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ABSTRACT: Enteric septicemia of catfish (ESC) and columnaris disease are 2 bacterial diseases
significantly affecting the aquaculture industry, and thus rapid diagnosis of disease is imperative for
making judicious management decisions. A rapid indirect fluorescent antibody (IFA) test with anti-
body conjugated fluorochromes having 2 different spectral properties (Alexa Fluor 488-emitting
green fluorescence, and Alexa Fluor 594-emitting red fluorescence) was compared with bacterio-
logical culture (accepted standard) for simultaneous detection of Edwardsiella ictaluri (EI) and
Flavobacterium columnare (FC) in 3 groups of experimentally infected channel catfish (Ictalurus
punctatus Rafinesque), and a fourth group that acquired an aquarium-infection with F. columnare. A
total of 303 samples (derived from kidney, brain and nares) from 101 fish were concurrently exam-
ined by both tests. Fish in the 3 experimentally infected groups (I to III) were culture positive for the
bacteria with which they were infected, and fish in Group IV, (the spontaneously infected fish)
revealed F. columnare only. The IFA test compared favorably in sensitivity (EI = 80.7 %; FC = 87.2 %)
and specificity (EI = 83.9 %; FC = 88.9 %) with the standard bacteriological culture. The positive pre-
dictive value (EI = 96.2% Group I, 90.8% Group II, 93.7% Groups I and II combined; FC = 95.2%
Group II, 95.3% Groups II, III and IV combined) was high, while the negative predictive value (EI =
66.7 % Group I, 31.3% Group II, 59.5% Groups I and II combined; FC = 73.7% Group II, 72.7%
Groups II, IIT and IV combined) was relatively low. The IFA test will serve as an efficient tool for rapid
simultaneous detection of E. ictaluri and F. columnare in outbreaks of disease.
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INTRODUCTION

Edwardsiella ictaluri and Flavobacterium columnare
are 2 major bacterial pathogens that cause a devastating
economic impact on the fish farming industry (Thune &
Stanley 1993, USDA 2003). Although the disease symp-
toms differ, the morbidity and mortality resulting from
infections by these organisms are significantly high
(National Animal Health Monitoring System, available
at: www.aphis.usda.gov/vs/ceah/cahm/aquaculture/
catfish1.pdf). E. ictaluri, belonging to the Enterobacteri-
aceae family, causes enteric septicemia in the channel
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catfish Ictalurus punctatus Rafinesque and infrequently
infects other food fishes (Plumb & Sanchez 1983) and
some ornamental species (Humphrey et al. 1986). F.
columnare, previously known as Flexibacter columnaris
(Bernardet & Grimont 1989), belongs to the family
Flavobacteriaceae (Bernardet et al. 1996, Schrecken-
berger et al. 2003), is comprised of 3 or possibly 4 distinct
genogroups (Arias et al. 2004), and causes columnaris
disease (Plumb 1999). Compared to E. ictaluri, which is
an obligate pathogen predominately infecting ictalurid
species, F. columnare has a broader host range, with
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recorded infections in over 36 species of fishes through-
out the world (Anderson & Conroy 1969). Both organisms
are ubiquitous in intensive aquaculture environments,
and environmental stresses, including poor water qual-
ity, high stocking density and inadequate pond aeration
contribute to disease outbreaks (Thune & Stanley 1993,
Wise et al. 1993). Both organisms also thrive between
20 and 28°C, making spring and autumn the most
conducive periods for outbreaks of disease in intensive
catfish farming regions (Durborow et al. 1998; Office
International des Epizooties [OIE] 2003, available at:
www.oie.int/eng/normes/fmanual/A_00029.htm). Char-
acteristic visible symptoms have been described, but are
not pathognomonic. Therefore, clinical identification of
the etiologic agents is required.

Bacterial culture on selective or nonselective media
and biochemical characterization has traditionally
been employed for microbial diagnosis (OIE see: www.
oie.int/eng/normes/fmanual/A_00029.htm). However,
culture techniques require several days for a definitive
diagnosis. Immunological techniques such as the ag-
glutination test (Plumb & Vinitnantharat 1989) and
enzyme-linked immunoassay (ELISA) (Waterstrat et al.
1989, Klesius 1993, Shoemaker et al. 2003) have been
used with limited success, partly due to the paucity of
commercially available reagents for aquatic species
and the lack of standardized procedures. Innovative
molecular biological techniques have recently found a
place as more reliable and accurate means for diagno-
sis of enteric septicemic disease of catfish (ESC) (Bader
et al. 1998, Bilodeau et al. 2003) and columnaris dis-
ease (Bader et al. 2003, Welker et al. 2005), but these
techniques are costly, demand precise methodology,
and require skilled personnel. Since ESC and colum-
naris disease are the 2 main causes for high morbidity
and mortality in farm raised catfish Ictalurus puncta-
tus, the focus of this study was to develop a rapid, sen-
sitive test using a combination of antibody-conjugated
fluorochromes for simultaneous detection of Edward-
siella ictaluri and Flavobacterium columnare in
infected fishes.

MATERIALS AND METHODS

Fish husbandry and maintenance. Juvenile channel
catfish (~5 to 8 g), were obtained from disease-free
stock (National Warmwater Aquaculture Center, Strain
103), reared at our laboratory and tested negative
by bacteriological culture for Edwardsiella ictaluri,
Flavobacterium columnare and other common catfish-
pathogenic bacteria (E. tarda, Aeromonas hydrophila,
Streptococcus iniae, and Yersinia ruckeri). The fish were
maintained in 185 1 glass aquaria with flow-through
declorinated tap water, constant aeration, a water-

temperature range of 26 + 2°C and a 12:12 h light:dark
photoperiod. A commercial diet (Aquamax Grower 400)
was fed daily to satiation. The fish were acclimated un-
der these conditions for 2 wk prior to the experiments.
At the beginning of the experiments, the fish were
moved to separate housing, randomized into separate
treatment groups, and maintained as described above.

Infection of fish and sample collection. Samples
for bacteriological examination and for the indirect
fluorescent antibody (IFA) tests were derived from 3
experimental groups of fish, and a fourth group that
spontaneously succumbed to an aquarium-acquired
columnaris disease. Group I comprised fish that were
maintained in a cross-protection study and immunized
and challenged as follows: (1) We immunized 25 fish
(~8 to 10 g in weight) with Edwardsiella ictaluri ATCC
(American Type Culture Collection) Type Strain 33202.
For immersion-immunization, 15 ml of a broth culture of
E. ictaluri (ATCC-33202) containing ~1 x 10° colony
forming units (CFU) ml~! were added to 15.1 1 of water
containing the fish and allowed to remain in contact for
15 min. The fish were subsequently removed and re-
turned to the aquaria and monitored for 28 d. On Day 28,
the fish that remained alive were challenged by immer-
sion with a broth culture of E. ictaluri (AL 93-58, an iso-
late from a diseased catfish in Alabama). We added 40 ml
of broth culture containing ~2 x 10 CFU ml™! to 4 1 of
water containing the fish, which were left for 30 min. Fol-
lowing challenge, the fish were returned to their aquaria
and monitored for 21 d. (2) A second batch of 25 fish
were similarly immunized with E. ictaluri ATCC-33202
and challenged as above with E. ictaluri (EILO), an iso-
late from a walking catfish Clarias batrachus in Thailand
(Kasornchandra et al. 1987). (3) A third batch of 25 fish
were treated with sterile broth and challenged with
E. ictaluri AL 93-58, and (4) a fourth batch, of 25 fish
were treated with sterile broth and challenged with E. ic-
taluri, EILO. (5) A batch of 25 fish was maintained as an
uninfected control. The immunization and challenge
procedures were similar in Batches 1 to 5, and only the
dead fish following challenge were sampled. Group II,
Batch1, consisted of 15 (~8 to 10 g) catfish that were in-
fected by intraperitoneal (i.p.) injection of broth culture
containing approximately equal numbers (~1 x 10° CFU
ml?Y) of E. ictaluri AL 93-58 and Flavobacterium
columnare ARS-1 (isolated in 1996 from a catfish at the
USDA, Aquatic Animal Health Research Unit, Auburn,
Alabama). Each inoculum was administered separately
in a volume of 100 pl per fish. Group II, Batch 2, consisted
of 12 fish that were injected i.p. with a mixture contain-
ing 1 x 10° CFU ml™! of both E. ictaluri AL 93-58 and
F. columnare ALG-530 (isolated in 2000 from a channel
catfish at the Alabama Fish Farming Center, Greens-
boro, Alabama) in a volume of 100 pul per fish. Group III
consisted of 12 (~8 to 10 g) catfish that were infected by
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i.p. injection of 100 pl of a broth culture of ~1 x 10°
CFU ml ! of F. columnare ARS-1. Group IV consisted of
15 catfish (~5 to 7 g) that died of spontaneously acquired
columnaris disease in a separate aquarium.

Except for the control fish in Group I, Batch 5, which
were euthanized wusing tricaine methanesulfonate
(Western Chemical) at a concentration of 100 mg 1! of
water prior to sample collection, fish in all other groups
were sampled after death from bacterial infection. For
bacterial culture, the external surface of the fish was
swabbed with 70 % alcohol and samples collected with
a 1 pl sterile loop from the dissected kidney, brain and
nares. In parallel, for microscopic examination, impres-
sion smears were made on glass slides from the same
3 tissues. Controls included smears made from known
pure cultures of Escherichia coli, Yersinia ruckeri,
Edwardsiella tarda, Pseudomonas aeruginosa, and
Aeromonas hydrophila. Smears from known positive
cultures of Edwardsiella ictaluri and Flavobacterium
columnare, devoid of primary antibody treatment,
were also included as controls in the IFA tests. Bac-
teriological culturing was done independently by 1
observer, while the IFA tests were performed and eval-
uated by a second observer. Thus, all evaluations were
conducted blind.

Bacterial culture and identification. Samples col-
lected from the kidney, brain and nares were streaked
on Shieh agar (Shieh 1980), modified by replacing
peptone with tryptone (Difco) and omitting the supple-
ments BaCl,-H,O, K, HPO,, NaCl, KCl and Mn for
selective isolation of Flavobacterium columnare. For
isolation of Edwardsiella ictaluri, Shotts selective
medium (Shotts & Waltman 1990) was used. Gram-
stained smears from agar-grown colonies were exam-
ined microscopically and 10% of isolates (selected
randomly) were examined for the biochemical charac-
teristics described for each species, F. columnare (De-
costere et al. 1998) and E. ictaluri (Farmer 2003). Iso-
lates were also randomly examined for their fatty acid
methyl ester profiles and compared with standard pat-
terns determined for each bacterium (Klesius et al.
2003, Shoemaker et al. 2005).

Polyclonal and monoclonal antibodies. Polyclonal an-
tiserum against Flavobacterium columnare ARS-1 was
prepared by immunization of goats according to the pro-
cedure described by Triftshauser et al. (1970), with mod-
ifications. Briefly, F. columnare ARS 1 grown in Shieh
broth was harvested by centrifugation at 3000 x g for
15 min and sonicated with a sonifier (Branson) on ice for
60 s. The total protein content was measured spectro-
photometrically (Smith et al. 1985) using the bicinchronic
acid (BCA) protein assay reagent kit (Pierce Biotechno-
logy) and adjusted to 1 mg ml™! with sterile phosphate
buffered saline (PBS), pH 7.2. We immunized 3 adult
male goats with 100 mg ml™! each of the antigen emulsi-

fied with an equal volume of Freund's complete adjuvant
(Sigma), administered by subcutaneous injection. The
goats were bled at 16 d following immunization, and the
individual producing the highest antibody titer to 18
representative isolates of F. columnare (measured by
ELISA: Shoemaker et al. 2003) was booster immunized
with the antigen emulsified in Freund's incomplete adju-
vant (Sigma) on Days 19 and 40 following primary immu-
nization. Blood was collected 1 wk after the final immu-
nization from the jugular vein using a hypodermic
syringe, and the serum was separated by centrifugation
at 1000 x g for 8 min. The serum immunoglobulin IgG
fraction was purified by immunoaffinity chromatography
using a Protein G antibody purification column (Pierce).
The purified anti-F. columnare IgG was used as primary
antibody in the IFA test. The monoclonal antibody
(MAD) specific for Edwardsiella ictaluri, AA224, was
developed at the Aquatic Animal Health Research Unit,
Auburn, Alabama, by Klesius & Horst (1991). Tissue cul-
ture fluid containing the MAb was concentrated by filtra-
tion through stirred cell (Amicon) membrane filtration
units and used as primary antibody in the IFA test.
Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and immunoblotting. SDS-
PAGE was carried out by the procedure of Laemmli
(1970) using Criterion (Bio-Rad) precast, 10 to 20 % lin-
ear gradient slab gels. Briefly, whole bacteria (Edward-
siella ictaluri or Flavobacterium columnare and other
select bacteria) were suspended in Laemmli sample
buffer (2% w/v SDS, 1 M Tris HCI pH 6.8, 10% v/v
glycerol and 0.005% w/v bromophenol blue) and
boiled for 1 to 2 min. We loaded 30 pl of each sample
at a protein concentration of ~830 pg ml! onto the
gel followed by electrophoresis at 175 V (constant
voltage) at 15°C for ~1.5 h. Unstained gels containing
the resolved polypeptides were electroblotted onto
nitrocellulose membranes according to the method
of Towbin el al. (1979), using a Criterion (Bio-Rad)
electroblotting unit with a setting of 100 V for 30 min.
Nitrocellulose membranes containing the protein blots
were equilibrated for 30 min in StartingBlock (Pierce)
blocking buffer, rinsed, and treated with 1:100 dilution
of the MAb AA224 for probing E. ictaluri blots and
polyclonal goat anti-F. columnare diluted 1:2000 for
probing F. columnare blots. Horseradish peroxidase-
conjugated rabbit anti-mouse, immunoglobulin IgG or
horseradish peroxidase-conjugated rabbit anti-goat
IgG (Jackson ImmunoResearch) at a dilution of 1:10 000
was used as secondary antibody. Specific antibody-
bound epitopes were detected by treating the blots
with the chromogenic substrate 4-chloro-1-naphthol
(Bio-Rad). Additionally, blots made from protein pro-
files of select fish-pathogenic organisms (Aeromonas
hydrophila, Streptococcus iniae, Yersinia ruckeri, Ed-
wardsiella tarda) were also probed with the MADb
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AA224 or polyclonal goat antiserum to detect any
crossreactivity.

Immunofluorescence staining and microscopy. Im-
pression smears made on glass Fluoro slides (Erie
Scientific) with two 15 mm circles, were air dried and
heat fixed. Each circle was flooded with 50 pl of the
primary antibody MAb AA224 (diluted 1:100 in PBS)
and incubated for 45 min. The slides were rinsed
3 times with PBS, air dried and the circles flooded with
50 pl of polyclonal goat anti-Flavobacterium colum-
nare antibody (diluted 1:10 in PBS) and incubated
for 45 min. The slides were rinsed as before, air dried,
flooded with a mixture of fluorochrome-conjugated
secondary antibodies (Alexa Fluor 488-conjugated
rabbit anti-mouse IgG and Alexa Fluor 594-conjugated
rabbit anti-goat IgG, yielding green and red fluores-
cence respectively, Molecular Probes), diluted 1:400
in PBS, and incubated for 45 min. All incubation steps
were carried out at room temperature under subdued
light. The slides were rinsed as above, air dried and
mounted with cover slips fixed with Gel/Mount (Bio-
meda). Slides were examined with a Nikon Eclipse
800 M epifluorescence microscope (Nikon) fitted with
51006 FITC/Texas Red, blue /green dual band excita-
tion and emission filter combinations. Digital images
were captured with a charge coupled device (CCD)
camera using the ‘Spot Advanced' program (Diagnostic
Instruments). A minimum of 20 fields per smear were
examined at 1000x magnification with a 15 to 20 min
observation time per slide. Slides made from smears of
Edwardsiella ictaluri mixed with other select Gram-
negative organisms were stained as above and exam-
ined with an Olympus BX41 epifluorescence micro-
scope (Olympus) fitted with a CytoViva’®® (Aetos
Technologies) illumination device to demonstrate fluo-
rescence positive and negative bacteria within the
same field.

Tabulation of observations and statistical analysis.
The bacteriological culture (BC) and IFA test results
were tabulated for each sample and the total number
of samples positive and/or negative for each bacterium
(i.e. Edwardsiella ictaluri and/or Flavobacterium colum-
nare) over the total number of samples in each experi-
mental group (I to IV) was recorded. Validation of the
results was based on the calculation of diagnostic
sensitivity and specificity associated with the positive/
negative categorical data using the 2-way (2 x 2) table
described in the manual of diagnostic tests for aquatic
animals (OIE see www.oie.int/eng/normes/fmanual/
A_00029.htm). The relative efficiencies of the IFA test
were determined by using the BC as the standard. Sam-
ple pairs that were both BC-positive and IFA-positive
were considered to be true positive (TP), BC-negative
and IFA-positive pairs were false positive (FP), BC-
positive and IFA-negative pairs were false negative
(FN) and sample pairs that were BC-negative and IFA-
negative were regarded as true negative (TN). Test sen-
sitivity (Sens), specificity (Spec) and predictive values
were calculated as: Sens = [TP/(TP + FN)] x 100, Spec =
[TN/(TN + FP)] x 100; positive predictive value (PPV) =
[TP/(TP + FP)] x 100, and negative predictive value
(NPV) = [TN/(TN + FN)] x 100. The Z-test (Snedecor &
Cochran 1989) was used for statistical analysis of data
and a p-value of <0.05 was considered significant.

RESULTS

A total of 303 samples (derived from kidney, brain
and nares) from 101 fish were examined in parallel by
bacteriological culture and the IFA test for Edward-
siella ictaluri (EI) and Flavobacterium columnare (FC).
All bacteriological culture and IFA test results are pre-
sented in Table 1. Isolates were readily differentiated

Table 1. Ictalurus punctatus infected with Edwardsiella ictaluri (EI) and Flavobacterium columnare (FC). Bacteriological culture

and indirect fluorescent antibody (IFA) test results for respective fish groups. Values are no. of samples positive. n: no. of fish

sampled. Group I, Batches 1 to 4: immersion-immunized and challenged with E. ictaluri, Batch 5: non-immunized control; Group

II, Batch 1 and 2: intraperitoneally injected with E. ictaluri and F. columnare; Group III: i.p. injected with F. columnare; Group IV:
spontaneously acquired infection with F. columnare

Group Batch n Bacteriological culture IFA test
Kidney Brain Nares Kidney Brain Nares
EI FC EI FC EI FC EI FC EI FC EI FC
Group I 1 5 5 0 5 0 4 0 5 0 3 0 3 0
2 6 6 0 6 0 5 0 6 0 4 0 5 0
3 10 10 0 10 0 8 0 9 0 5 0 7 0
4 14 14 0 14 0 9 0 13 0 10 0 8 0
5 12 0 0 0 0 0 0 0 0 0 0 0 0
Group II 1 15 15 15 13 6 13 14 15 15 8 5 12 13
2 12 11 12 10 6 8 11 12 10 9 7 9 12
Group III 12 0 9 0 9 0 5 0 10 0 6 0 5
Group IV 15 0 15 0 6 0 9 0 13 0 3 0 8
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by culture as belonging to EI or FC on the basis of their
morphological appearance on selective media, Gram-
stain characteristics, and the distinctive biochemical
characteristics of each bacterium. The fatty acid methyl
ester profiles further established the identity of each
bacterium. Although occasionally commensal organ-
isms were isolated on the culture media, these organ-
isms were readily distinguished from EI and/or FC on
the basis of the above tests. All fish in Group I, Batches
1 to 4, that died (n = 35) following experimental infec-
tion with E. ictaluri, yielded E. ictaluri from at least 1 of
the 3 tissues sampled. A majority of the isolations were
made from the kidney (n = 35) and brain (n = 35), with a
moderate number (n = 26) of positive cultures from the
nares. The samples that were positive by IFA test for
the same group were 33 kidney, 22 brain and 23 nares.
As expected, no F. columnare were detected in this
group by either method. The control fish in Group I,
Batch 5 (n = 12), were negative for both organisms by
bacteriological culture and IFA test. In Group II,
Batches 1 and 2, E. ictaluri and F. columnare were iso-
lated by culture from the following samples: kidney,
EI=26, FC = 2%, brain, EI= 23, FC = 12; nares, EI =21,
FC = 25. The same 3 sites when tested by the IFA test
yielded results that were somewhat similar (kidney,
EI=27, FC = 25; brain, EI= 17, FC = 12; nares, EI =21,
FC = 25). Group III fish that were experimentally
infected with F. columnare were positive for F. co-
Ilumnare only, as were fish in Group IV, which acquired
spontaneous columnaris disease in a separate aquar-
ium (Table 1). Epifluorescence microscopy revealed E.
ictaluri as plump rods displaying an apple-green fluo-
rescence color (stained with Alexa Fluor 488) (Fig. 1a),
while F. columnare appeared as slender rods emitting a
reddish fluorescence (stained with Alexa Fluor 594)
(Fig. 1b). Smears that were positive for both E. ictaluri
and F. columnare revealed the specific bacteria stained
green or red with the respective fluorochromes (Fig.
1c). Smears made from known cultures of Escherichia
coli mixed with Edwardsiella ictaluri (Fig. 2) and
Yersinia ruckeri mixed with F. columnare (Fig. 3) re-
vealed fluorescence specifically for the organisms
against which the primary antibodies were developed.
Some degree of fluorescence was observed with Ed-
wardsiella tarda in smears of E. ictaluri mixed with E.
tarda and probed with MAb AA224 (Fig. 4). However,
E. tarda emitted faint green fluorescence in contrast to
the bright apple-green fluorescence emitted by E. ic-
taluri, which is readily distinguishable (Fig. 4).

The antigenic profile of 9 Edwardsiella ictaluri iso-
lates probed with MAb AA224 and 9 Flavobacterium
columnare isolates probed with polyclonal goat anti-F.
columnare antibodies are shown in Figs. 5 & 6 respec-
tively. MAb AA224 reacted with epitopes distributed
at apparent molecular mass positions of 70 and 12 kDa

10_pm

Fig. 1. Ictalurus punctatus. (a) Impression smear of brain tissue from
fish infected with Edwardsiella ictaluri, emitting apple-green fluores-
cence of Alexa Fluor 488; (b) impression smear of kidney tissue from
fish infected with Flavobacterium columnare, emitting reddish fluo-
rescence of Alexa Flour 594; (c¢) impression smear of kidney tissue
from fish simultaneously infected with E. ictaluri (emitting green fluo-
rescence of Alexa Fluor 488) and F. columnare (emitting reddish fluo-
rescence of Alexa Fluor 594). All under epifluorescence microscopy
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Fig. 2. Edwardsiella ictaluri and Escherichia coli. Smear from pure cultures mixed and treated with MAb AA224 and Alexa Flour 488-
conjugated second antibody. (a) E. ictaluri (arrows) emitting apple-green fluorescence, viewed with FITC/Texas Red, blue/green
band-pass filters ‘on’; (b) E. coli (arrows) in same field, viewed under white-light, with band-pass filters 'off’

in E. ictaluri and uniformly present among all isolates
tested (Fig. 5), indicating that the MADb was able to
detect a spectrum of E. ictaluri isolates. The polyclonal
goat anti-F. columnare antibodies reacted strongly
with an epitope at 66 kDa that was present among all
isolates tested, and also reacted with variable epitopes
distributed at molecular mass positions between
50 and 25 kDa among the 9 F. columnare isolates
(Fig. 6). Thus, the anti-F. columnare antibodies react
with different isolates of F. columnare. Blots of protein
profiles of select fish-pathogenic organisms (Aero-
monas hydrophila, Streptococcus iniae, E. tarda and

Fig. 3. Flavobacterium columnare and Yersinia ruckeri. Smear from pure cultures
mixed and treated with polyclonal goat anti-F. columnare antibodies and Alexa
Flour 594-conjugated second antibody. (a) F. columnare (arrows) emitting red
fluorescence viewed with FITC/Texas Red, blue/green band-pass filters ‘on’;
(b) presence of Y. ruckeri (arrows) in same field, viewed under white-light, with

band-pass filters 'off’

Yersinia ruckeri) probed with MAb AA224 (Fig. 7), or
polyclonal goat anti-F.columnare antibodies (Fig. 8)
reacted specifically with the antigens of the homolo-
gous species of bacteria against which the respective
antibodies were made.

The relative efficiency of the IFA test compared to
bacteriological culture (accepted standard) for Ed-
wardsiella ictaluri and Flavobacterium columnare is
summarized in Tables 2 & 3. Since EI was the only
organism detected in Group I, Batches 1 to 4, and EI
and FC were both detected in Group II, Batches 1 and
2, the efficiency of the IFA test for detection of EI was
analyzed independently from that of
FC (Table 2) and the efficiency of the
IFA test for detection of FC among the
3 groups, II (Batches 1 and 2); III
and IV, were analyzed separately
(Table 3). Thus, the estimated sensitiv-
ity for EI was 80.7 % (95 % confidence
interval [CI] = 73.9 to 86.4 %). For test-
ing the null hypothesis (Hy) that true
sensitivity <75 %, the p-value was 0.05
and the estimated specificity for EI
was 83.9% (95% CI = 71.7 to 92.4 %).
For testing the null hypothesis that
true specificity <75%, the observed
level of significance was p = 0.08. The
estimated sensitivity of the IFA test for
detection of FC (Groups II, III and IV)
was 87.2% (95% CI = 79.7 to 92.6 %).
For testing the null hypothesis that
true sensitivity <75%, the observed
level of significance was p = 0.001. The
estimated specificity was 88.9% (95 %
CI = 75.9 to 96.3%). For testing the
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Fig. 4. Edwardsiella ictaluri and E. tarda. Smear from pure

cultures mixed and treated with MAb AA224 and Alexa Flour

488-conjugated second antibody. E. tarda emitted faint green

fluorescence in contrast to bright apple-green fluorescence of
E. ictaluri, which is readily distinguishable

null hypothesis that true specificity <75%, the ob-
served level of significance was p = 0.018. Overall, the
PPV ranged between 90.8 and 96.2 % for EI, while the
NPV ranged between 31.3 and 66.7%. For FC, PPV
ranged between 95.2 and 95.3% and NPV between
72.7 and 73.7 %.

DISCUSSION

ESC (66.6% of operations), columnaris disease
(50.4 % of operations) and winter kill (32.9 % of opera-
tions) are the 3 most prevalent fish diseases in the USA
(USDA 2003). Monetary losses attributed to disease
range in the millions of dollars each year (Shoemaker

KDa MWt 1 2 3 4 5 6 7 8 9
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Fig. 5. Immunoblot of Edwardsiella ictaluri isolates. Lane 1:
016-S99-1911; 2: 017-S99-1914; 3: 013-S99-1908; 4: 033-S99-
1760; 5: S-94-1051; 6: ALG-03-189; 7: ALG-03-190; 8: ALG-
99-407; 9: ALG-03-192 probed with MAb AA224. Antigenic
epitopes at apparent molecular mass positions of 71 and
12 kDa were detected in all isolates. Recombinant Precision
Plus (BioRad) prestained molecular weight markers (MWt)
are shown in Lane MWt
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250
150

100
75

50
37

25
20

15

10 P2

Fig. 6. Immunoblot of Flavobacterium columnare isolates.

Lane 1: HS; 2: ARS-1; 3: ATCC-23463; 4: BioMed; 5: IR;

6: MS-02-475; 7: LSU; 8: GZ; 9: MS-02-467 probed with poly-

clonal goat anti-F. columnare antibodies. Prominent epitope

at apparent molecular mass position of 66 kDa was detected

in all isolates, as were variable epitopes at other positions.
MWT: molecular weight markers

et al. 2002). Since ESC and columnaris disease have
been reported from countries where intensive aqua-
culture is practiced (Austin & Austin 1999, Plumb 1999)
it is reasonable to believe that disease due to Edward-
siella ictaluri and Flavobacterium columnare has great
economic impact on the aquaculture industry world-
wide. In freshwater aquaculture systems, fishes are
farmed under intensive management conditions, with
high stocking rates (15000 to 20 000 fish ha™!) and cov-
ering extensive pond acreages (Jack et al. 1992).
Under such conditions, the sudden outbreak of disease
and its unchecked spread would be economically dev-
astating, particularly because fish farmers operate
within narrow profit margins and even a modest drop
in production could be a threat to the viability of farms.
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Fig. 7. Immunoblot of selected bacteria probed with MAb

AA224. Lane 1: Edwardsiella ictaluri ALG-03-189; 2: E. icta-

luri ALG-03-190; 3: Flavobacterium columnare ARS-1; 4: F.

columnare LSU; 5: Aeromonas hydrophila K106K; 6: A. hy-

drophila C1B; 7: Streptococcus iniae; 8: E. tarda; 9: Yersinia

ruckeri. MAb-recognized antigens of E. ictaluri are shown
in Lanes 1 and 2. MWt: molecular weight markers
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Fig. 8. Immunoblot of selected bacteria probed with poly-

clonal goat anti-Flavobacterium columnare antibody. Lanes

as in Fig. 7. Antibody-recognized antigens of F. columnare
are shown in Lanes 3 and 4

Thus, measures to aid the rapid diagnosis of disease
are vital to allow for timely management decisions, an
example being surveillance, to prevent the spread of
infection from pond to pond or to neighboring farms,
for rapid salvaging of uninfected stock, and for imple-
menting preventative measures.

The IFA test has served as a rapid and efficient pro-
cedure for the diagnosis of several bacterial (Desmonts
et al. 1990, Nakamura & Bylund 199%), viral (Takimoto
et al. 1991, Madeley & Peiris 2002) and parasitic
(Mayer & Palmer 1996, Belem & Pote 2001) diseases.
Traditionally, culture techniques have been the stan-
dard against which other tests have been compared. In
this study we compared bacteriological culture with
the IFA test for simultaneous detection of Edwardsiella
ictaluri and Flavobacterium columnare in 3 groups of
experimentally infected catfish and a 4th group with

Table 2. Ictalurus punctatus infected with Edwardsiella ictaluri. Estimate of indirect fluorescent antibody (IFA) test efficiency

compared with bacteriological culture (BC) for respective fish groups (see Table 1 for treaments). TP: True positive (TP) = IFA

positive (+) and BC positive (+); FP: false positive (FP) = IFA positive (+) and BC negative (-); FN: false negative (FN) = [FA

negative (-) and BC positive (+); TN: true negative (TN) = IFA negative (-) and BC negative (-); Sens (sensitivity): conditional

probability that a unit of analysis has a positive test result, given that disease is present; Spec (specificity): conditional probability

that a unit of analysis has a negative test result, given that disease is not present; PPV: positive predictive value; NPV: negative
predictive value; Agreement: overall proportion correctly classified, (TP + TN)/N (Greiner & Gardner 2000)

Group IFA+ BC+ [IFA+BC- IFA-BC+ [IFA-BC- Sens Spec PPV NPV Agreement
Batch TP FP FN TN (%) (%) (%) (%) (%)
Group I
1 11 0 3 1 78.6 100.0 100.0 25.0 80.0
2 14 1 3 0 824 0.0 93.3 0.0 77.8
3 20 1 8 1 714 50.0 95.2 111 70.0
4 30 1 7 4 81.1 80.0 96.8 36.4 81.0
5 0 0 0 36 - 100.0 - 100.0 100.0
1-5 combined 75 3 21 42 78.1 93.3 96.2 66.7 83.0
Group II
1 35 0 6 4 854 100.0 100.0 40.0 86.7
2 24 6 5 1 82.8 14.3 80.0 16.7 69.4
1 + 2 combined 59 6 11 5 84.3 45.5 90.8 31.3 79.0
Groups I + II combined 134 9 32 47 80.7 83.9 93.7 59.5 81.5

Table 3. Ictalurus punctatus infected with Flavobacterium columnare. Estimate of IFA test efficiency compared with bacterio-
logical culture (BC). Abbreviations as in Table 2; treatments as in Table 1

Group I[FA+ BC+ IFA+BC- IFA-BC+ IFA-BC- Sens Spec PPV NPV Agreement

Batch TP FP FN TN (%) (%) (%) (%) (%)
Group II

1 32 1 3 9 914 90.0 97.0 75.0 91.1

2 27 2 2 5 93.1 71.4 93.1 714 88.9

1 + 2 combined 59 3 5 14 92.2 82.4 95.2 73.7 90.1
Group III 19 2 4 11 82.6 84.6 90.5 73.3 83.3
Group IV 24 0 6 15 80.0 100.0 100.0 714 86.7
Groups II, III, IV combined 102 5 15 40 87.2 88.9 95.3 72.7 87.7
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an aquarium-acquired spontaneous infection with F.
columnare. Of the 3 groups intentionally infected, all
fish tested by culture and IFA test yielded the homolo-
gous bacterium with which they had been infected. As
expected, the control uninfected fish were discerned to
be negative by both the culture and IFA tests. Some
commensal organisms that were distinct from E. icta-
luri and F. columnare appeared during culture, but
these did not display any cross reactions with the anti-
bodies used in the IFA test. Additionally, several Gram-
negative organisms (Escherichia coli, Yersinia ruckeri,
Pseudomonas aeruginosa, and Aeromonas hydrophila)
that are likely to be present in aquaculture environ-
ments were tested and found negative in the IFA test.
Faint fluorescence was observed with E. tarda, but this
could be readily distinguished from the bright green
fluorescence emitted by E. ictaluri. This may be due to
the presence of some epitopes shared between these 2
Edwardsiella species, which have been shown to pos-
sess a high degree of similarity (Panangala et al. 2005).
To ascertain that the antibodies were capable of de-
tecting a broad spectrum of E. ictaluri and F. colum-
nare isolates, representative isolates belonging to each
species were examined by immunoblotting. The anti-
bodies reacted with antigenic determinants present at
distinctive molecular weight positions in all homolo-
gous isolates of the respective species tested. Klesius &
Horst (1991), tested MAb AA224 against 8 bacterial
species associated with infections in channel catfish,
and observed specific reactivity with only E. ictaluri by
the indirect immunofluorescence assay. Among the
infected organs (kidney, brain and nares) sampled,
both E. ictaluri and F. columnare were detected more
frequently in the kidney compared to the brain and
nares. E. ictaluri homes into the kidney and brain
(Baldwin & Newton 1993, Nusbaum & Morrison 1996,
2002) following entry through the nares or gills.
Although columnaris disease has generally been noted
for its characteristic superficial lesions, systemic infec-
tion due to F. columnare has also been documented
(Hawke & Thune 1992, Koski et al. 1993) and it is likely
that in systemic infections, F. columnare are dissemi-
nated via the blood stream to internal organs (Pacha &
Ordal 1967, Thune & Stanley 1993).

The IFA test compared favorably in sensitivity
(EI=80.7%, FC = 87.2%) and specificity (EI = 83.9%,
FC = 88.9 %) with bacteriological culture. The PPV (i.e.
the conditional probability of disease) of the IFA test
was generally high, while the NPV (i.e. the conditional
probability of no disease) was relatively low. In the con-
text of sensitivity and specificity, the results of the pre-
sent study are within the range generally considered
efficient for diagnosis of disease (Greiner & Gardner
2000, Bouma et al. 2001). Ainsworth et al. (1986) com-
pared bacteriological culture with the IFA test for de-

tection of Edwardsiella ictaluri in experimentally in-
fected channel catfish and observed a 90.3 % correla-
tion between the 2 tests. The IFA test has also been
used for detection of E. ictaluriin channel catfish identi-
fied as asymptomatic carriers (Klesius 1992). Huh &
Wakabayashi (1987) observed a high degree of sen-
sitivity and specificity in the IFA test compared with
culture for detection of Flavobacterium spp. in both
experimentally and naturally infected fishes, and
Madetoja & Wiklund (2002) claimed that the IFA test
and the nested PCR technique were superior to the
agar plate culture technique for rapid detection of
F. psychrophilum in water samples from fish farms. The
IFA test used in the present study employed a com-
bination of antibody-conjugated fluorochromes (Alexa
Fluor 488 and Alexa Fluor 594) with distinctive spectral
properties for the simultaneous detection of E. ictaluri
and F. columnare in the same host specimen. Since
E. ictaluri and F. columnare are ubiquitous and could
cohabit the same aquatic environment, co-infections or
multiple infections in the same host by both organisms
are not unusual (Wagner et al. 2002). In an extensive
survey spanning 10 yr (1979 to 1988), the Mississippi
State fish-health diagnostic laboratories reported the
isolation of more than a single bacterial species in many
cases, with the occasional occurrence of multiple bacte-
rial pathogens (Jack et al. 1992). Realistically, a test with
the potential to rapidly detect multiple bacterial infec-
tions simultaneously would have a distinct advantage
over cultural techniques, which take approximately 2 to
4 d to achieve at a definitive diagnosis. Double im-
munofluorescence staining techniques have been used
for identification and simultaneous differentiation of
several species in the genus Clostridium (Batty &
Walker 1965) and for the rapid detection of multiple
respiratory viruses in clinical specimens (Landry & Fer-
guson 2000). Several innovative developments such as
specifically tailored filter sets for simultaneous detec-
tion of multiple fluorochromes, efficient means for re-
tarding fading during microscopy, and the potency and
specificity of antibody conjugates makes the IFA test an
efficient, versatile tool for rapid diagnosis of ESC and
columnaris disease.
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