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The Role of Mechanical Injury in an Experimental Transmission of
Flexibacter columnaris to Fingerling Walleye 1
MANZOOR HUSSAIN
Department of Veterinary Microbiology and Preventive Medicine, College of Veterinary Medicine,
Iowa State University, Ames, Iowa 50011, USA
and

ROBERT C. SUMMERFELT
Department of Animal Ecology, Iowa State University, Ames, Iowa 50011, USA
The role of mechanical injury in transmission of Flexibacter columnaris to walleye fingerlings (Stizostedion vitreum vitreum) was investigated.
Two groups (1 and 2) of 10 fish each, 7 to 9 cm total length, were exposed to a suspension of Flexibacter columnaris containing 3 X 10 5 cfu/
mL; fish in group 1 were injured with a scratch along their flank; fish in group 2 were not injured. Two control groups (3 and 4) of5 fish
each were exposed to a sterile broth; group 3 was injured with a scratch and group 4 was not. In 72 h, morbidity was obvious in 7 of 10
fish in group 1, 1 of 10 in group 2, bur none of the controls (groups 3 and 4). F. columnaris was isolated on cytophaga agar from swabs
taken from moribund fish in groups 1 and 2, but not from healthy fish in any groups. In moribund fish, of group 1, F. columnaris was
isolated from skin lesions of all 7 fish, from the gills of2 fish, and from the kidney of 1 fish. Tissue damage in moribund fish in group 1
included extensive necrosis of the skin and underlying musculature; gill damage included epithelial separation, infarcts, and, in the
most severe case, a secondary fungal infection. The inflammatory response included a substantial increase in relative abundance of
lymphocytes in infected fish compared with healthy fish. In a plate culture, antibiotic sensitivity test, oxytetracycline was the most
effective among the seven antibacterials examined.
INDEX DESCRIPTORS: Flexibacter columnaris, walleye, Stizostedion vitreum vitreum, bacterial diseases.

Columnaris disease, caused by the aquatic myxobacterium Flexibacter columnaris, was first described among warm-water fish of the
Mississippi River Valley by Davis in 1922. The bacterium is not host
specific, occurring in both warm and cold water fish in various
regions of the United States (Nigrelli and Hunter, 1945; Davis,
1949; Johnson and Brice, 1952). It is now assumed to be ubiquitous
to most freshwaters of the world (Post, 1987). Columnaris disease is
recognized by the appearance of greyish-white or yellow areas of
erosion, usually surrounded by a reddish hyperemic zone, on the body
surfaces or the gills of fish. It has long been observed, although not
experimentally evaluated, that an outbreak of columnaris disease is
not spontaneous, but is influenced by combination of environmental
(temperature) and other factors stressful to the host (Chen et al.,
1982), such as nutritional deficiencies or injury (Post, 1987).
The disease is problematic in the warmer periods of the year. In
salmonids, epizootics occur when the water temperature is in the
range of 18-22°C, and the disease is rarely troublesome at < 15°C
(Amend, 1970). In some strains affecting warmwater and tropical
fishes, optimal growth of the columnaris bacteria is at 28 to 35°C
(Post, 1987). Although mechanical injury of the host is considered
important for invasion of the bacterium, this has not been experimentally demonstrated.
Fingerling walleye (Stizostedion vitreum vitreum) reared in ponds on
live feed to 35-50 mm can be transferred to intensive, tank-culture
environments, trained to consume formulated feeds and reared to 150
mm (Nickum, 1978, 1986). The most serious constraint to the
success of this procedure is the mortality caused by an epizootic of
Flexibacter columnaris (Nickum, 1978) immediately after the pondreared fish are transferred to the indoor, intensive culture environment. Since the tank environment has a continuous flow of clean,
well-oxygenated water, it has been assumed, but not experimentally

Bacterial Strain
The culture used in this study was obtained from Mark Eimers of
the National Veterinary Services Laboratories, USDA, Ames, Iowa.
He obtained cultures from isolations made during epizootics of F.
columnaris occurring in channel catfish lctalurus punctatus at the
Rathbun Hatchery, Iowa Department of Natural Resources, Moravia,
Iowa (Moore et al. 1990). The primary isolate was from a kidney
puncture streaked on Ordal's aga (Anacker and Ordal 1955), then
subcultured in 10% trypticase soy broth (TSB). A sample of the TSB
culture was frozen in a 50:50 ratio of TSB: glycerol at - 70°C. We
started a culture on TSB from a sample of the frozen sample.
Cytophaga agar (CA) (Anacker and Ordal, 1959) was used for
bacterial isolation during this study. The plates were incubated at
room temperature (=22°C) for 2 to 5 days; colonies of F. columnaris
were isolated and checked for purity and identity.
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Preparation of Bacterial Culture
We used the method of Pacha and Ordal ( 1967) for the preparation
of a live bacterial suspension. A single screw cap tube of 5 mL of 10%
TSB was inoculated with a loopful of bacterial growth taken from a

demonstrated, that the stress of capture by seining, handling and
transporting the fish is the major factor responsible for incidences of
columnaris disease in these fish and not the rearing environment of
the intensive culture facility. Once the fish overcome the initial
trauma, the disease is much less of a problem unless the environmental quality of the rearing environment deteriorates. Experimental
observations on the role of trauma and mechanical injury in transmission of columnaris disease are lacking. Our present report: (1)
demonstrates the role of mechanical injury in the transmission of F.
columnaris, (2) describes the histopathological changes and
hematological response of walleye fingerlings with a clinical infection
of F. columnaris and (3) presents microbiological features to characterize the organism and evaluate its sensitivity to several antibacterial
agents.

MATERIALS AND METHODS
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large colony grown on a CA plate; the TSB inoculum was incubated
on a reciprocal shaker at room temperature for 24 h. Five mL of this
bacterial suspension was used to inoculate 50 mL of broth in a 250
mL flask. After 16 to 18 h of incubation at 20°C, the flask culture
was placed on a reciprocal shaker for 1 to 2 h, then the contents
diluted 1:20 with water from the aquaria holding the experimental
fish. This suspension was used as the contact medium to experimentally infect the fish.
Experimental Fish
The fish were 6-week-old, 7- to 9-cm fingerling walleye. Two
groups of 10 fish each (groups 1 and 2) were exposed to the bacteria
for 30 min by direct contact in a solution having 1:20 dilution of
bacterial suspension. The solution contained 3 X 10 5 colony-forming
units (cfu)/mL. Fish in group 1 were scratched on their flank above
the lateral line under the dorsal fin with a sterile needle. Fish in group
2 were exposed to the solution without injury.
Two groups (groups 3 and 4) of 5 fish each were used as controls.
They were exposed to a dilution of sterile broth for the same length of
time as the experimental groups. After exposure to bacteria and
broth, all groups of fish were placed in separate 37-L aquaria provided
with a recirculating pump and a carbon filter.
Fish were inspected at 12- and 24-h intervals after exposure.
Moribund fish, i.e., those exhibiting a severe infection, were removed before death for tissue and blood samples and for bacterial
isolation.
Bacterial Isolation from Experimental Fish
Swabs from the skin, gills and kidneys of fish from each group
were streaked onto CA for bacterial isolation. The plates were
incubated at room temperature (=22°C). Morphological and cultural
characteristics of the bacterium were recorded. A bacterial suspension
was made from the colonies in a small amount of TSB. This
suspension was used as the inoculum for biochemical tests and sugar
fermentation reactions to identify the isolates.

Preparation of Tissue for Histopathology
The body wall (skin and muscle), gills and kidneys of 3 normal ( 1
from group 3 and 2 from group 4) and 6 infected fish (5 from group 1
and 1 from group 2) were fixed in neutral, buffered formalin (10%).
Parafiin sections were stained with haematoxylin and eosin.
RESULTS
Virulence
Direct exposure of walleye fingerlings to high concentrations of F.
columnaris produced patent infections in group 1 fish by 72 h postexposure. The highest incidence of infection was recorded in group 1
where 7 out of 10 fish were infected after 72 h. Only 1 fish was
affected in group 2 during the first 72 h, and none by 96 h when
observation was terminated to obtain blood smears and tissue samples. None of the control fish (groups 3 and 4) had signs of infection.
Bacterial Isolation from Infected Fish
The organism isolated from infected skin, gill and kidney was F.
columnaris. Morphological and biochemical tests and fermentation
reactions gave similar results as described by Austin and Austin
( 1987). Colonies of F. columnaris developed after 48 h of incubation at
room temperature. In 5 days, the colonies on CA were rhizoid and
yellow-green, and varied in size from a pinpoint to large (=4 mm).
The colonies stuck tenaciously to the agar; they were so embedded in
the medium that usually a small portion of agar had to be removed
along with the colony to ensure growth in subcultures. Tissue
sections revealed long, slender bocilli (Fig. 5). Morphological and
biochemical tests and sugar fermentation reactions confirmed that the
isolate was F. columnaris (Table 1). The organism was isolated from
skin hemorrhagic lesions of all 7 fish that were near death in group 1,
but only 2 fish had bacteria isolated from their gills, and only 1 from
kidney tissue. Skin, gill and kidney of infected fish in group 2 also
were streaked onto CA, but the organism was isolated from gill tissue
form only 1 fish. F. columnaris was not isolated from fish in the
control groups.

Antibacterial Sensitivity
Seven antibacterial chemotherapeutics (Becton Dickinson and Co.,
MD) were used to determine in-vitro sensitiviry of F. columnaris:
Ampicillin
(10 mcg)
Streptomycin
(10 mcg)
Tetracycline
(30 mcg)
Chloramphenicol (30 mcg)
Erythromycin
(30 mcg)
Triple sulpha
(1.0 mg)
(30 mcg)
Neomycin
CA plates, one for each antibacterial compound, were streaked with
bacterial suspension and antibiotic-discs were added. Plates were
incubated at room temperature for 24- 72 h to measure inhibition.
Blood Cell Respome to F. Columnaris Infection
Blood was collected from 10 healthy (5 each, groups 3 and 4) and
13 infected (6 from group 1 and 7 from group 2) fish by cutting the
caudal vein. Smears were stained with Giemsa, and differential
leukocytic counts were made.

In-vitro Antibiotic Sensitivity Assay
Antibiotic sensitivity tests showed that the F. columnaris isolate was
resistant to triple sulpha (i.e., no measurable inhibition), but sensitive to tretracycline (32 mm), chloramphenicol (24 mm), neomycin
(20 mm), erythromycin (18 mm), streptomycin (16 mm) and
ampicillin (10 mm).
Gross Pathology
All fish were observed for gross pathology. Fish infected with F. columnaris (group 1) had 2- to 5-mm hemorrhagic patches along the
lateral line and grey discoloration of the affected area. Of fish in group
1, only 2 of 7 developed discolored areas on the dorsal fin. Grossly,
the internal organs of these fish did not show any lesions, nor were
gross lesions observed in the control fish (groups 3 and 4).

Table 1. Morphological, biochemical tests and sugar fermentation reactions carried out for the confirmation of
F. Columnaris.

Yellow-green
colonies on
CA

Motility

+
arabinose

Response ( +I - ) to morphological and biochemical tests
Gliding
Catalase
H 2S
lndole
Oxidase

+
glucose

+

Production of acid in
lactose
mannitol

+

+
raffinose

sucrose

xylose

Nitrate
reduction

+

Voges
Proskaver
reaction
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Microscopic Pathology
Skin and muscle from an area of hemorrhage in a group 1 fish
showed an acute necrotizing ulceration with partial loss of the
epidermis (Fig. 1). The epidermis surrounding the ulcer was hyper-

95

trophied (Fig. 1 and 2), and lacking in globlet cells (Fig. 2), which
were abundant in the epidermis of healthy fish (Fig. 3). Degeneration
occurred in the loose , hypodermis (Fig. 2) as a percursor to a
sloughing of the skin.

Figs. 1-4. Fig. 1. Transverse section through scratched skin showing epidermal hyperplasia, intracellular edema, and a lifting of the epidermis
from the basal layer (b); this section also shows necrosis of underlyi ng fibrous connective tissue (f) and muscle (m). Fig. 2. Epidermal tissue from
scratched skin lacks goblet cells (contrast with Fig. 3); this section shows an extensive separation of the hypodermis (arrow) and degeneration (d)
of collagen fibers . Fig. 3. Normal skin tissue showing numerous epidermal goblet cells (g) and thin dermis overlying the scales (s). Fig. 4. Gill
filament of a fingerling walleye with an active columnaris infection. The epithelium (e) is separated from capillary bed, and edematous fluid (f) is
present in both intracellular and extracellular spaces.
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Bacteremia in infected fish in groups 1 and 2 produced conspicuous lesions on the gills (Fig. 4). Gill lesions were characterized by
hyperplasia of the lamellar epithelium and dissociaiton of the
epithelium from the capillary bed, which seems to be the result of
accumulation of intra- and extracellular fluid. The gills had scattered
areas of hemorrhage and foci of bacterial colonies (Fig . 5). A
secondary mycotic invasion (presumably, Saprolegnia) also occurred in
necrotic areas (Fig. 6). In normal gill tissue (Fig. 7), the epithelium
of the lamellae adheres closely to the capillary bed.
There were no differences in the histopathology of kidney tissues
from infected and healthy fish, and F. columnaris was isolated from the
kidney of only one fish in group 1.

Differential Blood Cell Count
Blood cell response to F. columnaris infection was determined by
differential leukocytic counts. Analysis of variance of the counts of
lymphocytes, granulocytes and thrombocytes indicated a significant
difference among the 4 groups (Table 2). There was a significant
increase in lymphocytes, but a decrease in granulocytes and thrombocytes after infection as compared with control fish. Although a
substantial increase in lymphocytes is evident, one cannot infer the
granulocytes and thrombocytes actually decreased because differential
counts from blood smears, in contrast to counts in a hemocytometer,
only reflect relative proportions not absolute numbers. For lymphocytes, Duncan's multiple range test demonstrated a significant differ-

Figs. 5-6. Fig. 5. Gill filament from an infected fish with clusters of long, filamentous bacilli (b).
fungal mycelia (arrows).

Fig. 6. Section through gill area showing

Table 2. Comparison of the composition of lymphocytes, granulocytes and thrombocytes in blood smears of moribund
(groups 1 and 2) and uninfected (groups 3 and 4) fish.
4mEhocytes %
Meana SE
N
GrouE
Range
1
6
80. 7A
1.4
77-85
2
7
72-82
77 .3A
1.3
7 1.4B
3
5
66-79
2.2
4
71.0B
5
68-75
1. 5
F value
8.4
P value
0.009
aMeans within same designator (i.e., A or B) are not significantly different

Granulocytes %
Thrombocytes %
Meana
Meana SE
Range
SE
Range
ll.8B
1. 2
8- 15
7.3A
0.5
6-9
4- 10
15.4A
0.8
0 .9
7.3A
13- 19
18.4A
13-22
1.1
10.4B
1.4
7- 13
12-2 1
16.4A
1.2
11-15
12.6B
0.8
4 .2
7 .9
0.0189
0.0013
(P> 0 .05), Duncan's multiple range test.
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produced during growth of the bacteria on the skin leading to death
of the fish. Morrison et al. (1981) recorded saddleback lesions when
the organism was introduced by abrading the skin of Atlantic
salmon, but we could not see such lesions in fingerlings walleye. The
results of the present study demonstrate that skin abrasions from
rough handling or from body contact with rough surfaes can be
responsible for an outbreak of columnaris disease in walleye after
harvest, handling, transportation, unloading and stocking in rearing
tanks. Harvesting and transporting fish may cause surface damage in
the form of abrasions or lost scales, and physiological trauma manifest
in a decrease in the blood osmolality (loss of salt) (Lewis 1971).
Extensive gill damage was obvious in 3 fish (2 in group l and l in
group 2). Gill tissue was disorganized; there was lamellar separation,
areas of hemorrhage and infarcts. These findings are similar to those
described for columnaris disease in sockeye salmon (Pacha and Ordal
1967).
Myxobacterium responsible for "cold water" disease of fish has a
marked affinity for the renal glomeruli (Wood and Yasutake, 1956),
but the kidney is uncommonly infected with F. columnaris (Morrison
et al. 1981). In the present study, columnaris was isolated from the
kidney, but only in l fish and histologically the kidneys of infected
fish were similar to the controls.
Differential blood cell count showed significant increase in the
relative abundance of lymphocytes, a common host response to
infections (McCarthy et al., 1973; Alexander et al., 1980). The
relative abundance of thrombocytes decreased. This may be a response
to the abundance of lymphocytes or a rapid exhausti~n of thrombocytes used to stem the hemorrhage caused by the lesions.
Antibiotic sensitivity tests showed that the F. columnaris isolate was
resistant to triple sulpha (i .e., no measurable inhibition) and most
sensitive to tetracycline. The antibiotic sensitivity rest were similar to
findings by Bootsma and Clerx (1976). The isolate studied by Fijan
(1972) was resistant to ampicillin, and ampicillin also was the least
Fig. 7. Normal gill filament. Note the close adherence of epithelium effective antibiotic we tested. Fortunately, tetracycline, the most
(arrow) to the capillary bed.
effective antibiotic tested, is an approved antibacterial for use in feed
offood fish (Schnick 1988). Moore et al. (1990) found that vaccination, by immersion in a dilution of a bacrerin, reduced the severity of
ence in the means between the infected and control groups, but the but did not eliminate F. columnaris epizootics in channel catfish.
differences in the means within the infected and control groups were
not significant.
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DISCUSSION
Previous experience with experimental transmission of Flexibacter
columnaris has been highly variable, and often unsuccessful, because
the virulence of the organism is rapidly attentuated in culture. In the
present study, a frozen but viable sample, when thawed and subcultured, was still virulent. We think that the organism retained its
virulence because the culture used for transmission was only 18-h old.
Transmission of columnaris requires a susceptible host and an exogenous (environmental) source of the bacterium; injured (scratched)
controls did not develop columnaris infections. F. columnaris is not
commonly found on the epidermis of fish because the mucous
covering inhibits bacterial growth (Seiburth, 1975 ). Mechanical
injury seems to be a predisposing factor in the presence of the virulent
pathogen. A scratch or abrasion on the integument allows the
pathogen to penetrate and infect the underlying tissue, as reported by
Morrison et al. (1981) on Atlantic salmon Sa/mo salar.
Major pathological alterations were noted in sections of the skin of
group l fish. Severe tissue damage indicates that mechanical injury
can lead to focal areas of necrosis and bacteremia (Morrision et al.
1981; Ferguson 1981). Pacha and Ordal (1967), while studying the
virulence of F. columnaris in sockeye salmon (Oncorhynchus nerka),
suggested that a diffusible necrotising (proteolytic) substance was

The authors are indebted to Mark Eimers, National Veterinary
Services Laboratory, USDA, Ames, Iowa, for providing the initial
bacterial culture. Mark Eimers, Matteo Cardella, Gary Marty and
Terrance Wilson reviewed the manuscript. Terrance Wilson examined
the tissue section and gave us advice on histopathology. R. Myers
provided helpful suggestions during the course of the experiments.
We are also thankful to Ping-Chen Young for assistance with data
analysis.

REFERENCES
ALEXANDER, N . , R .M . LAURS, A. MCINTOSH , and S. W. RUSSELL.
1980. Haematological characteristics of albacore, Thunnus alaunga (Bonnaterre), and skipjack, KatJUwonus pelamis (Linnaeus). J . Fish Biol.
16:383-395.
AMEND, D.F. 1970. Myxobacterial infections of salmonids: prevention and
treatment. Pages 258-265 in Snieszko, editor, A Symposium on diseases
offishes and shellfishes. American Fisheries Society, Washington, D .C.,
Spec. Pub. No. 5.
ANACKER, R.L. , and E.J. ORDAL. 1959. Studies on the myxobacterium
Chondrococcus columnaris. I. Serological typing . J . Bacteriol. 78:25-32.
AUSTIN, B., and D .A. AUSTIN. 1987. Bacterial fish pathogens; disease in
farmed and wild fish. Halsted Press, N.Y.
BOOTSMA, R., andJ.P.M. CLERX. 1976. Columnaris·diseaseofcultured
carp Cyprinm carpio L. , characteristics of the causative agent. Aquaculture
7:37 1-384 .

98

)OUR. IOWA ACAD. SCI. 98( l99 1)

CHEN, C.R.L. , Y.Y. CHUNG, and G.H. KUO . 1982. Studies on the
pachogenicity of Flexibacter columnaris. 1. Effect of dissolved oxygen and
ammonia on the pachogenicicy of Flexibacter columnaris to eel (Anquilla
japonica). Council for Agricultural Planning and Development (sic,
Council of Agriculture , Taipei , Taiwan), Fisheries Series N o. 8. Reports
on Fish Disease Research 4:57-61.
DAVIS, H .S. 1922. A new bacterial disease of freshwater fishes. U.S. Bur.
Fish. Bull. 38:261-280.
DAVIS. H.S. 1949. Cytophaga columnaris as a cause of fish epidemics. Trans.
Amer. Fish. Soc. 77: 102-104 .
FERGUSON, H . W . 1989. Systemic pathology of fish : A text and atlas of
comparative tissue responses in diseases of celeoscs . Iowa Scace Univ.
Press, Ames, Iowa.
FIJAN, N .N . 1972 . Infectious dropsy in carp-a disease complex. Pages 3951 in L.E . Mawdesley-Thomas , editor. Diseases of fish. Academic Press,
London.
JOHNSON , H .E., and R .F. BRICE . 1952. Observations on columnaris in
salmon and trout. Prog. Fish-Cult . 14: 104-109.
LEWIS , S.D . 1971. Research on stress problems associated with harvest ,
handling and transport of fishes . Pages 49-54 in Proceedings of North
Central Warmwacer Fish Culture-Management Workshop, January 2 122, 197 1. Iowa Cooperative Fishery Unit , Iowa State Univ., Ames , Iowa.
MCCARTHY, D .H ., J.P. STEVENSON , and M.S. ROBERTS. 1973.
Some blood parameters of the rainbow trout (Sa/mo gairdneri Richardson).
1. The Kamloops variety. J . Fish Biol. 5: 1-8 .

MOORE , A.A. , M.E. EIMERS and M.A. CARDELLA. 1990 . Attempts to
control Flexibacter columnaris epizoocics in pond-reared channel catfish by
vaccination . J. Aquatic Animal H ealth 2: 109-111.
MORRJSON, C., J . CORMICK, G . SHUM , and B. ZWICKER. 198 1.
Microbiology and histopachology of 'saddleback' disease of underyearling
Atlantic Salmon , Sa/mo Safar L. J . Fish Dis . 4:243-258.
NICKUM , ). G. 1978. Intensive culture of walleyes: the state of the arr.
Am . Fish Soc. Spec. Pub!. 11 : 187- 194.
NICKUM, J.G . 1986. Walleye . Pages 115- 126 in R .R . Stickney, editor.
Culture of nonsalmonid freshwater fishes. CRC Press, Inc., Boca Raton,
Florida.
NIGRELLI , R. F. , and S. H . HUNTER . 1945 . The presence of a myxobaccerium Chondrococcus columnaris (Davis) Ordal and Rucker (1944) on
Fundulm heteroclitm (Linn). Zoologica 30: 10 l-104.
PACHA, R.E., and E.J. ORDAL. 1967. Histopachology of experimental
columnaris disease in young salmon. J . Comp. Pacho!. 77:4 19-423.
POST, G. 1987. Textbook of fish health . T.F.H . Publications, Inc.,
Neptune Ci ty, N.J .
SCHNICK, R.A. 1988. The impetus to reg ister new cherapeucants for
aquaculture. Prog . Fish-Cult . 50: 190-196.
SIEBURTH, J.M . 1975. Microbial seascapes . Univ. Park Press, Baltimore,
Maryland .
WOOD , E.M. , and W.T. YASUTAKE . 1956. Histopathology of kidney
disease in fish . Am. J . Pacho!. 32 :845-857.

