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Abstract:Edwardsiella tarda is one of zoonotic bacteria being able to colonize and infect across
biological organisms. The species is regarded as important pathogenic bacteria in the field of
aquaculture which is needed to be monitored and prevented for disease incidence. Recent
investigation in Central Tapanuli as aquaculture site for catfish (Clarias gariepnius) revealed that
there was a high incidence (25-30%) of detected E. tarda based on culture-based method following
the methodology of Indonesian National Standard. The study sites namely Site I, II, 111, and 1V showed
a differences in proportion of E. tarda while mud pond showed a higher incidence than tarp pond.
Infected C. gariepinus showed a morphological sign of lesions on body surface indicating the
infection of E. tarda. Based on target organ infection, the highest detection (%) was obtained from
kidney followed with muscle, lymph, and liver with the percentage of 47.62, 44.76, 5.71, and 1.90%,
respectively. Confirmation of E. tarda was further performed by testing co-agglutination method on
catfish samples. By comparing the proportion of detection with serological test, there was no
significant differences between culture-based technique and immunological test (P>0.05).
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I.  Introduction

Indonesian aquaculture relies heavily on extensive and semi-intensive fishpond through integrated or
non-integrated (conventional) concepts (FAO, 2005). Catfish (Clarias gariepinus) is an important species as a
freshwater commodity in Indonesia. Its production is raised annually. However, disease occurring within
aquaculture of this species may hinder the fulfill of mass production target leading to low selling price and low
fish consumption by the community (Tran et al., 2017). Indonesian Ministry of Fisheries has a target to increase
catfish production by 35% in the consecutive year, starting from 670,000 tons in 2013 by applying improvement
in production, marketing and disease management (DJPB KKP, 2013). Multifactor interaction or abiotic-biotic
relationship in aquaculture environment may trigger disease incidences in freshwater fishpond (Matthew et al.,
2014). Among significant micoorganisms, pathogenic bacteria are regarded as primary infectious agents in
aquafarming practices which cause serious decline in global fish production (Camus et al., 1998; Mohanty and
Sahoo, 2007).

Edwardsiella spp. is a group of important pathogenic bacteria in aquaculture from freshwater to saline
with interspecific infection (Subasinghe, 2005). The infected fishes may produce clinical signs such as abnormal
swimming behavior, physiological disorders (hematological) and organ disruption regarding the disease severity
and infection level (Buller, 2014). There are currently four species E. tarda, E. hoshinae, E. piscicida, and E.
ictaluri (Park et al., 2012; Reichley and Ware, 2015). Biochemical characteristics of these species are facultative
anaerobic organisms, gram negative, negative oxidase, positive catalase, and poor carbohydrate utilizers (Wang
etal., 2011).

Edwardsiella tarda is categorized as one of zoonotic pathogenic bacterial species which is able to
infect humans (Gormaz et al., 2014). Edwardsiella tarda is an elusive opportunistic pathogen with wide
ecological niche and broad host specificity starting from fishes, reptiles and humans (Alcaide et al., 2006; Waoo
and Bruno, 2011). In monitoring practice, there is an urge to survey for any possibilities in disease outbreak or
epidemic caused by E. tarda, especially for a country with significant production of freshwater commodities.

Detection and epidemiological studies on E. tarda infection in various fish species has been
documented in Indonesia. Pangasius pangasius or catfish was reported to be infected by E. tarda with target
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organs of colonization in cloacal, abdominal, and intestinal region by immunochemistry technique (Andriyanto
et al., 2009). Four Indonesian strains of E. tarda were detected from tilapia which possessed similar genetic
characteristics with human pathogenic strain (Narwiyani and Kurniasih, 2011). In addition, E. tarda heavily
infected lele dumbo or C. gariepinus in Palembang, city of South Sumatra (Yuliantoro et al., 2017). According
to previous informations, infection prevalence of E. tarda from other fish species may also be documented
through field observations and laboratory investigations.

Aquaculture practices in North Sumatra still apply conventional management run by local
communities. Disease transmission is theoretically frequent in conventional fishpond, supported by unstable
environmental condition which later become stressors to fish commodity. Stresses play a significant role in
opportunistic bacterial infection, in specific to E. tarda (Waoo and Bruno, 2011). There is a possible finding on
high prevalence of E. tarda infection, one of which occurring in Central Tapanuli, known as a massive fishpond
region adjacent to freshwater region of Lake Toba. Surveys are then conducted to detect any presence of E.
tarda in study region through conventional and serological test.

Il. Material And Methods

Study site and sampling methods

Central Tapanuli is a regency in North Sumatra, known for its conventional aquaculture practice of
catfish (Clarias gariepinus) along with other common fish commaodities in four sites, assigned as Site I, 11, 111,
and IV as representative study sites. Fishponds are managed by local communities, characterized with two types
of substrates, i.e mud and tarp pond.A cross-sectional study was started by exploring equal number of fishponds
managed in different sites within each site. Sampling size was calculated based on Naing et al (2006) with 50%
possibility of infected catfishes in which resulted into 387 samples, fulfilled into 400 individu and with
confidence interval of 95%. For each sites, 100 individu of catfishes were randomly caught from each 50 mud
and 50 tarp ponds origin. Catfishes were preserved in cold condition prior laboratory investigation. Fish samples
were slaughtered by pithing (Medgela et al., 2006), while organ dissection was performed to observe any
clinical signs of Edwardsiellosis from kidneys, livers, muscles and lymphs. All dissected organs were preserved
in 4°C in Nutrient broth (NB) medium prior isolation.

Isolation of Edwardsiella tarda

Isolation technique in recovering E. tarda from organ samples was based on Standard Nasional
Indonesia (SNI 7663:2011, ICS 65.150). Briefly, Clarias gariepinus was visually observed for any clinical signs
of Edwardsiellosis. Target organs were crushed using pistilles and aseptically streaked by using loop into sterile
Tryptone Soy Agar (TSA) and Brain Heart Infusion Agar (BHIA). Plates were incubated at 26°C for 24-48 hr.
Single colony of E. tarda was tested for its morphological, biochemical and gram staining characteristics.
Confirmation of presumptive colony of E. tarda by transferring a loopful of colony into Edwardsiella ichtaluri
Medium (EIM). The presence of green colony with dark center indicate a positive result of E. tarda occurrence
in samples.

Serological test of Edwardsiella tarda isolates

The serological test to confirm the presence of E. tarda was based on co-agglutination test by
Yoshimizu and Kimura (1985). Target organs were homogenized with physiological saline solution (1:1, wiv)
and heated in 100°C for 30 min. The homogenates were centrifuged at 4000 rpm for 20 min. Supernatants were
collected and spotted on object glass. The co-agglutination kit was spotted on top of supernatants. Positive
control used the antigen of E. tarda ATCC 15947 while negative control used E. ictaluri type strain NCIMB
13272.

Data analysis

Numerical data obtained in this study were analyzed descriptively and displayed in proportion and
percentage (%). Chi-square test of independence was performed using Minitab ver. 16.0 in comparing
occurrence of E. tarda in respective to fishpond types, and target organs. A confidence interval of 95% was used
to interpret statistical association and significance was considered when P-value <0.05. Secondary data or
environmental parameters i.e temperature (T), pH, and dissolved oxygen (DO) were also documented as
supporting data (Table 1).
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Table 1. Physicochemical characteristics of water quality among different sites and substrate types in Central
Tapanuli regency

Site
No Parameter Site | Site 1 Site 11 Site IV

Mud Tarp Mud Tarp Mud Tarp Mud Tarp
1 T (°C) 26.0 26.6 26.9 26.9 25.3 27.1 26.6 26.5
2 pH 6.2 6.6 5.8 6.7 6.0 6.5 6.2 6.7
3 DO (mg/L) 4.1 4.8 3.9 4.8 4.3 4.6 4.0 5.0

I11. Results and Discussion
Total of 400 catfish samples were surveyed in Central Tapanuli regency revealing a slight differences
in detected proportion of E. tarda (Figure 1). The higher proportion of E. tarda was observed from site 1l with
the percentage of 30%, followed by site Il, 1V, and | with the percentage of 25, 24, and 24%, respectively.
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Figure 1. Proportion (%) of E. tarda in catfish (C. gariepinus) in respective to different sites in Central Tapanuli
regency, North Sumatra, Indonesia

The high percentage of E. tarda presence in site 111 may be due to unstable or fluctuative environmental
condition in aquaculture site, such as higher water temperature, poor water quality, and high organic content in
fishpond (Park et al., 2012). However, our data on environmental condition did not imply any significant value
to the transmission of E. tarda regarding its survivability in fishpond (Table 1). Therefore, the differences in
infection prevalence may also depend on dimension of fishpond and catfish population in aquaculture pond.
According to previous survey in Bihar and West Bengal, India, it revealed a percentage of 14.41% of E. tarda
infection among 118 commercial fishes, with higher prevalence in semi-natural pond than in fishpond (Kumar et
al., 2016). Infection prevalence of E. tarda was also documented from natural habitat in C. gariepinus by
reaching the percentage of 23.52% from Lake Hawassa, Ethiopia (Nemo et al., 2017).

Our finding on high proporiton of E. tarda in fish commodity should be considered as serious threat for
any future possible bacteremia or Edwardsiellosis. However, clinical case or any reported disease severity
caused by this pathogen may be regarded as rare case in human with health importance (Hirai et al., 2015).
Hence, this pathogen is also reported to colonize the human intestinal tract with the percentage of 80%
population in fecal samples (Janada dan Sharon, 1993). Based on fishpond types, infection prevalence of E.
tarda in all sites showed a higher percentage in mud pond with the range of 24 to 28%. In other case, the
prevalence was higher in tarp pond at site 111 with the percentage of 32% (Figure 2).
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Figure 2. Proportion (%) of E. tarda presence in different sites based on fishpond type (N = 50 individu/pond)

The niche flexibility of E. tarda thoroughly support its growth and persistence across host specificity
and different habitats. Previous study reported that 75% of pond water was detected being colonized by E. tarda
while 64% among other bacterial species was also recovered from mud as the substrate type for aquaculture site
of catfish in Texas, USA (Wyatt et al., 1979). The ecological study of E. tarda distribution in Fukuyama region,
reported that 86% of E. tarda population was recovered from pond water, 44% from sediment or mud, while
14% from the fish commodities (Rashid et al., 1994). Our results may show that the pond water used four
different sites, may be heavily polluted by E. tarda whichindicate poor water resources for catfish aquaculture in
Central Tapanuli regency.

Based on target organ colonization, we obtained two heavily-colonized organs in C. gariepinus which
were kidneys and muscles with the percentage of 47.62 and 44.76%, followed by lymphs with 5.71% and livers
with 1.90% (Figure 3). However, no significant differences was observed from two pond types in organ
colonization although the tarp pond revealed a higher percentage than mud in all organs (P>0.05) (Figure 4,
Table 2).
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Figure 3. Proportion (%) of E. tarda presence in different target organ for colonization in C. gariepinus
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Table 2. Chi-square (%) analysis of differences in E. tarda presence between pond type

Total Mud Tarp
N = 105 n=53 n=52
N % N % n % 7 P-value
Liver 2.00 1.90 2.00 3.77 0.00 0.00
Kidney ~ 50.00 4762 25.00 4717 25.00 48.08
Lymph 6.00 5.71 3.00 5.66 3.00 5.77 2.012 0.571
Muscle  47.00 44.76 23.00 43.40 24.00 46.15

Kidney was the massively colonized organ by E. tarda in C. gariepinus in this study. The high
incidence may be due to high organic content or pollutant and poor water quality in pond water which increase
the physiological activity of kidney higher than usual. Nemo et al (2017) argued that the presence of E. tarda
and other strains in kidney and liver of aquatic organisms may be result of accumulative damages with
subclinical signs supported by poor environmental condition exposed in aquaculture which later suppress the
immunity of aquatic organisms. However, many clinical signs may be imposed from different host as evidenced

from previous reports.
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Figure 4. Proportion (%) of E. tarda presence in different organs based on fishpond type (N = 105 ind.)

Lesions

Figure 5. Presence of lesions on the surface of the skin of C. gariepinus from Central Tapanuli regency

Majority of E. tarda infections in catfish (Pangasius pangasius) originating from kidney organs
showed pathophysiological features in the form of loss of skin pigmentation due to lesions, abdominal swelling,
hemorrhage in the fins, and necrosis in the fin area (Murwantoko et al., 2019). In addition, previous studies of
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African C. gariepinus in Lake Hawassa, Ethiopia showed that the percentage of E. tarda colonization in
succession to kidney, liver and intestine organs was 0.9, 1.9, and 5%, respectively. Based on comparison of the
results of previous studies, it shows that E. tarda colonization of target organ of aquatic biota may differ
between natural and artificial habitats.

Liver was detected as the target organ with the minimum percentage of colonization by E. tarda in
catfish in this study. Edwardsiella tarda was able to infect the liver of C. gariepinus by showing
pathophysiological features in the form of swelling of the liver and pale hepatic (liver) (Arimbi et al., 2017). The
most common feature for infected catfish in Central Tapanuli regency is only lesions on the surface of the skin
(Figure 5). Meanwhile, the pathophysiological characteristics of each catfish's internal organs cannot be
observed as a sign of E. tarda infection.

Confirmation of E. tarda presences in our samples were tested by biochemical or co-agglutination kit.
The presence of granular or clumping suspension in samples indicate a positive result of test based on visual
inspection by the complex reaction between the agglutinin kit and dissolved E. tarda antigens in samples
(Figure 6). There is no significant differences (P>0.05) between culture-based and serological method in
confirming E. tarda isolates from C. gariepinus in Central Tapanuli. Here, we may conclude that isolation-based
identification of E. tarda or the conventional method following the Indonesian national standard (SNI) is still
reliable in producing good results of detection. However, specificity of detection may be further improved
through the molecular detection for differentiating E. tarda out of E. tarda —like bacteria.

—

iy

Figure 6. Detection of E. tarda using the serological co-agglutination method. The presence of granular
suspension in sample indicate a positive result (+) or the presence of E. tarda in sample

Table 3. Chi-square (,°) analysis of differences in E. tarda presence between detection test

Mud
Conventional Serology
n=>53 n=>50
n % n % Ve P
Liver 2.00 3.77 2.00 4.00
Kidney 25.00 47.17 23.00 46.00
Lymph 3.00 5.66 2.00 4.00 0.196 0.978
Muscle 23.00 43.40 23.00 46.00
Tarp
Conventional Serology
n=>52 n=>51
n % n % pa P
Liver 0.00 0.00 0.00 0.00
Kidney 25.00 48.08 26.00 50.98
Lymph 3.00 5.77 3.00 5.88 0.097 0.953
Muscle 24.00 46.15 22.00 43.14

IV. Conclusion

Edwardsiella tarda is detected in the proportion of 25-30% of total catfish (Clarias gariepinus)
sampled from Central Tapanuli, North Sumatra, Indonesia. Based on fishpond types, the incidence is detected
higher in mud pond than tarp pond. The highest percentage of colonized target organ in catfish is kidney
(47.62%), followed with muscle (44.76%), lymph (5.71%), and liver (1.90%). The clinical sign of majority
infection by E. tarda is shown by the presence of lesions on the catfish body. The detection based on serological
test by testing similar samples shows that there is no difference between culture-based or conventional detection
and immunological detection (P>0.05).

DOI: 10.9790/2380-1301020613 www.iosrjournals.org 11| Page



Detection of Edwardsiella tarda Infection of Catfish (Clarias gariepinus) in Central Tapanuli ..

Acknowledgement
This study was supported by Badan Karantina Ikan, Pengendalian Mutu dan Keamanan Hasil

Perikanan (BKIPM) — Stasiun Karantina lkan Kelas Il Belawan, Medan through their official permit and
allowance to work in the laboratory.

[11.

[2].
31

[4].
[5].
[6].
7.
8].
[9].

[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].

[18].
[19].

[20].
[21].
[22].
[23].
[24].
[25].
[26].
[271.
[28].
[29].
[30].

[31].

References
Arimbi, A., Hastutiek, P., Meidiza, R. Gambaran patologi hepar ikan lele dumbo (Clarias gariepinus) yang diinfeksi bakteri
Edwardsiella tarda. Jurnal limiah Perikanan dan Kelautan 9 (1): 47-56.
Ashley, P. J., 2007. Fish welfare: Current issues in aquaculture. Applied Animal Behaviour Science 104 (3): 199-235.
Buller, N. B., 2014. Bacteria from Fish and Other Aquatic Animals. Second Edition: A Practical Identification Manual, CABI
publishing. Oxford. 720 pp.
Camus, A. C., Durborow, R. M., Hemstreet, W. G., Thune, R. L., Hawke, J. P., 1998. Aeromonas bacterial infections - motile
Aeromonad septicemia. Southern Regional Aquaculture Center 478: 1-4.
Cunningham, F. L., Jack, S. W., Hardin, D., Wills, R. W., 2012. Pond-level Risk Factors associated with Columnaris Disease on
Muississippi commercial catfish Farms. Journal of Aquatic Animal Health 24 (3): 178-84.
[DJPB KKP] Direktorat Jenderal Perikanan Budidaya Kementerian Kelautan dan Perikanan. 2013. Statistik menakar target ikan air
tawar tahun 2013. Info Media KKP. http://www.djpb.kkp.go.id/berita.php?id=847
FAQ, 2005. Aquaculture production, 2003. Year book of Fishery Statistics — VVol.96/2. Food and Agriculture organization of the
United Nations, Rome. 207 pp.
FAQ, 2016. The State of World Fisheries and Aquaculture 2016. Contributing to Food Security and Nutrition for All. Rome. 200
pp.
Gormaz, J. G., 2014. Public health perspectives on aquaculture. Current environmental health reports 1: 227-238.
Hemraj, V., Diksha, S., Avneet, G., 2013. A Review on Commonly used Biochemical test for Bacteria. Innovare Journal of Life
Science 1 (1): 1-7.
Hirai, Y., Tago, S. A., Ainoda, Y., Fujita, T., Kikuchi, K. Edwardsiella tarda bacteremia. A rare but fatal water- and foodborne
infection: Review of the literature and clinical cases from a single centre. Can J Infect Dis Med Microbiol. 26 (6): 313-318.
Hirono, 1., 2013. A random genome analysis of Edwardsiella tarda ETSJ54 : annotation of putative virulence- related genes.
Colombia 17 (1): 69-83.
Hrubec, T. C., Cardinale, J. L., Smith, S. A., 2000. Hematology and plasma chemistry reference intervals for cultured Tilapia
(Oreochromis Hybrid). Veterinary Clinical Pathology 29 (1): 7-12.
Ibrahim, M. D., Shaheed, 1. B., El-Yazeed, H. A., Korani, H., 2011. Assessment of the susceptibility of polyculture reared African
catfish and Nile tilapia to Edwardsiella tarda. Journal of American Science 7 (3): 779-786.
Iregui, C. A., Guarin, M., Tibata V. M., Ferguson, H. W., 2012. Novel brain lesions caused by Edwardsiella tarda in a Red tilapia
(Oreochromis spp.). Journal of Veterinary Diagnostic Investigation 24 (2): 446-449.
Janada, J. M., Sharon, L. A., 1993. Infections associated with the genus Edwardsiella: The role of Edwardsiella tarda in human
diseases. Clin. Infect. Dis. 17: 742-748.
Jiang, M., Chen, Z. G., Zheng, J., Peng, B. 2019. Metabolites-enabled survival of crucian carps infected by Edwardsiella tarda in
high water temperature. Front Immunol 10: 1991.
KEPMEN KP RI. 2010. Keputusan Menteri Kelautan dan Perikanan Republik Indonesia No. 03. Tahun 2010.
Kumar, P., Adikesavalu, H., Abraham, T. J., 2016. Prevalence of Edwardsiella tarda in commercially important finfish and
shellfish of Bihar and West Bengal, India. Journal of Coastal Life Medicine 4 (1): 30-35.
Lan, J. X., Zhang, H., Wang, Y., Chen, J., Han, Y., 2008. Isolation of an unusual strain of Edwardsiella tarda from Turbot and
establish a PCR detection technique with the gyrB gene. Journal of Applied Microbiology 105 (3): 644—651.
Li, K., Petersen, G., Barco, L., Hvidtfeldt, K., Liu, L., Dalsgaard, A., 2017. Salmonella weltevreden in integrated and non-integrated
Tilapia aquaculture systems in Guangdong, China. Food Microbiology 65: 19-24.
Mathew, C., Mdegela, R. H., Mwamengele, G. L., Kassuku, A. A., 2014. Prevalence and Mean Intensity of Ectoparasite Infections
in Pond reared Nile Tilapia (Oreochromis niloticus) in Morogoro, Tanzania. Tanzania Veterinary Journal 29 (1): 63-71.
Mdegela, R., Myburgh, J., Correia, D., Braathen, M., Ejobi, F., Botha, C., Sandvik, M. Skaare J. U., 2006. Evaluation of the gill
filament-based EROD assay in African sharp tooth catfish (Clarias gariepinus) as a monitoring tool for waterborne PAH-type
contaminants. Ecotoxicology 15: 51-59.
Mohanty, B. R. and Sahoo, P. K., 2007. Edwardsiellosis in Fish: A brief review. Journal of Biosciences 32: 1-14.
Murwantoko, M., Diniarti, E., Triyanto, T. 2019. Isolation, characterization, and pathogenicity of Edwardsiella tarda, a causative
disease on freshwater fish in Yogyakarta. Jurnal Perikanan 21 (1): 1-5.
Naing, L., Winn, T., Rusli, B. N., 2006. Practical Issues in calculating the sample size for prevalence studies. Archives of Orofacial
Sciences 1: 9- 14.
Narwiyani, S., Kurniasih, 2011. Phylogenetic tree dari empat isolat Edwardsiella tarda di Indonesia Biota 16 (2): 348-353.
Nemo, N., Sisay, T., Abayneh, T., 2017. Isolation of Edwardsiella tarda-like species and its frequency of occurrence in freshwater
fish harvested for human consumption from Lake Hawassa and crater lakes around Bishoftu, Ethiopia. African Journal of Fisheries
Science 5 (6): 260-266.
Noga, E. J., 2010. Fish disease: Diagnosis and treatment. Second Edition. Blackwell publishing, lowa. 496 pp.
Park, B. S., Aoki, T., Jung, S. S., 2012. Pathogenesis of and Strategies for Preventing Edwardsiella tarda Infection in Fish.
Veterinary Research 43 (1): 67-78.
Peeler, E. J., Taylor, N. G., 2011. The application of epidemiology in aquatic animal health: opportunities and challenges. Vet. Res.
42:94.

DOI: 10.9790/2380-1301020613 www.iosrjournals.org 12 | Page


http://www.djpb.kkp.go.id/berita.php?id=847

Detection of Edwardsiella tarda Infection of Catfish (Clarias gariepinus) in Central Tapanuli ..

[32].

[33].
[34].

[35].
[36].

[37].
[38].

[39].

[40].

[41].

[42].
[43].
[44].
[45].

[46].

Plumb, J. A. 1993. Edwardsiella septicaemia — In: Bacterial diseases of fish (Eds) Inglis, V., Roberts, R. J., Bromage, N. R.
Blackwell. Oxford: 61-79.

Pridgeon, J., 2012. Major bacterial diseases in aquaculture and their vaccine development. CAB Reviews 7 (48): 1-16.

Rashid, M. M., Honda, K., Nakai, T., Muroga, K. 1994. An ecological study on Edwardsiella tarda in flounder farms. Fish
Pathology 29 (4): 221-227.

Reichley, S. R., Ware, C., 2015. Assays for the detection and quantification of Edwardsiella tarda, Edwardsiella piscicida, and
Edwardsiella piscicida—like species in catfish tissues and pond water. Journal of Veterinary 27 (2): 130-139.

Savan, R., lgarashi, A., Matsuoka, S., Sakai, M., 2004. Sensitive and rapid detection of Edwardsiellosis in fish by a loop-mediated
isothermal amplification method. Applied and Environmental Microbiology 70 (1): 621-624.

SNI 7663: 2011. Identifikasi Edwardsiella tarda secara morfologis, fisiologis dan biokimia. Badan Standarisasi Nasional. Jakarta.
Subasinghe, R. P., 2005. Epidemiological approach to aquatic animal health management: Opportunities and challenges for
developing countries to increase aquatic production through aquaculture. Preventive Veterinary Medicine 67: 117-124.

Suman, A, Irianto, H. E., Satria, F., Amri, K., 2016. Potensi dan tingkat pemanfaatan sumber daya ikan di Wilayah Pengelolaan
Perikanan Negara Republik Indonesia (WPP NRI) tahun 2015 serta opsi pengelolaannya. Jurnal Kebijakan Perikanan Indonesia 8
(2): 97-110.

Tran, N., Rodriguez, U. P., Chan, Y. C., Phillips, M. J., Mohan, C. V., Henriksson, J. G., Koeshendrajana, S., Suri, S., Hall, S.,
2017. Indonesian aquaculture futures: An analysis of fish supply and demand in Indonesia to 2030 and role of aquaculture using the
AsiaFish model. Marine policy 79: 25-32.

Wang, Y. M., Wang, Q. Y., Xiao, J. F., Liu, Q., Wu, H. Z. and Zhang, Y. X., 2011. Genetic relationships of Edwardsiella strains
isolated in China aquaculture revealed by Rep-PCR genomic fingerprinting and investigation of Edwardsiella virulence genes.
Journal of Applied Microbiology 111 (6): 1337-1348.

Waoo, P. T. K., Bruno, D. W., 2011. Fish Diseases and Disorders, Volume 3: Viral, Bacterial and Fungal Infections. Second
Edition. CAB International, London. 941 pp.

Williams, M. L., Lawrence, M. L. 2010. Verification of an Edwardsiella ictaluri-Specific Diagnostic PCR. Letters in Applied
Microbiology 50 (2): 153-157.

Whyatt, L. E., Nickelson, R., Vanderzant, C. 1979. Edwardsiella tarda in freshwater catfish and their environment. Appl Environ
Microbiol. 38 (4): 710-714.

Yoshimizu, M., Kimura, T. A., 1985. Coagglutination test with antibody-sensitized Staphylococci for rapid and simple diagnosis of
bacterial and viral diseases of fish. Fish Pathology 20 (2/3): 243-261.

Yuliantoro, B., Helmizuryani, Elfachmi, 2017. Keragaman bakteri patogen pada ikan lele dumbo (Clarias gariepinus) di beberapa
pembudidaya di kota Palembang. Fisheries 7 (1): 1-6.

Dwi Suryanto,et.al. “Detection of Edwardsiella tarda Infection of Catfish (Clarias gariepinus) |
in Central Tapanuli Regency, North Sumatra, Indonesia.” I0SR Journal of Agriculture and |

- - |
Veterinary Science (IOSR-JAVS), 13(1), 2020, pp. 06-13. !

o - - = = = e = e - - ]

DOI: 10.9790/2380-1301020613 www.iosrjournals.org 13 | Page



