Pangasius catfish was collected from three marketing channels. The collected water 

samples were then inoculated onto SS and EMB agar plates and well-separated colonies 

were obtained, regarded as isolates. A total of 52 isolates were collected depending on 

the characteristics of the colony on SS and EMB agar plates.  

 

Identification of Salmonella spp. and E. coli 

The DNA of all the isolates were extracted and subjected to PCR according to the 

protocol described in the methodology section. Predefined invA genes of Salmonella spp. 

and parts of 16S rRNA genes of E. coli were targeted using two different sets of primers 

namely, InvA (211 bp) and ECO (585 bp) for Salmonella spp. and E. coli, respectively 

(Table 1). Salmonella spp. positive was confirmed considering 211 bp bands on gel after 

electrophoresis. For E. coli, bands of 585 bp on gel were considered positive (Figure 2 

and 3).  

Table 1. PCR protocol used for the confirmation of Salmonella spp. and E. coli. 
Target bacterial 

species  

Target gene Sequence of primer Temperature profile Amplicon 

size (bp) 

Ref.  

Salmonella spp. invA F: ATCAGTACCAGTCGTCTTATCTTGAT 

R: TCTGTTTACCGGGCATACCAT 

Initial denaturation at 95℃ for 5 mins, 

Denaturation at 94℃ for 30 sec, 

Annealing at 52℃ for 2 mins, 

Extension at 72℃ for 45 sec, 

Final extension at 72℃ for 5 mins, 

Holding at 4℃, 

No. of cycles = 29. 

211 [27] 

Escherichia coli EC 16S rRNA F: GACCTCGGTTTAGTTCACAGA  

R: CACACGCTGACGCTGACCA 

Initial denaturation at 95℃ for 7 min, 

Denaturation at 94℃ for 1 min, 

Annealing at 55℃ for 1 min, 

Extension at 72℃ for 1 min, 

Final extension at 72℃ for 7 min, 

Holding at 4℃, 

No. of cycles = 35. 

585 [6] 

The isolates were obtained from water used during live transportation of Pangasius catfish (Pangasianodon hypophthalmus) in Bangladesh from 3 different supply channels. Forward 

primer: F, and reverse primer: R. 
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Figure 2. Percentage of Salmonella spp. and E. coli positive. The isolates were obtained from water used 

during live transportation of Pangasius catfish (Pangasianodon hypophthalmus) in Bangladesh. The arrow 

showing the amplicon size (211 bp), lane L = 100 bp DNA ladder, lane P = positive control, lane N = negative 

control, and Lane 1 = positive results (only one isolate was found positive among 52). 

 

 

Figure 3. Results of agarose gel electrophoresis of 16S rRNA gene for E. coli confirmation. The isolates were 

obtained from water used during live transportation of Pangasius catfish (Pangasianodon hypophthalmus) in 

Bangladesh. The arrow showing the amplicon size (585 bp), lane L = 100 bp DNA ladder, lane P = positive 

control, and Lane 1-52 = isolates tested for E. coli (45 isolates were found positive among 52). 

 

Incidence of Salmonella spp. and E. coli in water used during live transportation of 

Pangasius catfish 

Out of 15 isolates from sampling Channel 1, only 1 isolate (6.67%) was positive for 

Salmonella spp., while 13 isolates (86.66%) were positive for E. coli and 1 isolate (6.67%) 

remained unidentified. In Channel 2, 16 E. coli positive isolates were identified which 

accounts for 80% of the total collected isolates and 4 isolates (20%) remained 

unidentified. In sampling Channel 3 from 17 isolates, 16 isolates (94.12%) were 

identified as positive for E. coli and 1 isolate (5.88%) remained unidentified. On the 

other hand, 45 isolates (86.54%) were identified as positive for E. coli and the remaining 
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6 isolates (11.54%) were not confirmed as Salmonella spp. or E. coli, gave no band on 

electrophoresis (Table 2, and Figure 4). Although, E. coli positive isolates were found in 

all the three sampling channels, only one Salmonella spp. positive isolate was confirmed 

obtained from the sampling Channel 1 (Table 2 and Figure 5). 

Table 2. Positive isolates for Salmonella spp. and E. coli.  
Supply 

channel 

No. of isolates 

obtained 

Salmonella spp. 

positive isolates  

(%) 

E. coli positive 

isolates  

(%) 

Unidentified 

isolates  

(%) 

Total number 

of isolates 

obtained 

Total positive for 

Salmonella spp. 

(%) 

Total positive 

for E. coli  

(%) 

Total 

unidentified 

(%) 

1 15 1 (6.67) 13 (86.66) 1 (6.66) 

52 1 (1.92) 45 (86.54) 6 (11.54) 2 20 0 (0.00) 16 (80.00) 4 (20.00) 

3 17 0 (0.00) 16 (94.12) 1 (5.88) 

Number of isolates obtained from water used during live transportation of Pangasius catfish (Pangasianodon hypophthalmus) in Bangladesh. The water samples were collected from 3 

different supply channels. 

 

 

Figure 4. Number of Salmonella spp., and E. coli positive isolates considering the total number of isolates 

obtained from water used during live transportation of Pangasius catfish (Pangasianodon hypophthalmus) in 

Bangladesh. The water samples were collected from 3 different supply channels. 

 

 

Figure 5. Percentage of Salmonella spp. and E. coli positive isolates obtained from water used during live 

transportation of Pangasius catfish (Pangasianodon hypophthalmus) in Bangladesh. The water samples were 

collected from 3 different supply channels. 
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DISCUSSION 

A previous study showed the presence of both Salmonella spp. and E. coli in Pangasius 

catfish collected from several retail markets regardless of their presence or absence in 

the same specimen before marketing. So, the experiment was designed to identifying 

the presence of Salmonella spp. and E. coli in water which was used in live 

transportation of Pangasius catfish from farms to retail markets. In order to achieve the 

objectives of the study, water samples were collected from the plastic barrels where 

Pangasius catfish were kept alive during transportation from farm to the retail markets 

at every 2 h interval from 3 different Pangasius catfish marketing channels of 

Bangladesh. We assumed that these two pathogens would be detected from the water 

subsamples collected from the barrels used in live transportation. The detection of 

Salmonella spp. and E. coli from the water used in live transportation of Pangasius 

catfish is of great concern due to its potential to cause enteric disease [31]. The water 

samples were taken aseptically from the plastic barrels where Pangasius catfish were 

carried during transportation. After collection, water samples were then placed on SS 

and EMB agar plates at the start of transportation to the end at 2 h interval. Upon 

completion of sampling, plates were brought to the laboratory and incubated at 37℃ for 

24 h. After growth of microorganisms on SS and EMB agar plates, suspected Salmonella 

spp. and E. coli colonies were isolated according to a protocol with slight modifications 

as described [29]. The collected isolates of Salmonella spp. and E. coli from subsamples 

water were identified through PCR using two primers which are very fast, unique and 

sensitive in identifying the target gene by PCR technique [32]. 

Highest incidence of E. coli was found in sampling Channel 3 and the lowest was in 

sampling Channel 2. Incidence of Salmonella spp. was seen only in the sampling 

Channel 1. Among the collected isolates regardless of the sampling channels, 86.54% 

were identified as positive for E. coli whereas only 1.92% Salmonella spp. positive 

isolates were identified. On the other hand, 11.54% isolates remained unidentified. In 

comparison to Salmonella spp., percentages of E. coli positive isolates were always 

higher in the studied channels. Fish act as carrier of microorganisms as it is 

continuously exposed to the microorganisms in aquatic environment and the 

microorganism in fish reflects the conditions of the environment. At the time of 

harvesting, a wide variety of microorganisms contain in the body of fresh fish which 

are known as the microflora of that fish [33]. Fish or processed fish may be 

contaminated with different types of bacteria, such as Salmonella, coliform, faecal 

coliform, Streptococcus, Staphylococcus aureus and these are responsible for different 

types of foodborne disease [34]. In our experiment, Salmonella spp. was found only in 

sampling Channel 1, while E. coli was identified from all the sampling channels. 

Identification of these enteric bacteria indicated that the water was polluted with faecal 

matters. Bird droppings, human faeces and other animal faeces falling into aquatic 

environment are contaminated with enteric bacteria. Deep tube well water was used 

during live transportation of Pangasius catfish. In addition, stated that ground water 

was free from any sorts of coliform organisms, and they isolated E. coli from the pond 

sediments and stated the sources as pigeon [35]. Moreover, a study found E. coli in all 

the tube well water samples in their study while Salmonella spp. was absent in all tube 

well water samples [26]. On the other hand, low concentration of faecal coliform 

bacteria in tube well water of Bangladesh [36]. Groundwater can also be contaminated 

by a wide range of pathogens [15, 37-38] and found Salmonella spp., and E. coli in 

ground water sample. Identified enteric bacteria would be the reflection of the ponds 

from where the Pangasius catfish were harvested. The presence of enteric bacteria in 

water, sediment and fish reflects the water used in transportation are transmitted by 

fish. Moreover, Unhygienic handling of Pangasius catfish during transportation may 
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contaminate the fish with Salmonella spp. and E. coli. [28]. It also stated that rough 

handling and lack of proper sanitation during transportation causes Pangasius and 

other fishes more contaminated collected from retail market compared to pond samples 

of the same species. 

 

CONCLUSIONS 

Bacterial hazards are closely related to food safety. The prevalence of Salmonella spp. 

was lower in Pangasius catfish transportation water in comparison to E. coli.  The 

presence of Salmonella spp., and E. coli in water used during live transportation of 

Pangasius catfish indicated that the fishes were harvested from water which was 

polluted with faeces. Water used in the transportation would be another source of 

enteric bacteria. Personnel involved in handling of fish during live transportation 

would be a potential source of enteric bacteria. These enteric microorganisms could 

cause foodborne illness among the consumers which ultimately affects the profit 

margin of farmers. So, it is necessary to maintain proper sanitation and handling 

during live transportation of Pangasius catfish to ensure food safety. 
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