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Abstract
This study describes rapid detection of Flavobacterium columnare induced columnaris disease in cultured
freshwater fish, viz., Labeo rohita, Ctenopharyngodon idella, Puntius sp. and Anabas testudineus by species-specific
polymerase chain reaction. Gill discolouration, yellow necrotic areas, white patches on gill, saddle back and erosion
of scales were the prominent clinical signs in all diseased fish, except Puntius sp., which had typical signs of ulcer at
the base of dorsal fin. Of the nine disease cases, eight were found columnaris positive through culture independent
species-specific PCR. The two sets of F. columnare specific primers such as ColF, ColR and Col72F, Col1260R
yielded amplicons of around 675 bp and 1000 bp, respectively in all positive samples. Phylogenetically, the
nucleotide sequences of the positive samples namely, C1 and RG1 formed monophyletic group with F. columnare,
thus confirmed the infection as columnaris.
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Introduction

During the routine fish disease surveillance in the winter periods
of 2014 and 2015, nine disease cases – three from Mymensingh,
Bangladesh (Cases 1-3), five from West Bengal, India (Cases 4-8) and
one from Lembuchera, Tripura, India (Case 9) - with white patches
on gill, tail rot, skin discoloration, scale loss, skin sloughing, and
emaciation (Table 1) were examined as per Heil [18] and OIE [19].
The samples include five lots of Anabas testudineus of Mymensingh,
Bangladesh (Cases 1-3) and Baruipur, South 24 Parganas district, West
Bengal, India (Cases 4-5), two lots of Labeo rohita - one each from
Bagnan, Howrah district (Case 6) and Bamanghata, South 24 Parganas
district (Case 7), one lot of Ctenopharyngodon idella from Chakgaria,
Kolkata (Case 8), West Bengal, India and one Puntius sp. (Case 9) from
Lembuchera, West Tripura district, Tripura, India (Table 1). At site, the
behavioral abnormalities, gross and clinical signs of diseased fish were
recorded. On each sampling day, a lot comprising infected and weak
fish (n=5) with typical disease symptoms and also apparently healthy
fish (n=5) from unaffected ponds were brought to the laboratory in
oxygen filled polythene bags separately for further analysis. In case of
freshly dead fish (n=5) desirable tissue portions were dissected, pooled
and fixed in 70% alcohol at site for culture independent analysis by
species-specific PCR. At laboratory, the infected fish were dissected
aseptically and the affected tissues (0.1-0.2 g from each fish) were cut
and pooled. The pooled samples were fixed separately in 70% alcohol.
A total of 23 pooled samples of diseased fish comprising different body

Flavobacterium columnare, the causative agent of columnaris,
belongs to the family Flavobacteriaceae [1]. Most freshwater fish
(cultured and wild) are considered susceptible to F. columnare [1-3].
It has a worldwide distribution, causes remarkable economic losses,
and severely affects cold and warm freshwater fish such as Oreochromis
niloticus [4], Clarias batrachus and Labeo rohita [5], Ictalurus punctatus
[6], Catla catla [7], Anabas testudineus [8], Oncorhynchus mykiss [9]
and Carassius auratus [10]. The presumptive diagnosis of columnaris
based on the clinical signs of host and the characteristic morphologic
features of F. columnare and the definite diagnosis are more extensive
and laborious that requires sophisticated laboratory testing. Molecular
analysis is one of the major parts of definitive diagnosis of columnaris.
Polymerase chain reaction (PCR) based diagnostic tests have been
used for the detection of F. columnare nucleic acid in infected skin
samples and in bacterial cultures [11]. Several F. columnare specific
PCR protocols have been developed [11-13]. These techniques use
species-specific primers to amplify the 16S rRNA gene fragment and
to differentiate closely related bacteria (F. psychrophilum, F. aquatile,
F. branchiophilum) and other fish pathogens like Edwardsiella sp.,
Aeromonas sp. and Streptococcus iniae. The sensitivity of the protocol,
determined by spiking fish tissues with F. columnare, was reported to
range from 30 to 59 colony forming units/mg of tissue [11].
Metagenomics is defined as the culture-independent genomic
analysis of an assemblage of microorganisms [14]. A TaqMan-based
real-time PCR targeting a 113 bp nucleotide region of the chondroitin
AC lyase gene of F. columnare has also been developed [15] for the
detection and quantification of F. columnare in tissues (blood, gills
and kidney) of infected fish. West Bengal is one of the most productive
states in India from aquaculture point of view. With the intensification
in culture, there has been an increase in the incidence of diseases in
cultured fish. Dash et al. [16] reported the prevalence of bacterial gill
disease (16.14 ± 2.24%) and columnaris disease (13.80 ± 1.56%) in
cultured carps of West Bengal along with other diseases. In a recent
study, F. columnare was isolated and characterized genotypically from
Clarias batrachus cultured in West Bengal [17]. The aim of this study was
to explore the usefulness of culture independent analysis by species-specific
polymerase chain reaction to identify F. columnare infection rapidly.
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Case

Date of sampling

Place

Location (Latitude and
Longitude)

Fish species and size

Mortality (%)

Examined
tissues

PCR results

1

10.10.14

Kalibari, Mymensingh,
Bangladesha

Lat.24˚43’00”N
Long. 90˚10’11”E

Anabas testudineus
(95-122 g)

35

Gill
Muscle

+
+

2

10.10.14

Tarakanta, Mymensingh,
Bangladesha

Lat.24˚52’26”N
Long. 90˚25’10”E

Anabas testudineus
(96-128 g)

40

Gill
Muscle
Kidney
Spleen

+
+
-

3

10.10.14

Ishwarganj, Mymensingh,
Bangladesha

Lat.24˚41’36”N
Long. 90˚35’48”E

Anabas testudineus
(90-112 g)

50

Gill
Muscle

+
+

4

07.10.15

Baruipur, South 24 Parganas,
West Bengal, India

Lat.22˚21’54”N
Long. 88˚25’28”E

Anabas testudineus
(40-56 g)

22

Gill
Muscle
Kidney

+
+
+

5

17.10.15

Baruipur, South 24 Parganas,
West Bengal, India

Lat.22˚21’48”N
Long. 88˚25’32”E

Anabas testudineus
(45-60 g)

30

Gill
Muscle
Kidney
Spleen

+
+
+
+

6

04.12.15

Bagnan, Howrah, West Bengal,
India

Lat.22˚28’56”N
Long. 87˚56’31”E

95#

Gill
Muscle
Kidney

+
-

7

04.12.15

Bamanghata, South 24 Parganas,
West Bengal, India

Lat. 22˚29’89” N
Long. 88˚29’33”E

Labeo rohita
(140-200 g)

1.5

Gill**
Muscle

+
-

8

11.12.15

Chakgaria, Kolkata, West Bengal,
India

Lat. 22˚28’47”N
Long. 88˚24’04”E

Ctenopharyngodon idella
(15-25 g)

Negligible

Gill
Muscle*

+
+

9

23.12.15

Lembuchera, West Tripura,
Tripura, India

Lat. 23˚54’20”N
Long. 91˚18’31”E

Puntius sp.
(≈ 200 g)

ND

Muscle

-

Labeo rohita
(105-120 g)

Samples were collected, processed and supplied by M/S Quality Feeds Limited, Dhaka - 1230, Bangladesh. Freshly preserved samples (within 2 days of collection) in
70% alcohol were used for laboratory analysis; **: Nucleotide sequence code: RG1; *: Nucleotide sequence code: C1; Muscle=Skin and muscle tissue; ND: No data; #:
Kidney myxoboliasis.

a

Table 1: Sampling details of diseased fish and identification of Flavobacterium columnare by species-specific polymerase chain reaction.

parts such as skin and muscle tissue (9), kidney (4), gill (8) and spleen
(2) were collected and processed analysis. From the healthy fish (cases
1-8), only gill samples (0.1-0.2 g from each fish) were collected, pooled
for each case and fixed as above. The case 9 had only one 70% alcohol
fixed muscle tissue sample (Puntius sp.) received from the College of
Fisheries, Lembuchera, Tripura, India.

DNA isolation and PCR detection of Flavobacterium columnare
The DNA isolation was done by using NucleoSpin tissue kit
(Clontech, Takara) and stored at -20°C for PCR work. The PCR
of species-specific 16S rRNA gene fragment was performed with
two sets of primers namely ColF 5’-CAGTGGTGAAATCTGGT-3’, ColR 5’-GCTCCTACTTGCGTAGT-3’ [12] and Col-72F
5'-GAAGGAGCTTGTTCCTTT-3', Col-1260R 5'-GCCTACTTGCGTAGTG-3' [13] for the detection of F. columnare infection. A 25 μL
PCR mixture contained 2.5 mM MgCl2, 10X reaction buffer, 10 nmole
each 200 μM dNTPs, 10 pmole of each primer, 2 units of Taq DNA
polymerase (Takara) and 50 ng template DNA. Amplification was done
by initial denaturation at 94°C for 30 sec followed by 30 cycles of denaturation at 94°C for 30 sec, annealing at 54°C for 1 min and extension at 72°C for 1 min. The final extension was at 72°C for 5 min. The
amplicons were examined and visualized by electrophoresis in 2.0%
agarose gel in TAE buffer. The gel was stained with ethidium bromide
and viewed in Gel Doc System (G:Box Syngene UK). Documentation
of columnaris positive DNA samples was by demonstrating 675 bp and
1000 bp bands on agarose gel, respectively for ColF and ColR as well as
Col-72F and Col-1260R primers.

Sequencing and phylogenetic analyses
After PCR amplification, two amplicons of F. columnare specific
primers ColF and ColR, viz., C1 of case 8 - DNA isolated from the
muscle tissue of caudal peduncle region of C. idella and RG1 of case 7 DNA isolated from the gill of L. rohita were sequenced at the Genomics
Division, Xcelris Labs Ltd, Ahmedabad, India. The edited sequences
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were compared against the GenBank database of the National Centre
for Biotechnology Information (NCBI) by using the BLAST (Basic
Local Alignment Search Tool) program (http://blast.ncbi.nlm.nih.gov).
For the construction of phylogenitic tree, besides the edited sequences
of C1 and RG1, 20 more gene sequences comprising 10 F. columnare,
4 Flavobacterium sp., 5 strains of Gram negative long rods, viz.,
Flectobacillus roseus, Chryseobacterium indologenes, Tenacibaculum
maritimum and Sphingobacterium thalpophilum and a Gram positive
strain Bacillus cereus were selected from the NCBI GenBank database.
Data analysis and multiple alignments were performed by using
ClustalW 1.6 (MEGA6). The evolutionary history was inferred using the
Neighbor-Joining method [20]. The bootstrap consensus tree inferred
from 1000 replicates is taken to represent the evolutionary history of
the taxa analyzed. Branches corresponding to partitions reproduced
in less than 50% bootstrap replicates are collapsed. The percentage of
replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) is shown next to the branches [21]. The
evolutionary distances were computed using the Kimura 2-parameter
method [22]. All positions containing gaps and missing data were
eliminated. Evolutionary analyses were conducted in MEGA6 [23].
The nucleotide sequences of the amplicon C1 (Accession number
KX452119) and amplicon RG1 (Accession number KX452118) have
been deposited in NCBI GenBank.

Results
All the infected fish, except the case 9 (Puntius sp.), exhibited white
patches on gill, tail rot, skin discoloration, scale loss, skin sloughing,
and emaciation, resembling columnaris infection. Mortalities were
severe in Anabas testudineus, ranging from 22 to 50% of the total
population. On the other hand, it was negligible to 1.5% in carps,
except the case 6, where the L. rohita experienced 95% mortality due
to kidney myxoboliasis (Table 1). All the gill samples and 6 out of 9
muscle tissue samples were PCR positive (Figures 1A and 1B). The gill
and muscle tissue samples of all A. testudineus were PCR positive. The
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characterization by culture independent species-specific PCR revealed
F. columnare infection in all diseased A. testudineus and carp samples
collected in West Bengal, India and Bangladesh. Likewise, F. columnare
infection was reported in A. testudineus [8], Labeo rohita [5] by culture
based techniques and from Ctenopharyngodon idella [26] by speciesspecific PCR. Although reports on Flavobacterium infection in Puntius
sp. are available [8], our observation with Puntius sp. resembling the
clinical signs of ulcer from Lembuchera, Tripura was PCR negative,
when tested using F. columnare-specific primers. It contradicted the
earlier report on the observations and identification of F. columnare
from ulcers [3].

Figure 1: Agarose gel (2%) showing Flavobacterium columnare specific 16S
rDNA gene fragment amplicons of primers (A): ColF, ColR and (B): Col72F,
Col1260R. Lane M: 100 bp molecular weight DNA marker; Lane 1: RG1 - DNA
isolated from the gill of Labeo rohita; Lane 2: C1 - DNA isolated from the muscle
tissue of caudal peduncle region of Ctenopharyngodon idella.

Figure 2: Molecular phylogenetic tree produced by Neighbor-Joining method.
Numbers at nodes indicate bootstrap confidence values (1000 replicates). The
GenBank accession number is provided for each species. Units of evolutionary
distance are in the number of base substitutions per site.

internal organs of A. testudineus from Baruipur were found to be PCR
positive for F. columnare. Of the nine fish disease cases, eight were
confirmed as F. columnare infection by species-specific PCR (Table 1).
The gill samples of all apparently healthy fish were PCR negative. The
edited gene sequences of C1 and RG1 were of size 675 bp. The Puntius
sp., which exhibited the clinical signs of ulcer disease, was negative for
F. columnare. In phylogenetic tree, the nucleotide sequences of C1 and
RG1 formed a monophyletic branch and clustered with F. columnare
with 98% sequence similarity. The gene sequences of C1 and RG1 were
closely related to F. columnare KC912655 (97%); and F. columnare
KF274042 (96%), respectively (Figure 2).

Discussion
The culture independent PCR method with species-specific
primers was found to be more sensitive for the detection of F.
columnare infection in fish than the standard culture techniques
because F. columnare is often overgrown by the fast-growing bacteria
such as Pseudomonas spp. and others [24]. In our earlier studies, we
could isolate only one F. columnare (accession number KU851952) and
many related Flavobacterium spp. [17,25] out of 55 samples. Molecular
J Aquac Res Development, an open access journal
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Of the four kidney samples processed, two cases of A. testudineus
were PCR positive, indicating the systemic F. columnare infection,
which is most often found with acute infections [27]. Likewise, the
analysis of two spleen samples of A. testudineus yielded one PCR
positive. On the other hand, all the gill samples and six out of nine skin
and muscle tissues were PCR positive. These observations corroborate
the findings of Welker et al. [11], who opined that detection of F.
columnare in the gill was more sensitive than in the muscle and other
internal organs. Adherence to the gill is an important aspect of the
pathogenesis of columnaris [28]. The gills may, therefore, be a good
choice for detection of F. columnare in fish as water is actively pumped
across gill lamellae. The gill samples of apparently healthy fish were,
however, PCR negative. Though few earlier studies reported systemic
infection with F. columnare [29-31], according to many studies
columnaris disease is more renowned as cutaneous disease [1,3,32]
and gill disease [7,10]. Bader et al. [33] demonstrated mucus to be the
best location for molecular detection of F. columnare and blood the
worst. Phylogenetic analysis based on the nucleotide gene sequences
indicated that the novel sequences of C1 and RG1 belonged to the
family Flavobacteriaceae, phylum Bacteroidetes, and fell within the
evolutionary radiation of the genus Flavobacterium. The 16S rDNA
gene sequences of all F. columnare strains clustered together with
C1 and RG1 and formed a monophyletic group, which support their
correct diagnosis. The gene sequences of both C1 and RG1 were
clustered together with 98% DNA similarity, which further enlighten
the accuracy of the claim.

Conclusion
The results of the present study demonstrated the usefulness of
culture independent analysis by species-specific polymerase chain
reaction to detect columnaris disease using F. columnare-specific
primers. It has more potency to save time and reduce labour over the
culture dependent methods.
Acknowledgements
The research work was supported by the Indian Council of Agricultural
Research, Government of India, New Delhi under the Niche Area of Excellence
programme. The authors thank the Vice-Chancellor, West Bengal University of
Animal and Fishery Sciences, Kolkata for providing necessary infrastructure facility
to carry out the work.

Conflict of Interest
The authors declare that there is no conflict of interest.

References
1. Bernardet JF, Bowman JP (2006) The genus Flavobacterium. In: The
prokaryotes: A handbook on the biology of bacteria: Volume 7: Proteobacteria:
Delta and Epsilon Subclasses. Deeply Rooting Bacteria. Springer
Science+Business Media, LLC. New York.
2. Suomalainen LR, Bandilla M, Valtonen ET (2009) Immunostimulants in
prevention of columnaris disease of rainbow trout, Oncorhynchus mykiss
(Walbaum). Journal of Fish Diseases 32: 723-726.

Volume 7 • Issue 9 • 1000445

Citation: Patra A, Sarker S, Banerjee S, Adikesavalu H, Biswas D, et al. (2016) Rapid Detection of Flavobacterium columnare Infection in Fish by
Species-specific Polymerase Chain Reaction. J Aquac Res Development 7: 445. doi: 10.4172/2155-9546.1000445

Page 4 of 4
3. Declercq AM, Haesebrouck F, Van den BW, Bossier P, Decostere A (2013)
Columnaris disease in fish: a review with emphasis on bacterium-host
interactions. Veterinary Research 44: 27.
4. Eissa AE, Zaki MM, Aziz AA (2010) Flavobacterium columnare/Myxobolus
tilapiae concurrent infection in the earthen pond reared Nile tilapia (Oreochromis
niloticus) during the early summer. Interdisciplinary Bio Central 2: 1-10.
5. Dash SS, Das BK, Pattnaik P, Samal SK, Sahu S, et al. (2009) Biochemical
and serological characterization of Flavobacterium columnare from freshwater
fishes of Eastern India. Journal of the World Aquaculture Society 40: 236-247.

18. Heil N (2009) National Wild Fish Health Survey. Laboratory Procedures
Manual, (5thedn), U.S. Fish and Wildlife Service, Warm Springs, GA.
19. OIE (2013) Aquatic Animal Health Code. (16thedn), World Organisation for
Animal Health, Paris, France.
20. Saitou N, Nei M (1987) The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Molecular Biology and Evolution 4: 406-425.
21. Felsenstein J (1985) Confidence limits on phylogenies: An approach using the
bootstrap. Evolution 39: 783-791.

6. Shoemaker CA, Olivares-Fuster O, Arias CR, Klesius PH (2008) Flavobacterium
columnare genomovar influences mortality in channel catfish (Ictalurus
punctatus). Veterinary Microbiology 127: 353-359.

22. Kimura M (1980) A simple method for estimating evolutionary rates of base
substitutions through comparative studies of nucleotide sequences. Journal
of Molecular Evolution 16: 111-120.

7. Verma DK, Rathore G (2013) Molecular characterization of Flavobacterium
columnare isolated from a natural outbreak of columnaris disease in farmed
fish, Catla catla from India. Journal of General and Applied Microbiology 59:
417-424.

23. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGA6:
Molecular evolutionary genetics analysis version 6.0. Molecular Biology and
Evolution 30: 2725-2729.

8. Rahman MM, Ferdowsy H, Kashem MA, Foysal MJ (2010) Tail and fin rot
disease of Indian major carp and climbing perch in Bangladesh. Journal of
Biological Sciences 10: 800-804.
9. LaFrentz BR, LaPatra SE, Shoemaker CA, Klesius PH (2012) Reproducible
challenge model to investigate the virulence of Flavobacterium columnare
genomovars in rainbow trout Oncorhynchus mykiss. Diseases of Aquatic
Organisms 101: 115-122.
10. Verma DK, Rathore G, Pradhan PK, Sood N, Punia P (2015) Isolation and
characterization of Flavobacterium columnare from freshwater ornamental
goldfish Carassius auratus. Journal Environmental Biology 36: 433-439.
11. Welker TL, Shoemaker CA, Arias CR, Klesius PH (2005) Transmission and
detection of Flavobacterium columnare in channel catfish Ictalurus punctatus.
Diseases of Aquatic Organisms 63: 129-138.
12. Darwish AM, Ismaiel AA, Newton JC, Tang J (2004) Identification of
Flavobacterium columnare by a species-specific polymerase chain reaction
and renaming of ATCC 43622 strain to Flavobacterium johnsoniae.
Molecular and Cellular Probes 18: 421-427.
13. Triyanto, Kumamaru A, Wakabayashi H (1999) The use of PCR targeted 16S
rDNA for identification of genomovars of Flavobacterium columnare. Fish
Pathology 34: 217-218.
14. Riesenfeld CS, Schloss PD, Handelsman J (2004) Metagenomics: genomic
analysis of microbial communities. Annual Review of Genetics 38: 525-552.
15. Panangala VS, Shoemaker CA, Klesius PH (2007) TaqMan real-time
polymerase chain reaction assay for rapid detection of Flavobacterium
columnare. Aquaculture Research 38: 508-517.

24. Tiirola M, Valtonen ET, Rintamaki-Kinnunen P, Kulomaa MS (2002) Diagnosis
of flavobacteriosis by direct amplification of rRNA genes. Diseases of Aquatic
Organisms 51: 93-100.
25. Sarker S, Patra A, Adikesavalu H, Abraham TJ (2016) Flavobacteriosis in
cultured freshwater ornamental telescopic eye goldfish Carassius auratus.
International Journal of Current Microbiology and Applied Sciences 5: 39-46.
26. Zhu W, Yang G, Zhang Y, Yuan J, An L (2012) Generation of biotechnologyderived Flavobacterium columnare ghosts by PhiX174 gene E-mediated
inactivation and the potential as vaccine candidates against infection in grass
carp. Journal of Biomedicine and Biotechnology 2012: 1-8.
27. Groff J, LaPatra SE (2000) Infectious diseases impacting the commercial
culture of salmonids. Journal of Applied Aquaculture 10: 17-90.
28. Decostere A, Haesebrouck F, Van DE (1999) Characterization of the adhesion
of Flavobacterium columnare (Flexibacter columnaris) to gill tissue. Journal of
Fish Diseases 22: 465-474.
29. Pacha RE, Ordal EJ (1967) Histopathology of experimental columnaris disease
in young salmon. Journal of Comparative Pathology 77: 419-423.
30. Ferguson HW (2006) Systemic pathology of fish: A text and Atlas of normal
tissues in teleosts and their responses in disease, (2ndedn), Scotian Press,
London.
31. Loch TP (2012) Identification of novel flavobacteria from Michigan and
assessment of their impacts on fish health. Thesis, Michigan State University,
East Lansing.

16. Dash S, Swain P, Nayak, SK, Nanda PK, Rangacharyulu PV, et al. (2008) A
survey of some major bacterial diseases in key freshwater aquaculture zones
of India: Andhra Pradesh, West Bengal and Orissa. e-planet 6: 12-17.

32. Tripathi NK, Latimer KS, Gregory CR, Ritchie BW, Wooley RE, et al. (2005)
Development and evaluation of an experimental model of cutaneous columnaris
disease in koi Cyprinus carpio. Journal of Veterinary Diagnostic Investigation 17:
45-54.

17. Sarker S (2015) Bacteriology and histopathology of columnaris-like disease in
cultured fish of West Bengal. Master’s thesis, West Bengal University of Animal
and Fishery Sciences, Kolkata, India.

33. Bader JA, Nusbaum KE, Shoemaker CA (2003) Comparative challenge model
of Flavobacterium columnare using abraded and unabraded channel catfish,
Ictalurus punctatus (Rafinesque). Journal of Fish Diseases 26: 461-467.

J Aquac Res Development, an open access journal
ISSN: 2155-9546

Volume 7 • Issue 9 • 1000445

