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ABSTRACT Plasrnacytoid leukernia (PL) is a lymphoproliferat~ve disorder that affects netpen-reared 
chlnook salmon Oncorhynchus tshawytscha in British Co lumb~a ,  Canada The only diagnostic test for 
PL IS histologic evaluation of suspect fish Monoclonal ant~bodles  (h4Abs) previously reported to react 
with tissues of PL-affected fish were used in a quantitative i nd~rec t  fluorescence antibody (IFA) test 
These MAbs ieacted with a 75 kDa antigen that IS highly expressed in tissues of flsh with PL Using 
experimentally ~nfected  fish, the sensitivity specificity, and predic t~ve values of the IFA test were corn- 
paled to those of the standard h~stologic test The 1FA test was deteimined to have a sensitivity of 72 %, 
xvhich was significantly higher than that of histologic examination, and could detect expeilmental 
~nfectlon at 3 wk post-lnlection, earlier than histologic examination The sensitivity and practicality of 
the IFA test will enable it to be a useful screening test for the detection of PL 

K E Y  \VORDS: Plasmacytoid leukemia . Chinook salmon Oncorhynchus tshawytscha Indlrect fluor- 
escence antibody test 

INTRODUCTION 

Plasmacytoid leukemia (PL) has been diagnosed in 
netpen-reared chinook salmon Oncorhynchus tsha- 
wytscha in British Columbia, Canada, since 1988 (Kent 
et al. 1990). The disease is characterized by prolifera- 
tion and infiltration of cells described as plasmablasts 
within hemopoietic tissues, particularly kidney and 
spleen, and non-hemopoietic tissues, especially liver, 
lamina propria of posterior intestine, and retrobulbar 
tissue (Kent et al. 1990). PL can be experimentally 
transmitted to chinook salmon (Kent & Dawe 1990) as 
well as other species of salmonids (Newbound & Kent 
1991) by a single intraperitoneal injection of tissue 
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homogenates prepared from infected fish. Experimen- 
tally infected fish typically show clinical signs of PL 
(Kent et al. 1990) and die within 16 wk post-injection. 

Although the etiology has yet to be proven, recent 
work supports the hypothesis of Kent et al. (1990) that 
PL is caused by an  oncogenic retrovirus. Kent & Dawe 
(1993) demonstrated transmission of PL by injecting 
cell-free filtrates, and Eaton & Kent (1992) showed sig- 
nificant levels of reverse transcriptase activity associ- 
ated with virus particles having a morphology and 
buoyant density consistent with known retroviruses. 
Eaton & Kent (1992) named the retrovirus associated 
with PL as salmon leukemia virus (SLV). 

The test currently available to diagnose PL is histo- 
logic evaluation of affected fish (Kent et  al. 1990, New- 
bound & Kent 1991) but it has 3 important lin~itations. 
First, many naturally and experimentally infected fish 
are concurrently infected with Renibacterium salmoni- 
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narum, the etiologic agent of bacterial kidney disease 
(BKD). BKD is characterized by diffuse, multi-organ, 
granulomatous inflammat~on (Bruno 1986) making the 
histologic diagnosis of PL challenging. Second, experi- 
mentally infected fish sampled at less than 4 tvk post- 
injection rarely exhibit the full set of criteria (Kent & 
Dawe 1993) necessary to make a histologic diagnosis 
of PL. These 2 limitations cause the present diagnostic 
procedures for PL to be relatively insensitive. The third 
limitation is that histologic examination of tissue sec- 
tions is a relatively slow and expensive method of diag- 
nosing fish diseases, which is one reason it has not 
been possible to determine the prevalence and eco- 
nomic impact of PL. 

We h.ave previously produced 2 monoclonal anti- 
bodies (MAbs) which reacted, by immunofluores- 
cence, with an antigen present in the cytoplasm and 
plasma membrane of plasmablasts, monocytes, granu- 
locytes, and platelets of infected fish (Newbound et al. 
1993). The reactive cells were demonstrated within 
tumour tissue imprints from kidney, spleen, and 
retrobulbar tissues made from fish naturally and ex- 
perimentally infected with PL. The 2 objectives of the 
present study were to identify and initially character- 
ize the antigen that is recognized by the PL-reactive 
MAbs, and to compare a quantitative MAb-based in- 
direct fluorescence antibody (IFA) test with histologic 
methods for PL detection. 

MATERIALS AND METHODS 

Establishment of infection and sampling of fish. 
Approximately 300 chinook salmon (70 g) were 
injected intraperitoneally with 0.5 m1 of pooled tissue 
homogenate made from kidneys and spleens of PL- 
positive fish as previously described (Kent & Dawe 
1990, Newbound & Kent 1991). The donor fish were 
naturally infected, with full clinical and histopatholog- 
ical expression of PL. Three donor fish were used and 
thelr kidneys and spleens were removed, frozen for 
brief storage, and then homogenized in saline (1 part 
tissue : 5 parts saline). Approximately 200 fish were 
not injected and used a.s controls. The fish were 
obtalned from a PL-free freshwater hatchery (Rosewall 
Creek Hatchery, Department of Fisheries and Oceans) 
located on Vancouver Island, British Columbia, 
Canada. The injected fish were housed m six 650 1 
tanks with approximately 55 fish per tank. Control fish 
were kept in two l500 1 tanks at a density of approxi- 
mately 250 fish per tank. All fish were supplied with 
filtered seawater at ambient temperature. The flsh 
were arbitrarily dipnet-sampled by the schedule 
shown in Table 1 The sampling intervals of major 
interest were Weeks 1, 4 and 7 .  In excess of 30 fish 

Table 1 Numbers of ~njec ted  and non-~njected Oncorhynch~ls 
tshawytscha sampled by week post-~nlection 

Week Non-injected 
-- 

1 45 
2 10 
3 10 
4 34 
5 10 
6 10 
7 44 

Injected 

were collected for each of those weeks. Smaller 
samples were taken at Weeks 2,  3, 5, 6 and 8 only to 
determine if some brief temporal events in antigen 
expression were occurring which might later become 
covert. The study was terminated at 8 tvk post- 
injection due to an epizootic of BKD. This epizootic 
resulted in fewer fish being sampled during the latter 
period of the experiment. 

Purification of antigen. Murine IgGl MAb was pro- 
duced in vitro as previously described (Newbound et 
al. 1993). Immunoglobulin was purified from tissue cul- 
ture fluids using an affinity column containing Protein 
G Sepharose 4 Fast Flow beads (Pharmacia, Baie 
d'urfe, Quebec, Canada). Purified antibodies were 
used to prepare an immunoaffinity column according 
to the manufacturer's instructions (ImmunoPure 
Ag/Ab Immobilization Kit #3, Pierce, Rockford, IL, 
USA). Ten milligrams of purified MAbs in 1.0 m1 of 
sodium phosphate buffer (20 mM), pH 7.0, were used 
according to the protocol. 

Total cellular proteins were prepared from pooled 
kidney and spleen tissues (2.94 g) from an experimen- 
tally infected chinook salmon following methods of 
Harlow & Lane (1988). Detergent lysis of monolayer 
cultures was accomplished using octylphenol-ethylene 
oxide (NP-40, Sigma, St. Louis, MO, USA) lysis buffer 
(150 mM NaCl, 1% NP-40, 50 mM Tris buffer), pH 8.0, 
with 100 pg ml-' phenylmethylsufonyl fluoride 
(Sigma). 

Protein extracts were centrifuged at 10000 X g for 
10 min at 4OC. Supernatant was removed and dialysed 
overnight at 4OC, with 2 changes of Tris buffer (50 mM) 
containing the detergent sodium deoxycholate (0.535L). 
The proteins were then dialysed for 24 h at 4°C against 
sodium phosphate bu.ffer (20 mM), pH 7.0, with 4 
changes of buffer. The detergent-purified proteins 
were stored at 4°C for 1 h before immunoaffinity purifi- 
cation. 

Immunoblotting (Western blotting) was used to 
determine reactivity of the PL-reactive MAbs with 
the following protein preparations: detergent-purified 
prote~ns before the immunoa.ffinity column; detergent- 
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purified proteins eluted from the immunoaffinity 
column; SLV proteins purified by continuous sucrose- 
gradient density centrifugation and sodium dodecyl- 
sulfate polyacrylamide gel elecrophoresis (SDS-PAGE) 
(Eaton & Kent 1992); proteins from infected tissue puri- 
fied by discontinuous sucrose-gradient density cen- 
trifugation (Eaton & Kent 1992); and a whole-cell 
preparation of Renibacterjum salmoninarum. Controls 
included PL-reactive MAbs against an  irrelevant bac- 
terial protein (Flexibacter sp.) ,  and irrelevant murine 
IgG, MAbs with the above protein preparations. SDS- 
PAGE was performed on a Mini-Protean I1 slab cell 
electrophoresis unit (Bio-Rad, Richmond, CA, USA) 
according to the manufacturer's protocol. After SDS- 
PAGE, proteins were electrophoretically transferred to 
a 0.45 pm nitrocellulose membrane according to 
manufacturer's instructions (Bio-Rad Mini-protean I1 
device). 

Immunoblots were performed following the proce- 
dure of Harlow & Lane (1988). The nitrocellulose mem- 
brane was blocked overnight at  4OC with 2 %  bovine 
serum albumin in Tris-buffered saline (TBS) (20 mM 
Tris and 500 mM NaCl), pH 7.5. The membrane was 
incubated with 20 pg ml-l of the purified antibody in 
TBS for 30 min, and then washed with 0.05% Tween 
20 (J.T. Baker Chemical Co., Phillipsburg, NJ, USA) in 
TBS for 15 min. Secondary antibody was rabbit anti- 
mouse IgG (Fc specific) conjugated with alkaline phos- 
phatase (Jackson ImmunoResearch Laboratories, West 
Grove, PA, USA) diluted 1 : 1000 in 2 % bovine serum 
albumin in TBS and incubated for 30 min. The mem- 
brane was washed as before. The substrate Ip-nitro- 
blue tetrazolium chloride, and 5-bromo-4-chloro-3- 
indolyl phosphate in 70% dimethylformamide) was 
prepared according to manufacturer's specifications 
(BIo-Rad) and was incubated with the membrane until 
lines were visible in approxin~ately 15 min. 

Protein samples were run on duplicate gels. One gel 
was used for immunoblotting, while the second was 
silver-stained for total protein detection (Silver Stain 
Kit for Polyacrylamide Gels #AG-25 and AG-5, Sigma). 

Carbohydrate detection of the protein eluted from 
the immunoaffinity column was performed using the 
GlycoTrack Carbohydrate Detection Kit (K-050, 
Oxford Glycosystems, Rosedale, NY, USA) using the 
protocol for proteins transferred to a nitrocellulose 
membrane. 

Indirect fluorescence antibody test. Fish were killed 
by spinal severance and 1 cm3 sections of posterior kid- 
ney and spleen were dissected. These sections were 
used to make 6 imprints from each organ on Shandon 
12-well multispot microscope slides (John's Scientific, 
Dartmouth, N.S., Canada). One slide was used per fish 
and 6 kidney imprints were placed in the top row of 
wells while the 6 spleen imprlnts were placed in the 

lower 6 wells. The imprints were air dried and immedi- 
ately fixed with a 60:40 acetone: 100% ethanol solu- 
tion at -20°C for 10 min, and were stored at -70°C with 
a desiccant. 

The IFA test was performed as  previously described 
(Newbound e t  al. 1993). The primary and  secondary 
antibodies were incubated for 30 min each and washes 
were for 10 min each. Primary antibody consisted of 
hybridoma tissue culture supernatant as previously 
described (Newbound et al. 1993). The secondary anti- 
body was rabbit anti-mouse IgG+A+M (H+L) conju- 
gated with fluorescein isothiocyanate (Zymed Labora- 
tories, San Francisco, CA, USA). The primary MAbs 
were incubated on 4 of the 6 imprints of each organ as 
follows. The first imprint (1 of 6) was incubated with 
positive polyclonal sera from immunized mice (New- 
bound e t  al. 1993) as a positive control. The second 
imprint (2 of 6) was incubated with culture fluids from 
the myeloma cell line used for the original fusion and 
was the negative control. The next 2 imprints (3 and  4 
of 6) were incubated with the first MAb and the last 2 
imprints (5 and 6 of 6) with the second MAb. 

The slides were blindly read (G.C.N.) in the follow- 
ing manner. After confirmation of the positive and neg- 
ative controls on each slide, 10 randomly chosen f~elds  
at 400x magnification were selected from each of the 8 
tissue imprints incubated with the MAbs. All fluoresc- 
ing cells in the chosen fields were subjectively given a 
numerical score of 1, 2 or 3 corresponding to the level 
of fluorescence exhibited by each cell, and  the scores 
for each imprint were totalled. The fluorescence scores 
from each of the 8 imprints were then totalled (80 fields 
per slide) to give a total fluorescent score per slide. 

Histopathology. Sections of posterior kidney, spleen, 
liver, pyloric cecae, and posterior intestine were dis- 
sected from each fish during the time that the tissue 
imprints were being made. These tissues were fixed in 
Davidson's solution (Humason 1979). The samples 
were prepared for routine histologic examination and 
stained with hematoxylin and eosin using standard 
procedures. The stained sections were blindly read 
(G.C.N.). A fish was considered histologically positive 
if characteristic plasmablasts (Kent et  al. 1990) we]-e 
observed in large numbers in the renal interstitium 
and in any non-hemopoietic organ. The histologic def- 
inition of PL used in this study is the same one used for 
diagnostic and research purposes (Kent & Dawe 1993). 

Histologic detection of BKD was based on the 
description by Bruno (1986). Briefly, BKD was diag- 
nosed by the observation of random, multifocal to coa- 
lescing granulonias within l or more of the sampled 
tissues. 

Statistical analysis. We used injection status of an 
individual fish as the indicator of the true infective 
state of that fish. This decision was based, on previous 
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work on experimentally transmitted PL (Kent & Dawe 
1990, Newbound & Kent 1991) which indicates that the 
majority of lnjected fish become infected wlth PL. We 
believe that experimental infection best establishes 
known populations of positive fish. 

Continuous data obtained using the IFA test were 
transformed to dichotomous (i.e. positive and negative) 
data allowing comparison with the dichotomous histo- 
logic results. A receiver-operator characteristic (ROC) 
curve (Sackett et al. 1985, Spangler et al. 1992) was 
constructed to determine the total fluorescence score 
that optimized sensitivity and specificity of the IFA 
test. 

Using dichotomous data for the 2 tests, sensitivity 
and specificity were calculated as described by Sackett 
et al. (1985). The estimated sensitivities were used to 
calculate fish-level and farm-level predictive values at 
different prevalence levels (Martin et al. 1992). The 
fish- and farm-level positive predictive values denote 
the probability that an individual fish or farm truly is 
affected by PL given that the individual fish, or at least 
1 fish in the sample from the farm, tests positive. The 
flsh- and farm-level negative predictive values denote 
the probability that an individual fish or farm truly is 
free from PL given that the individual fish, or no fish in 
the sample from the farm, tests negative. 

Disagreement between the IFA test and histologic 
testing was evaluated by performing a McNemar's chi- 
squared analysis (Glantz 1987) using the BMDP statis- 
tical software program (Dixon et al. 1988). Fish from 
which both IFA and h~stologic results were not avail- 
able were not included In these comparisons. 

Because the MAbs used in the IFA test were raised 
by injecting Balb/c mice with lysed tumour tissue 
(Newbound et al. 1993) and not the purified etiologic 
agent of PL, it was possible that we also inoculated the 
mice with contaminating Renibacterium salmoni- 
narum. To determine if the IFA results were related to 
R. salmoninarum, or to inflammation associated w ~ t h  
the bacterium, a log-llnear analysis of IFA outcome, 
histological outcome, and BKD diagnosis was per- 
formed (Thorburn et al. 1982/1983, Norman & Streiner 
1986) uslng the BMDP statistical software package 
(Dixon et al. 1988). 

RESULTS 

Antigen determination and characterization 

To ident~fy the antigen recognized by the PL-reac- 
tive MAbs, we performed immunoblots on proteins 
extracted from tumour tissue of infected fish. 
Immunoblots indicated that the MAbs reacted with a 
75 kDa band in the detergent-purified and in the d ~ s -  

Fig. 1 Representative immunoblot utilizing PL-reactive 
monoclonal antibodies (Lanes 2 to 5) and an isotype control 
(Lane 1). Lanes 1 and 4 contain detergent-purified Onco- 
rhynchus tshawytscha tumour tissue, Lane 2 contains a total 
protein preparation of Renibacteriu.m salrnon~narum, Lane 3 
contains salmon leukemia virus proteins, and Lane 5 contains 
discontinuous sucrose-gradient purified tumour tissue. The 
75 kDa protein band is present in Lanes 4 and 5, whereas no 

reactive proteins are evident in Lanes 1 through 3 

continuous sucrose-gradient purified protein lanes, but 
did not react with protein preparations of Renibac- 
terium salmoninarum nor with SLV proteins purified 
by continuous sucrose-gradient density centrifugation 
and SDS-PAGE (Fig. 1) .  In addition to the 75 kDa pro- 
tein band, a slightly smaller band. was variably visual- 
ized in the discontinuous sucrose-gradient purified 
lanes. We assumed that this smaller molecular weight 
band was due to protease degradation of th.e 75 kDa 
band because a protease inhibitor was not i.ncluded 
during this preparation, whereas one was included in 
the detergent-purified samples. Controls included an 
irrelevant munne IgGl MAb that recognizes Flexibac- 
ter sp. This irrelevant MAb did not react with any of 
the protein preparations tested (Fig. 1, Lane 1). 

A 75 kDa protein was eluted from the immunoaffin- 
ity column which was detected by the PL-specfic 
MAbs. Staining of the protein eluted from the 
immunoaffinity column with the carbohydrate stain 
did not reveal any bands. This suggests that the pro- 
tein was non-glycosylated. 
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Indirect fluorescence antibody test 

After determining the antigen to which the PL-reac- 
tive MAbs react, we utilized the MAbs in an IFA test 
and blindly compared IFA test results to histologic 
diagnoses of injected and non-injected fish. We found 
that the IFA test was more sensitive than histologic 
methods, whereas histologic testing was more specific 
(Table 2).  Additionally, the IFA test was also able to 
detect at least 50% of the injected fish starting at 3 wk 
post-injection, whereas histologic testing first detected 
positive fish at 4  wk post-injection (Fig. 2) and in only 
11% (4 of 36) of the fish. 

The ROC curve indicated that the total fluorescence 
score of 21 optimized both sensitivity and specificity for 
the IFA test. Overall, the IFA results yielded a sensitiv- 
ity of 72% and a specificity of 76% (Table 2). Con- 
versely, histologic analysis yielded a sensitivity of 32 % 
and a specificity of l00 % (Table 2). Comparison of the 
IFA test results to histologic diagnoses of both the 

Table 2.  Oncorhynchus tshawytscha. Comparison of positive 
(+) and negative (-) indirect fluorescence antibody (IFA) and 
histologic (HIST) results for PL in Injected and non-injected 

fish 

Injected Non-injected Total 

IFA+ 93 25 118 
IFA- 37 81 118 - - 
Total 130 106 236 

I-EIST + 4 0 0 40 
HlST - 86 - 103 - 189 

Total 126 103 229 

IFA sensitivity: 93/130 = 72% 
IFA sensitivity: 81/106 = 76% 
HIST sensitivity: 40/126 = 36% 
HIST sensitivity: 103/103 = 100% 

Table 3. Oncorhynchus tshawytscha. Companson of positive 
(+) and negative ( - )  histologic results (HlST) with indlrect flu- 
orescence antibody test (IFA) results for PL, in all fish (top part 

of table) and in injected-only fish (bottom part) 

HIST + HIST - Total 

1FA+ 32 8 1 113 
IFA- 8 108 116 

- - 
Total 4 0 189 229 

IFA + 
IFA - 
Total 

Week post injection 

Fig. 2. Comparison of histologic diagnoses (HIST) and indirect 
fluorescence antibody (IFA) test results for PL by week post- 

injection 

injected and control fish revealed a McNemar's chi- 
squared statistic of 59.88 (p  i 0.001) (Table 3) .  There- 
fore the 2 tests were significantly different at predict- 
ing injection status of the fish. McNemar's chi-squared 
analysis was also performed on the histologic and IFA 
results of only the injected fish (Table 3). This analysis 
yielded a statistic of 36.94 (p < 0.001) which indicated 
that, again, the tests perfol-med significantly differ- 
ently at predicting injection status of the injected fish, 
and hence had significantly different sensitivities. A 
similar statistical comparison of the histologic and the 
IFA results of the non-injected fish was not performed 
since the specificity of the histologic analysis was 
100 %, and thus one of the cells in the 2 X 2 table would 
have had a value of zero (Glantz 1987). 

The positive and negative predictive values at 
various prevalence levels for the 2 tests are listed in 
Table 4. Histologic testing yielded positive predictive 
values of loo%, given that the specificity is l00 Yo. The 
fish-level and farm-level positive predictive values for 
IFA were substantially lower than those for histologic 
testing, particularly when the fish- and farm-level 
prevalences were low. However, IFA testing produced 
higher negative predictive values than did histologic 
testing, particularly when the prevalence of affected 
fish or farms was high (Table 4 ) .  

The contingency table for the 3 factors, injection sta- 
tus, IFA result and BKD diagnosis, is presented in 
Table 5. Initial screening of the data by chi-squared 
analysis indicated that: (1) injection and IFA, and 
(2) injection and BKD were associated (p < 0.001), 
whereas (3) IFA and BKD were not associated 
(p = 0.69). A log-linear model including the association 
between injection and IFA and the association 
between injection and BKD provided a good fit to the 
data (using the likelihood ratio chi-squared, p = 0.92) 



128 Dls aquat.  Org. 21: 123-130, 1995 

Tdble 4 Oncorhynchus tsharv!jtscha. Positive (PPV) and negative (NPV) predictive values of the indirect fluorescence antibody 
(IPA) test and histologic diagnoses (HIST) of PL at  differing Intra- and ~nter-farm level prevalences Pred~ctive values for histo- 
logic testing are  based on specificity = 0.999. Farm-level pred~ctivc vales are based on calling the farm posltlve if 1 or more fish 

test positive 

Diagnosis Proportion of Prevalence within 
level PL-positive farms PL-positivc farms 

Fish Not applicable 

Farm 0.05 

Number ol 
fish tested 

IFA IFA 
PPV NPV 

HIST HIST 
PPV N PV 

Adding the association between IFA and BKD to the 
model did not significantly improve the fit of the model 
(p > 0.6). These results indicate that within each of the 
2 groups of fish (injected and non-injected), IFA result 
and  presence of BKD were independent of one 
another. Hence, fish with BKD were  neither more nor 

Table 5. Oncorhynchus tshawytscha. Comparison of positive 
(+) and  negative (-) histologic detection of BKD, indirect fluo- 
rescent antibody (IFA) test results, and injection status of fish 

Injected Non-injected Total 

BKD+ IFA+ 80 10 90 
BKD+ IFA- 3 3 35 

- - 
68 

Total 113 4 5 158 

BKD- IFA+ 12 14 26 
B K D  IFA- 4 44 48 

- - 
Total 16 5 8 74 

Partial association between injection (I), IFA result (F), 
and BKD diagnosis (K): 

Effect Chi-squared P 

I and  F 45.61 <0.0001 
I and K 43.09 <0.0001 
F and K 0.16 0.6915 

Fit of log-linear model of I, F, and K: 

Model Likelihood ratio P 
chi-squared 

-- 

I and F 83.93 <0.0001 
I and F, I and K 0.18 0.9157 
I and F, I and K,  F and K 0.02 0.8913 

less likely to yield a positive IFA result than were fish 
without BKD. Also, the absence of a 3-way interaction 
between injection status, IFA, and BKD indicates that 
the association between injection status and IFA result 
was not influenced by BKD status. 

DISCUSSION 

The murine IgG, MAbs used in the IFA test reacted 
with a non-glycosylated 75 kDa protein. The pattern of 
fluorescence indicated that this protein was expressed 
at  high levels in the kidneys and spleens of the major- 
ity of fish experimentally infected with PL. The origin 
of this antigen was not determined. Possibilities 
include that the MAbs are reacting against viral pro- 
teins, or proteins associated with proliferation or differ- 
entiation such as  gene products of cellular oncogenes. 

Although the MAbs did not react with highly puri- 
fied protein preparations of SLV in the instance of the 
continuous sucrose-gradient density centrifugation 
and SDS-PAGE purification, the lack of reaction does 
not rule out the possibility that the 75 kDa antigen may 
be a viral protein, in particular an  envelope proteln. In 
other retroviral systems, for example Human T-cell 
Lymphotropic Virus Type-I (HTLV-I), polyclonal anti- 
bodies recognizing retroviral envelope proteins in situ 
have been shown not to react with purified protein 
(Anderson et al. 1989). It may be that the envelope pro- 
tein of HTLV-I needs to be presented in association 
with soluble celIular lysate in order to be recognized 
by the antibodies. Such may be the case for the 75 kDa 
antigen reactive with our MAbs because cellular pro- 
teins would be associated with the detergent-purified 
proteins and the proteins purified by discontinuous 
sucrose-gradient centrifugation, but not wi.th vlral pro- 



Newbound et al . .  MAb-based IFA test for plasmacyto~d leukemia 129 

teins purified by continuous sucrose-gradient centrifu- 
gation. Additionally, this phenomenon is more likely to 
occur using MAbs as opposed to polyclonal antibodies. 

The observation that the MAbs react against several 
morphologically distinct cells (Newbound et  al. 1993) 
is consistent with the MAbs having specificity for viral 
proteins, since other retroviruses, for example Feline 
Leukemia Virus, Human Immunodeficiency Virus 
Type-I and HTLV-I, infect more than 1 cell type. Addi- 
tionally, the observation that the PL-reactive MAbs did 
not react with proteins isolated from Renibacterium 
salmoninarum, and log-linear analysis demonstrating 
that the expression of the antigen is not associated with 
the inflammatory reaction evident with BKD, are fur- 
ther evidence that the 75 kDa antigen is specific for PL. 
Further work is necessary to test the hypothesis that 
the 75 kDa antigen is viral envelope protein; however, 
this hypothesis does explain the previous data. 

Comparison of the IFA test with the histologic results 
indicated that the IFA test was significantly more sen- 
sitive than histologic detection, and could detect PL 
earlier in the course of experimental infection. There 
are 3 reasons for the observed greater sensitivity of the 
IFA test compared with histologic diagnosis. First, 
results indicated that the reactive antigen was ex- 
pressed earlier during experimental transmission of PL 
than were morphologic changes that fulfilled estab- 
lished diagnostic criteria for the disease. Much of the 
increased sensitivity of the IFA test, then, is due  to its 
ability in predicting infection prior to morphologic 
changes. Second, the IFA test was not affected by con- 
current BKD, whereas in this study and a previous 
study (Newbound & Kent 1991), the presence of BKD 
diminished the ability to diagnose PL using histopatho- 
logic methods. Lastly, because PL is a newly described 
disease, the various histologic patterns of PL have not 
been fully determined. Thus a histologic diagnosis of 
PL must at  present be  based on the standard morpho- 
logic definition of the disease currently in the literature 
(Kent & Dawe 1993). Adhering to this strict definition 
of disease causes the histologic method to be a less 
sensitive but conversely a more specific test. 

We have estimated the sensit~vity and specificity of 
the IFA test and histologic testing in experimentally 
infected fish and have based our discussion on these 
estimates. It is premature to assume that these esti- 
mates may be extrapolated to the general population 
of chinook salmon. Sensitivity values may prove to be 
quite different in naturally infected fish. To obtain a 
precise estimate of specificity will probably require 
testing several thousand fish (Martin 1984). Indeed, in 
an  earlier study, we obtained a specificity estimate of 
100% in a population of chinook salmon from Ontario, 
Canada (Newbound et al. 1993), whereas in this study 
our estimate was much lower. 

The reason for the lower specificity in this study is 
unclear Our approach to estimating the specificity of 
the IFA test was to use a population of chinook salmon 
that had no history of PL. Because there is no way at  
present to determine the true PL status of any popula- 
tion, we used injection status as our definition of dis- 
ease. Therefore non-injected fish that tested positive 
were statistically treated as false positives, resulting in 
a fairly low estimate of specificity. Clearly we need to 
determine the true PL status of various populations of 
fish before we can determine the accuracy of our speci- 
ficity estimates for the IFA test. Also, in quantitative 
tests such as our IFA test, there will often be an  overlap 
in the distribution of test values between negative and 
positive populations. Hence, it is not unexpected to 
have a small population of animals testing falsely neg- 
ative as well a s  falsely positive (Martin 1984). 

In considering the usefulness of diagnostic tests, it is 
important to examine predictive values. Generally, one 
finds that tests with high sensitivities a re  more useful 
when prevalence is high and  tests with high specifici- 
ties are  more useful when prevalence is low. For 
instance, a farmer who wished to screen broodfish for 
PL would want to cull all the fish that test positive. If 
the farmer has an  excess of broodfish, culling an  occa- 
sional non-infected fish (false positive) is not a particu- 
larly important error. It is more important that a fish 
that tests negative is truly free of PL. Hence the IFA 
test would be the appropriate test particularly if a large 
proportion of the broodfish were PL-positive. The 
superior farm-level negative predictive value of the 
IFA test would also make this the appropriate test if 
samples of fish were being tested for PL status prior to 
transfer to other facilities, particularly if the prevalence 
of PL at  the farm level was high. However, as the use of 
the IFA test alone would lead to approximately half of 
the negative lots being falsely identified as positive 
(given a farm-level prevalence of 50%),  it would be 
important to use histologic diagnostic methods as a 
confirmatory test in samples that tested positive. At 
present, IFA testing would be quite limited as a fish- 
level screening test in populations with low PL preva- 
lence, or as a farm-level screening test in areas in 
which only a small proportion of farms are affected 
with PL. 

An IFA test was developed to diagnose PL due to the 
practicality of this technology for the aquaculture 
industry. The IFA procedure is one that is extensively 
used by fish health workers for detection of Renibac- 
terium salmoninarum (Evelyn et  al. 1981). Thus, fish 
health professionals a re  familiar with the technical 
aspects of an  IFA test, and  most well-equipped labora- 
tories, farm sites, and hatcheries have the equipment 
and personnel to perform such a test. An IFA test for PL 
would be more rapid to perform and interpret, and be 
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less expensive than histopathologic diagnostic meth- 
ods. We recognize that histopathologic methods can be 
quantified much in the same way as the IFA test. How- 
ever, morphometric analysis is even more time con- 
suming and costly than normal histologic interpreta- 
tion and tnus would be extremely impractical as a 
diagnostic tool. Therefore, we compared a method for 
interpreting IFA results that could be adapted for rou- 
tine screening in conjunction with the histopathologic 
diagnostic methods currently used to diagnose PL. Fur- 
ther work must be  completed, however, to standardize 
the IFA test between diagnostic laboratories before 
this test can be used on a large scale in the aquaculture 
industry. 
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