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Abstract

This study deals with the identification of bacteria in paraffin embedded tissue of Indian catfish, Clarias
batrachus experimentally infected with F. psychrophilum to ascertain it's precise role in the occurrence and
state of carrier stage of coldwater disease in asymptomatic fishes. Significant (P < 0.05) mortality was
recorded in C. batrachus of this region due to persistent occurrence of creamish/yellowish with non smooth
edged colonies of rod shaped flexible gram negative bacterium, F. psychrophillum. Serodiagnosis made
through polyclonal antiserum dilutions (raised against H antigen of Aqb Fb – 6 isolate in rabbit) revealed that
staining intensity of this bacterium was dilution dependent as tissue and smears treated with 1:300 and
1:500 antiserum dilutions conferred close relationship at immunofluorescence level with F. psychrophilum
and stained deeply in the tissues and smear prepared from liver, kidney and intestine of experimentally
infected C. batrachus. Result of this study would be helpful in identifying the fish pathogenic bacteria in
carrier fish where mortality occurs without explicit clinical signs of disease.
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Introduction

Indian catfish, Clarias batrachus has significant role in
average human diet of local people of this region. But its
production has been impeded due to persistent occurrence of F.
psychrophillum infection with cultured as well as feral freshwater
fish of Nanak sagar and Sarda reservoirs (Prasad, 2009; Prasad
et al., 2011 and Verma et al., 2011). The ubiquitous distribution of
this bacterium in various aquatic ecosystems (Nematollahi et al.,
2003 and Nilsen et al., 2011) and its severe consequences on
fish production has been noted (Toranzo et al., 2004;
Suomalainen et al., 2005). In fact Myxobacterium sp. referring to
Myxobacter belongs to Cytophaga / Flexibacter (Bruno, 1992) or
Flavobacterium has been rechristened as F. psychrophilum
(Bernardet et al., 2002). Isolation and characterization of
Myxobacterium sp. using selective medium (Durmaz et al., 2012)
and accomplishing biochemical tests (Austin and Austin, 2007)
have been made. Its flexible characters in terms of their physicochemical requirements generally lead to improper diagnosis and
use of therapeutic agents resulting into a great loss to fish industry
(Barnes and Brown, 2011). Moreover, its extreme high (1010cfu ml-1)
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dosage leads to the development of clinical signs of coldwater
disease as it has been noted in case of rainbow trout,
Oncorhinchus mikis (Michel and Gracia, 2003). Therefore, it is
imperative to diagnose this disease at the initial stage of
development so that an appropriate strategy can be developed to
mitigate the occurrence of cold water diseases in cultured fish.

The conventional methods employed to identify this
bacterium seem to be cumbersome. On the other hand,
immunofluorescence technique has been found to be useful
(Panangala et al., 2006 and Misaka and Suzuki, 2007) in finding
out the possibility of presence of this bacterium in carrier fish
where clinical signs are sometimes less distinctive. This
technique provides additional information on the cellular
localization of this bacterium in which polyclonal mono-specific
antisera raised against the targeted bacterium is used to stain the
histological sections (Hibi et al., 2007 and Misaka et al., 2008) and
smears prepared from 18–24 old bacterial colonies.

To ascertain it precise role in the occurrence of disease it
is necessary to identify whether the asymptomatic fishes are a
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Materials and Methods

Experimental infection of fish : Fifty C. batrachus with average
length of 23 ± 4 cm and weight 90 ± 5g were collected from Nanak
Sagar reservoir, Udham Singh Nagar, Uttarakhand, India and
checked for injury and disease conditions and those found
healthy were used for further study. Fish were first treated with
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Bacterial isolation and identification: Bacteriological samples
were obtained by inserting sterilize inoculating loop into the
lesion, liver, kidney and intestine of symptomatic fish (exhibiting
overt sign of disease) and streaked onto selective medium
supplemented with casein (0.3% w/v), tryptone (0.2% w/v), yeast
extract (0.05% w/v), calcium chloride (0.03% w/v) and agar
(1.00% w/v) and sterilized with antibiotics solution (Erythromycin,

10 µg ml-1 and Neomycin sulphate 10 µg ml-1 or polymyxin
-1
sulphate, 256 IU ml ). In case of moribund fish organs like liver,
kidney, spleen and necrotized tissues were dissected out and
preserved in 0.3% NaCl solution, homogenized in the same
solution, centrifuged at 5000 rpm and supernatants were used for
the isolation of bacteria on Sheih medium (Decostere et al., 1997)
supplemented with polymyxin sulphate 256 IU ml-1. All the
0
inoculated plates were incubated at 20 ± 2 C temperature for
about 18 – 24 hr and isolated strains were identified ( Verma et al.,
2007) on the basis of selected biochemical tests.
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carrier of the bacterial pathogen or not. Since the persistent
occurrence of this bacterium was recorded in dead/ moribund
fishes, therefore this study was planned to identify the bacterium
in paraffin embedded experimentally infected tissue of catfish C.
batrachus with F. psychrophilum and compared with its smear
preparation.

Fig. 1 : Showing Gram stained F. psychrophillum in smear of pure culture
(X 1000)

Fig. 2 : Showing brilliantly stained F. psychrophillum in smear of pure
culture treated with anti serum dilution 1:300 (X 1000)

Fig. 3 : Brilliantly stained selected F. psychrophillum cells in smear of
pure culture treated with anti serum dilution 1: 500 (X 1000)

Fig. 4 : Showing marked tubules and lymphoid cells of kidney of control
fish C. batrachus (X 1000)
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interval. During the experiment fishes were fed @ 5% of their
body weight with laboratory prepared pelleted feed containing
35% protein (comprising rice bran 25, wheat bran 25, mustard oil
cake 22, fish meal 26 and mineral mixture 2%) as per Pearson's
square method, once a day and the residuals were removed after
48hr by siphoning. During the experiment 25% water in plastic
pools was changed daily to maintain the physico-chemical
parameters, pH and dissolved oxygen.
Preparation of polyclonal antiserum : Polyclonal antiserum or
hyper immune serum was developed in pathogen free rabbit by
immunizing intravenously with H antigen of F. psychrophilum Aqb
Fp 6 @ 0.5, 1.0, 2.0, 4.0 and 4.0 ml at 3 day interval. H antigens
were prepared (Edward and Ewing, 1996) with slight
modifications and serum obtained (Verma et al., 2007) were kept
in viols and preserved at –800C for further application. During the
experiment rabbits were fed with laboratory prepared basal diet
(wheat bran 40, maize crushed 30, soya been de-oiled cake 28,
mineral mixture 2 and salt 1% and green grasses) in a day.

Co

0.01% KMnO4 solution for 5 min to remove parasitic infection, if
any and then kept @ 25 fish/tank in plastic pools (1m X 1m) filled
with 300 l of non-chlorinated freshwater and acclimatized for 10
days. To check the lethal dose (LD50) of bacterium, a set of ten
healthy C. batrachus were subjected to intramuscular inoculation
5-7
-1
@ 2x 10 cfu ml live cells of Flavobacterium (Aqb Fp 6 isolate)
and the values were determined (Verma et al ., 2011). Further,
forty fishes were divided into two sets, one with triplicate
comprising 10 (n = 10) C. batrachus in each replicate and
5
-1
inoculated with 0.2 ml of bacterial suspension (2 x 10 cfu ml ) and
the fish of the other set (n=10) received 0.5 ml of sterilized PBS
only and served as control. They were transferred to glass
aquaria (12 X 12 X 36") filled with non chlorinated tap water (70 l)
in which temperature was maintained at 20 to 25oC by using
thermostat (Sobo, China). The experiment was conducted for 30
days and tissue samples of experimentally infected fishes along
with control were collected aseptically at 0, 7, 14, 21 and 30 days

On
lin
e

Fixation of tissue samples and immunofluorescence
staining : Tissues from heart, liver, kidney and intestine of
challenged C. batrachus along with the control one were removed
aseptically on 0, 7, 14, 21 and 30 day. The small tissues fixed in
10% formalin rinsed in tap water for about 18–24 hr were
embedded in paraffin wax according to the standard procedure
and cut at 4 to 6 µm thickness. The microtome sectioned tissues
were firstly dipped in water bath (40–450C) and then placed
immediately on clean slides for immunohistochemistry according
to Panangala et al. (2006) with slight modification (Verma and
Prasad, 2008).

Fig. 5 : Showing brilliantly stained F. psychrophillum (arrow) in the kidney
of C. batrachus treated with anti serum dilution 1:300 (X 1000)

Fig. 6 : Showing marked epithelial cells of intestine of control fish (X1000)

Slides fixed sections of liver, kidney and intestine were
deparaffinised by putting them in xylene for about 30 min (two
changes) and hydrated by putting successively through

Fig. 7 : Showing ablaze stained F. psychrophillum (arrow) in the intestine
of recipient fish treated with anti serum dilution 1: 300 (X 1000)
Journal of Environmental Biology, March 2014
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Results and Discussion

negative responses (gram staining, nitrate reduction, indole
production, citirate utilization etc.) exhibited by the isolates
Fp1–Fp8 are in accordance with Durmaz et al. (2012).
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The LD50 concentration of Fp 6 isolate of F. psychrophilum
was enumerated to 2×106 cfu ml-1 at 20 ± 2ºC. The fishes
experimentally infected with Fp 6 isolate of F. psychrophilum were
marked with the symptoms of white lesions on the ventro-lateral
side and ulcerations and dark pigmentation near the caudal
peduncle along with loss of fins on the onset of 18-25 day
infection. The inoculated bacterium was reisolated from the
symptomatic fish when grown on selective medium. Appearance
of explicit symptoms in experimentally infected fish and recovery
of inoculated bacterium revealed its virulent nature and would be
responsible for the initiation of coldwater disease in the
susceptible fish. This is in accordance with those of Misaka et al.
(2008) and Ronnholm and Wiklund (2010). Moreover, Michel and
Gracia, (2003) noted clinical signs of coldwater disease in
rainbow trout, Oncorhinchus mikis inoculated with extreme by
10
-1
high (10 cfu ml ) dosage of bacterium.
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descending grades of alcohol and distilled water and finally
washed in PBS for 10 min. Thereafter, 200–400 µl of diluted
(1:300 in PBS) polyclonal antiseruim of Flavobacterium (Aqb Fp
6) were added on fixed tissue and incubated at 320C for about 2hr
in humid chamber. Further, slides were rinsed thrice in PBS for
about 10 min each by putting in coupling jars. Tissues were finally
flooded with diluted (1:150) goat anti rabbit IgG FIT conjugate and
0
incubated at 32 C for about 1hr in humid chamber followed by
subsequent 3 washings in PBS for about 10 min each. Likewise,
smears of bacterial inocula of broth cultured F. psychrophilum
prepared on sterilized slides were air dried and flooded with
chilled acetone for about 3 to 5 min followed by further air drying.
The polyclonal antiserum prepared against H antigen of
Flavobacterium (Aqb Fp– 6) was diluted and then 200-400 µl of
diluted (1:100, 1:200, 1:300, 1:500 and 1:1000 in PBS -pH 7.5)
monospecific polyclonal antiserum was added and then slides
were mounted (Verma et al., 2008) with 50% buffered glycerine
(50% PBS + 50% glycerin) and examined under fluorescent
microscope (Olympus) by using X 100 oil immersion objective.

There was positive response for both bacteriological
culture and IFA test in the organs of 30 day challenged C.
batrachus and pure culture of bacterial colonies originated from
infected fishes. Conversely, the control fish were negative in
terms of bacteriological culture and IFA test. The dilutions 1:200
and 1:500 of polyclonal antiserum (prepared against H antigen of
Aqb Fb – 6 isolate by immunization of rabbit) conferred close
relationship at immunofluorescence level with F. psychrophilum
and stained deeply (Fig. 2 and 3). The formaline fixed and paraffin
wax embedded tissues (kidney, liver and intestine) of
experimentally infected fishes were also confirmatory for IFA test.
The dilutions 1:300 and 1:500 of polyclonal antiserum exhibited
cross reactivity with the bacterial cells in them. The rod shaped
bacterial cells were found to be well preserved and brilliantly
stained. (Fig. 4, 5, 6, 7). The in situ localization of F.
psychrophilum in kidney and intestine of 30 day recipient fish was
similar and prominent in almost all groups of challenged fish. Hibi
et al. (2007), Misaka and Suzuki (2007) and Misaka et al. (2008)
reported that positive IFA test implied that the these bacterial cells
were taken up by phagocytic cells which were comparable with
the smear prepared from the necrotized organs and from pure
culture. Isolation of F. psychrophilum from infected tissue and
internal organs (kidney, liver and intestine) of experimentally
infected fishes and positive reactivity for IFA test revealed that this
bacterium was invasive in nature. However, Austin and Austin
(2007) reported that this bacterium only infected gills and skin.
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Persistent occurrence of F. psychrophilum with diseased
C. batrachus of Nanak Sagar and Sarda reservoir was recorded in
comparison with other wild fish. This implies that catfishes are
more prone to F. psychrophilum infection in the reservoirs
investigated. Moreover, the overt symptoms such as appearance
of white lesions around the caudal fin and erosion of underlying
muscles exhibited by naturally and experimentally infected
catfishes of the present investigation have analogy to progression
made in salmonid fish (Nematollahi et al., 2003), Atlantic salmon,
Salmo salar (Cipriano, 2005); chum salmon, Oncorhynchu keta
(Misaka and Suzuki, 2007) and Indian catfish, C. batrachus
(Verma et al., 2007 and 2011).

Development of colourless / creamish – yellowish raised,
convex, irregular without rhizoid edged bacterial colonies was
noted. The bacteriological examination revealed the presence of
long slender, Gram-negative rod-shaped bacteria (Fig. 1). Most of
the isolates formed colonies at 20 ± 2ºC temperatures within 1824 hr but grew slowly at 15ºC. The young colonies (16–18 hr old)
were colourless while the older (72 hr old) ones were yellow
orange or bright yellow on the selective medium. Misaka et al.
(2008) and Ronnholm and Wiklund (2010) also reported similar
attributes in F. psychrophilum. Morphologically, most of the
isolates were identical in terms of physical and biochemical
characteristics except Fp5–Fp8 as they formed colonies at 220C
but less at 20ºC. Cepeda et al. (2004) and Barnes and Brown
(2011) could also record variation in terms of temperature
requirement for the growth of F. psychrophilum isolates. However,
Hesami et al. (2008) reported that the optimum growth
temperature of this bacterium was 15ºC. The positive biochemical
characteristics (motility, catalase reaction, H2S production,
degradation of casein, gelatin, Tributyrin utilization of lactose) and
Journal of Environmental Biology, March 2014

There was negative immunostaining in the tissue of
experimentally infected fish kept for 7 days but positive in those
kept for 14, 21 and 30 days. This finding elucidates that
colonization of F. psychrophilum in different organs of fish takes at
least 4–7 days which is comparable with the bacterial smear and
concurs contemplation of Madetoja and Wiklund (2002),
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Based on the above data it can be concluded that
detection and tissue localization of bacterial cells using IFA test
would be highly sensitive and reliable for diagnosis of bacterial
fish disease where mortality occurs without apparent symptoms.

The authors are thankful to ICAR, New Delhi for financial
assistance. Thanks are also due to Dr. B. R. Singh, IVRI,
Izatnagar, Bareilly and Prof. T. A. Qureshi for their constructive
criticism and valuable suggestions rendered during the
preparation of this manuscript.
References

coldwater disease. Can. J. Microbiol., 54, 619-629 (2008).
Hibi, K., K. Mitsubayashi, H. Fukuda, H. Ushio, T. Hayashi, H. Ren and H.
Endo: Rapid direct determination using combined separation by
prepared immunomagnetic and cytometry of Flavobacterium
psychrophilum. Biosen. Bioelect., 22, 1916-1919 (2007).
Madetoja, J and T. Wiklund: Detcetion of fish pathogen Flavobacterium
psychrophilum in water from fish farm. Syst. Appl. Microbiol. 25,
259-266 (2002).
Michel, C. and C. Garcia: Virulence stability in Flavobacterium
psychrophilum after storage and prevention according to different
procedures. Vet. Res., 34, 127-132 (2003).
Misaka, N. and K. Suzuki: Detection of Flavobacterium psychrophilum in
chum salmon, Oncorhynchus keta and virulence of isolated strains
to salmonid fishes. Fish Pathol., 42, 201–209 (2007).
Misaka, N., T. Nishizawa and M. Yoshimizu: Quantitative detection of
viable Flavobacterium psychrophilum in chum salmon
Oncorhynchu keta by colony blotting and immunostaining. Fish
Pathol., 43, 117–123 (2008).
Nematollahi, A., A. Decostere, F. Pasmans and F. Haesebrouck:
Flavobacterium psychrophilum infections in salmonid fish. J. Fish
Dis., 26, 563-574 (2003).
Nilsen, H., A.B. Olsen, O. Vaagnes, H. Hellberg, K. Bottolfsen, H.
Skjelstad and D.J. Colquhoun: Systemic Flavobacterium
psychrophilum infection in rainbow trout Oncorhynchus mykiss
(Walbaum) farmed in fresh and brackish water in Norway. J. Fish
Dis., 34, 403-408 (2011).
Panangala, V.S., S.A. Richard, C.A. Shoemaker, P.H. Klesius, A. Mitra
and E.E. Momson: Immunoflourescent test for simultaneous
detection of Edwardsiella ictaluri and Flavobacterium columnare.
Dis. Aquat. Org., 68, 197-207 (2006).
Prasad, Y.: Prevalence surveillance and virulence characterization of
Flavobacterium columnare and F. psychrophilum in Indian catfish
of sub Himalayan region. Biochem. Cell. Archiv., 9, 71- 82 (2009).
Prasad, Y., Arpana, D. Kumar, A.K. Sharma: Lytic bacteriophages
specific to Flavobacterium columnare rescue catfish, Clarias
batrachus (Linn.) from columnaris disease. J. Environ. Biol. 32,
161-168 (2011).
Ronnholm, E.V. and T. Wiklund: Phase variation in: characterization of
two distinct colony phenotypes. Dis. Aquat. Org., 90, 43-53 (2010).
Suomalainen, L.R., M.A. Tirrola and E.T. Valtonen: Influence of rearing
conditions on Flavobacterium columnare infection of rainbow trout,
Oncorhynchus mykiss (Walbaum). J. Fish. Dis., 28, 271-277
(2005).
Toranzo, A.E.: Report about fish bacterial diseases Franc. In:
CIHEAM/FAO (Eds.: P Alvarez-Pellitero, J.L Barja, B. Basurco, F.
Berthe and A.E. Toranzo). pp 49-89 (2004).
Verma, V., Y. Prasad and B.R. Singh: Characteristics of Flavobacterium
and Myxobacterium isolated from the freshwater catfish. Biochem.
Cell. Arch., 6, 9-21 (2007).
Verma, V. and Y. Prasad: Detection of Flavobacterium columnare in
experimentally infected Clarias batrachus by using
immunofluorescence technique. J. Exp. Zool. India, 11, 19-24
(2008).
Verma, V., Y. Prasad and B.R. Singh: Effect of pH and salinity on the
virulence characteristics of Flavobacterium columnare and
Myxobacterium sp. isolated from diseased fish. J. Environ. Biol.,
32, 573-577 (2011)

py

Panangala et al. (2006), Hibi et al. (2007) and Misaka et al. (2008)
and Verma and Prasad (2008). They reported that cultivation of
organisms from infected fish might be negative while there are still
a chances of positive immunohistochemistry and have
acquiescence with the present findings. Similarly, if fish are not
used for the isolation of organisms and put into any fixative, it
would not be possible to cultivate the bacterium from such tissue
in such situation the bacterial cells can still be detected by this
method which has also affirmation with the present finding.

On
lin
e

Austin, B. and D.A. Austin: Bacterial fish pathogens: Diseases of Farmed
and Wild fish. 4th Edn., Springer London (2007).
Barnes, M.E. and M.L. Brown: A review of Flavobacterium psychrophilum
biology, clinical signs, and bacterial cold water disease prevention
and treatment. The Open Fish Sci. J., 4, 1-9 (2011).
Bernardet, J.F., Y. Nakagawa and B. Holmes: Proposed minimal
standards for describing new texa of the family Flavobacteriaceae
and emended description of the family. Int. J. Syst. Evol. Microbiol.,
52, 1049-1070 (2002).
Bruno, D.W.: Cytophaga psychrophilum (Flexibacter psychrophilum
histology associated with mortalities among farmed rainbow trout,
Onchorhynchus mykiss (Walbaum) in UK. Bull. Eur. Ass. Fish
Pathol., 12, 215-216 (1992).
Cepeda, C., S. Garcia-Marquez and Y. Santos: Improved growth of
Flavobacterium psychrophilum using a new culture medium.
Aquacult., 238, 75-82 (2004).
Cipriano, R.C.: Intraovam infection caused by Flavobacterium
psychrophilum among eggs from captive Atlantic salmon
broodfish. J. Aquat. Anim. Hlth, 17, 275–283 (2005).
Decostere, A., F. Haesebrouck and L.A. Devriese: Sheih medium
supplemented with tobramycin for selective isolstion of
Flavobacterium columnare (Flexibacter columnare) from diseased
fish. J. Clin. Microbiol., 35, 322-324 (1997).
Durmaz, Y., E.E. Onuk and A. Ciftci: Investigation of the presence and
antibiotic susceptibilities of Flavobacterium psychrophilum in
rainbow trout farms (Oncorhynchus mykiss Walbaum, 1792) in
The Middle and Eastern Black Sea Regions of Turkey. Ankara
Univ. Vet. Fak. Derg., 59, 141-146 (2012).
Hesami, S., K.J. Allen, D. Metcalf, V.E. Ostland, J.I. Mac Innes and J.S.
Lumsden: Phenotypic and genotypic analysis of Flavobacterium
psychrophilum isolates from Ontario salmonids with bacterial

Journal of Environmental Biology, March 2014

