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NOTE 

Flow cytometric analysis of infectious pancreatic necrosis virus 
attachment to fish sperm 
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ABSTRACT: Male populations of rainbow trout (Onco- 
rhynchus mykiss W.) from Spanish farms with repetitive out- 
breaks of infectious pancreatic necrosis (IPN) were investi- 
gated for the presence of the virus in milt samples. The 
analysis was done in parallel by CO-cultivation of sperm cells 
and seminal fluid on susceptible cell cultures and by flow 
cytometry, using an indirect immunofluorescence assay (IFA). 
Pools of sperm cells, stained at the moment the milt sample 
arrived at the  laboratory, approximately 14 h after collection, 
gave positive results for the presence of IPN virus by flow 
cytometry. The stained cells could be stored at 4 'C  for 48  h 
without loss of fluorescence. Allquots of the milt samples 
inoculated onto cell cultures produced cytopathic effects 
after 3 consecutive blind passages, usually 15 to 31 d post- 
inoculation.Our results confirm the attachment of IPN virus 
to the sperm cells and emphasize the importance of new 
methods, such as  flow cytometer analysis, to obtain rapid and 
quantitative information in experimental studies of vertical 
virus transmission. 

The infectious pancreatic necrosis virus (IPNV) is a 
member of the family Birnaviridae and is considered to 
be a nearly ubiquitous fish virus. Infection with IPNV 
produces high mortality rates in brook (Salvelinus 
fontinalis) and rainbow (Oncorhynchus mykiss) trout 
fingerlings. Young adults do not generally develop 
disease, despite virus multiplication occurring in some 
of their organs. Survivors of infection can remain life- 
long asymptomatic carriers of the virus and serve as  
reservoirs of infection. The virus is known to be trans- 
mitted via eggs (Wolf 1966) even if their external 
surface is disinfected (Bullock et al. 1976). 

Some experimental studies on the transmission of 
IPNV via sexual products have been done (Ahne & 

Negele 1985, Dorson & Torchy 1985) and the special 
importance of sperm in so-called 'vertical transmission' 
of fish viruses was determined by Mulcahy & Pascho 
(1984), Dorson & Torchy (1985), and Ahne et al. (1989). 
Hetrick (1989) remarked that milt samples have not 

been routinely subjected to viral analysis. However, 
the results of related works (Ahne 1983, Mulcahy & 
Pascho 1984) suggested that this analysis would be 
interesting in many cases. Mulcahy et al. (1987) also 
reported the isolation of infectious hematopoietic 
necrosis virus (IHNV) from milt, but not from spleen 
tissue of a number of steelhead trout Salmo gairdneri. 
All of these reports increase interest in sampling milt 
for viral diagnosis, or for the study of viral transmission 
strategies. The present work was carried out to test the 
ability of flow cytometry techniques to detect the asso- 
ciation of IPNV with sperm cells. 

Methods. Indirect immunofluorescence assays (IFA), 
traditionally used to detect viruses in a variety of cells 
(Shapiro 1985), were carried out with trout sperm 
samples and analysed by flow cytometry, keeping in 
mind the results of Mulcahy & Pascho (1984) which 
showed the attachment of viruses to the head mem- 
branes of spermatozoa. The automated system permits 
the analysis of several optical parameters including 
fluorescence emission, optical density and light scatter 
as  single or multiple parameters. In addition, the 
measurements are performed at times on the order of a 
few microseconds permitting valid statistical analyses 
of entire cell populations. 

The fish selected for study were obtained from 2 
rainbow trout farms with a repetitive history of IPNV. 
On the first farm, a total number of 38 males were 
tested from a population of 800 male fish of 1.5 yr age. 
Milt samples from 10 survivors of a population, un- 
equivocally established as IPNV carriers, were ob- 
tained from the second farm. Samples represented 
pools from 12 to 14 different fish (Farm 1) or 5 fish 
(Farm 2). Pools of milt were aseptically collected, main- 
tained a t  4 'C and transported to the laboratory, with 
the transport time being 14 h .  

0 Inter-Research 1993 



154 Dis. aquat. Org. 15: 153-156, 1993 

Samples were centrifuged for 10 min at 300 X g after 
which the seminal fluid and cell pellets were sepa- 
rately recovered and tested both by flow cytometry 
and by the standard procedures used for the isolation 
of virus in cell culture followed by serological confir- 
mation of its identity. First, aliquots of samples were 
prepared for indirect immunofluorescence staining 
and flow cytometry analysis. Milt samples from IPNV- 
free trout were processed in the same way and used as 
negative controls throughout the experiments. 

Spermatozoa were serially diluted in 500 p1 of 
phosphate buffered saline (PBS) containing 1 % foetal 
calf serum (FCS), fixed with 500 ,p1 cold formaldehyde 
(3.7 %) at 4 'C for 15 min, centrifuged (10 min at 
300 X g) and washed several times with PBS. The 
pelleted ceiis were acided to 500 pi uE purified IgG 
anti-IPNV (1 : 1000 dilution) gently resuspended and 
incubated for 30 min at  room temperature. After 
several washes with PBS-FCS, the second antibody 
(fluorescein isothocyanate goat 
anti-rabbit irnrnunoglobulin con- 
jugate, FITC-GAR; Sigma) was 

A 
added and incubated for 30 min 
at room temperature. 

Two more washes with PBS- 

binding of rabbit antiserum to sperm membranes might 
have been modified by the attachment of IPNV. 

Antisera to IPNV and VHSV sera were produced in 
rabbits (Hill et al. 1981) using purified virus produced 
on chinook salmon embryo (CHSE-214) cell mono- 
layers (ATCC CRL 1681). Immunoglobulins (IgG) were 
purified by passage through a column of protein A 
sepharose CL4B (Pharmacia Fine Chemicals). 

Results and discussion. The results of flow cytometry 
analysis of samples and negative controls, stained as 
soon as they arrived at the laboratory, are shown in 
Fig. 1. Percentages of fluorescent cells were automati- 
cally recorded by the cytometer. 

The stained cells in the controls were always less than 
2 % ranging from 1 to 1.75 % (a: 1 %; b: 0.7 to 1.2 %; c: 
I l.u C + -  l , ?  X; d: 1.55 ?L). We used the intersection nf t h e  

control and stained histograms as the marker between 
negative and positive zones. Samples 1 , 2  and 3 (Fig. 1A) 
gave 18.4, 13.2 and 7.95 % fluorescent cells respec- 

FCS were done to remove 1 1 1 1 1 1 
unbound second antibody and 
the fluorescence of the cellular 
suspensions was determined K 
by flow cytometry analysis in g 
an  EPICS CS (Coulter, Spain) 2 
equipped with an Argon ion 2 
laser, working at a wavelength 
of 488 nm and 200 mW output 
light. The following controls W 

were included to determine the 
background fluorescence and 
the non-specific binding of anti- 
IPNV rabbit serum to normal 
and IPNV carrier sperm: (a) 
IPNV-free sperm cells incu- 
bated only with the second anti- 
body, (b) IPNV-free sperm cells 
stained with both anti-IPNV 
rabbit serum and FITC-GAR, 
(c) spermatozoa from IPNV 
carrier fish stained with pre- 
immune rabbit serum and FITC- 
GAR; (d) additionally, spermato- 
zoa from IPNV carriers (Sam- 
ples 4 and 5) were processed by 
IFA staining with rabbit anti- 
serum against viral haemor- 
rhagic septicemia virus (VHSV) 
to determine if any non-specific 

FLUORESCENCE INTENSITY 

Fig. 1. Flow cytometry analysis of trout Oncorhynchus rnykiss spermatozoa, stained by 
indirect immunofluorescence. A polyvalent anti-IPNV rabbit serum was used as specific 
antibody and a commercial fluorescein-conjugated anti-rabbit IgG as the second anti- 
body. (A)  and ( B )  represent data obtained on different occasions from 2 different farms. 
Samples 1, 2 and 3 were from putative IPNV-carrier fish. Samples 4 and 5 were from a 
fish population unequivocally established as IPNV carriers. Fluorescence background 
and specificity controls were as described in the text: (a) spermatozoa stained only with 
the second antibody (percent fluorescent cells = 1); (b) uninfected spermatozoa stained 
with both antibodies (0.7 to 1.2%); (c) infected spermatozoa stained with a pre-immune 
rabbit serum as first antibody (1.6 to 1.7%); (d] Infected spermatozoa stained with an 
anti-VHS serum as first antibody (1.65%). In the histograms, the y-axis represents the 
relative number of cells having a particular intensity, and the x-axis is divided into 256 
channels and represents the amount of fluorescence. Samples differing in intensity from 

the controls were considered as posit~ve. 10 000 cells per sample were measured 
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tively. Samples 4 and 5 (Fig. 1B) gave values of Table 1. Results of CO-culturing sperm cells from IPNV-carrier trout On- 
21 and 15 %. According to these measure- corhynchus mykiss (samples 1 to 5) and IPNV-free trout (control) 

ments, the sperm samples from both IPNV- on CHSE-214 cell monolayers. CPE: cytopathic effects 

positive and carrier fish were identified by 
flow cytometry. The attachment of IPNV par- 
ticles to spermatozoa from the carrier trout was 
verified by inoculation onto CHSE-214 cell 
monolayers; aliquots of milt samples (pelleted 
cells and seminal fluid) were used to isolate 
and identify the virus. Cells were counted in a 
Neubauer chamber and diluted in medium 
with 2 % FCS and antibiotics (penicillin 100 IU 
ml-' and streptomycin 100 pg ml-') to concen- 
trations ranging from 1 X 103 to 1 X 107 cells 
ml-l. They were then assayed on CHSE-214 
cells using 6 wells per dilution. Seminal fluid 
was employed undiluted (200 p1 well-'). Iden- 
tification of the IPN virus was confirmed by 
seroneutralization after several blind passages 
as previously described (Rodriguez et al. 
1991). Flow cytometric analyses were also 
performed with CHSE-214 cells that had been 
CO-cultured with some sperm samples. The 
cells were stained by IFA when the first cyto- 
pathic effects (CPE) were visible. The results 
obtained are shown in Table 1. The percent- 
age of fluorescent cells increased from negli- 
gible levels (2 to 3 %) on the first day post- 
infection to 90 % when cytopathic effects 
became visible, confirming both the results 
obtained before CO-culture and the validity of 
the procedure used. 

The stained cells were kept at 4 'C for 48 h and Acknowledgements. This work was supported by the Centro 

Samples Passage Days after CPE Percent of fluorescent 
number first inocu- cells (measured by 

lation flow cytometry) 

1 - 0 18.4 (inoculum) 
1 7 (-1 3.0 
2 11 (+) 66.89 
3 15 (+) 96.14 

2 0 13.2 (inoculum) 
7 (-) 2.0 

14 (-) 2.0 
18 (-1 2.0 
28 (+l 92.89 

3 0 7.95 (inoculum) 
7 (-1 1.8 

14 (-1 1.8 
21 (-1 1.8 
28 (-1 1.8 
3 2 ( + l  81.55 

4 0 21.0 (inoculum) 
7 (-1 - 

15 (+ l  80.29 

5 - 0 15.0 (inoculum) 
1 7 (-1 - 
1 15 (+l  76.73 

Control 0 0.2 to 1.7 
1 7 (-1 
4 28 (-1 0.2 to 1.5 

measured again in the flow cytometer to check the 
stability of the processed samples at this time. The 
results were identical, indicating that a delay in 
flow cytometry analysis is possible without loss of 
fluorescence. 

In the present study, the spermatozoa analysed were 
pooled from several fish that were known to be, or not 
be, virus carriers. It is easy to stain a large number of 
milt samples for flow cytometric analyses, and to 
classify them as 'positive' or 'negative' according to the 
fluorescence emission, in only a few hours. Even indi- 
vidual fish could be tested. Because IPN is at the 
moment the only virus that causes important economic 
losses in Spanish trout farms, some experiments of this 
type are in progress, with the farmers' cooperation, to 
attempt to obtain IPN-free broodstocks which, once 
found, will be periodically tested for virus. Also, in 
vitro studies on virus-sperm interactions, providing a 
rapid and quantitative determination of virion binding 
to the sperm cells, would be useful in cytotoxic deter- 
mination~, virucidal assays and in the determination of 
inhibitory effects of compounds on virion attachment. 
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