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The ability of the different viruses stored under different
conditions to produce CPE after being reconstituted and
inoculated onto cells by the methods described previously was
determined and recorded in Table § - 8,

Table S. Survival of viruses, as ceen by the ability to produce
CPE after storage in S50% glycero!

Virus Number Numbe ! Positive Negative | Survival

Stored recor (%)
stitt

IPN VR299 8% 29 36 3 92,3

IPN AbD 72 33 24 Q TR, 7

IPN Sp 76 25 19 7 73,3

IHN 4 4 0 " -

VHS 3 3 0 3 -

Herpesvirus

salmonis “ 4 0 4 -

Table 6. S.rvival of viruces, as seen by the ability to produce

CFE after stosage by freezing at -20C,

Virus Number Number FPositive Negative | Survival
Stored recon- (%)
stituted

IPN VRZ%9 : 37 19 16 3 84,2

IPN Ab ! 42 16 14 2 87,5

IPN Sp 49 26 19 7 73.0

IHN 82 34 32 2 94,1

VHE 74 30 27 3 20,0
Herpesvirus

salmonis 18 5 a 1 8u,0
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Table 7. Survival of viruses, as seen by the ability to produce
CPE after storage by freezing in 1liquid nitrogen.

Virus Number Number Positive Negative | Survival

Stored recon- (%)
stituted

IPN VR299 32 17 17 0 10¢

IPN AD 10 6 6 0 100

IPN Sp 12 7 7 0 100

IHN 24 13 13 0 100

VHS 22 13 11 3 63,3

Herpesvirus

salmonis 7 2 2 0 100

Table 8. Survival of viruses, as seen by '’ ‘ty to produce

CPE after storage by freeze drying.

Virus Number humber Positive Negative | Survival

Stored recon- (%)
stituted

IPN VR299 ) 3 3 0 100,0

IPN Ab s 3 3 r 100,0

IPN Sp & 3 3 (0] 100,0

IHN S 3 3 (¢} 100,0

VHS S 3 3 0 100,0

Herpasvi,us

salmonis 5 2 2 0 100,0

&.d Virus titrations

The titres of the viruses were calculated by the 50% tissue
culture incidence level (TCID 50). All virus titrations were
done on 24 well plates as described above. An example of the
calculation of the titre of a stock sample of herpesvirus
salmonis is presented below. The calculations are according to
those of Reed & Muench (1938) and Luria et al (1978)
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Example of the methods for the calculation of the titres of fish
viruses.

Virus Dilution | Number Number Total1 Total' Percent
positive | negative|numher number mortality
CPE CPE positive | negative
CPE CPE
Herpes- | 0 “ 0 18 0 100
virus -2 “ 0 14 0 100
naluontﬂ -4 & Q 10 0 100
-5 3 1 () 1 85
-6 3 1 3 2 60
-7 0 4 v} 6 0

1 = Total number of positive CPE as added from the highest
dilution to the lowest dilution.

2 = Total number of negative CPE as added trom the lowest
dilutisn to the highest dilution.

If SJ% CPE was obtained with a particular dilution, this
dilution i{s used toc calzulat~ the TCID Z20/ML. If, as is the case
above, the 50% CPE falls tetween two dilutions, the proportional
distance between these two dilutions must be calculated according
to the methods set out below:

S0% - &% CPE AT DILUTION BELOW

% CPZ AT DILUTION ABOVE - % CPE AT DILUTION BELOW

0 - 0 50
- S ——————— = — = 0.'.‘3
60 - 0 60

The TCID S0 was calculated as fol.iows:

Log of the lower di'ution minuz the proportional distance times
the log of the dilution factor.

Log of the lower dilution -6
0,83 x log dilution factor - 0,83
-6,83

- . P
0,1 ml of a 10 dilution = 1.5 x 10 = 1 TCID SO

Titre in TCID 50 per ml = 1/1.5 x 10" %= 6.66 x 10"
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The results of the titrations of a sample of the VR299, Ab and Sp
serotvpes of IPN virus, IHN virus, VHS virus and herpesvirus
sa.monis were recorded (Table 9). These results are from 10
repetitions on the same virus sample,

Table 9. Titres of a sample of cach of the reference viruses.
Virus TCID S0

IPN VR299 4.065 x 109

IPN AD 1.747 X 10

IPN Ep 5.741 X 109

IHN 4. 167 X 10:

VHE &.706 X 101

Herpesvirus salmonis 4.600 x 10

4.4. Plaque assay

The atility of the different serotypes of IPN virus to form
plagques on the RTG2 cells were investigated as described., This
technique was carried out a number of times and the results
recorded (Table 10 & Fig 13).

Table 10. Results obtained from the plaque assay with the sero-
types of IPFN virus on RTG2 cells.

Serotype Number of Number Number Success rate
attempts Success- | Unsuccess- (%)
ful ful
IPN VR299 6 3 3 50,0
IPN Ab 4 3 1 75,0
IFN Sp 6 4 2 66,5

The plaques were counted and used to determine the titre of the
viruses in pfu/ml (Table 11).
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Table 11. Titres of the viruses expressed in pfu, for the
different serotypes of IPN virus. Results for IPN 299 wvirus
are from Fig 13.
Virus Dilution | Volume Number of | Titre/ Titre
(ml) Plaques dilution
YT -3 " 3

IPN VR299 10 90,8 14 6,8 X 10

109 0,5 1,6 X 104

10°4 0,¢ 3 2 X 104 1,42 X 104
IFN At 10°1 17 3.4 X% s«t-"'

107 3 0,¢ 1 2 x 10, .

1 0,f 4 8 x 10 3.45 % 10
IPN Sp 10 : 0,8 38 7 x 103

10, 0,¢ 18 3.6 x 10: .

3¢ 0,5 8 1.6 x 10 6.77 x 10
Fig 13 Plaques produced by IPN VR299 on RTG2 cells. Well no. 1
is a negative control Wells 2 - & are increasing 10-fold
dilutions f 10°%¢0 10°%f TPN VR299 virus. Plaques can be seen
in welle n 2 - 4
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4.6, Serological identification of IPN virus.

4.6.1. Antisera

Antibodies against IPN VR299 virus were raised in rabbits.
according to the methods discussed previously. The titre of the
virus used for the inoculation of the rabbits was calculated
according to the methods of Reed & Muench (1938) and found to be
3,1623 x 10°% TCID S0/ML. After the last inoculation the rabbits
were bled and the specificity of the antibodies tested according
to the methods discussed in the Methods and Materials section.

Rabbit anti IPN VR299 serum diluted to 1/1000 was capable of
neutralizing all the viruses in a 10" 4dilution of the stock IPN
VR299 sample (titre = 3,1622 x 10°% TCID S0/ML). Samples of the
antiserum were stored in liquid nitrogen. Antibodies against the
VR299 serotype of IPN virus were raised only once in rabbits. No
neutralizing activity was found when samples of rabtbit raised
anti IPN VEZ99 was mixed wit!, VHS virus or 1IHN virus, thus
indicating that the antitodies raised in the rabbits were
specific for 1PN virus,

“.€.2 Serological tests

—

4.6.2.1. Indirect immunofluorescent antibody test,.

The indirect immunofluorescent antibody test was carried out
according to the techniques discussed in the Methods and
Materials section and the results recorded (Table 12, Fig 16).
The indirect immunofluorescent antibody test (IFAT) was carried
wut on the different serotypes of IPN virus and VHS virus. Photo-
graphic evidence of this technique carried out on non-infected
cells 1is not presented as these were entirely dark and not
possible to photograph.
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Table 12. Results of the indirect immunofluorescent antibody
tests carried out on cells infected with IPN virus or VHS virus.

Virus used to Antiserun No. of Number Number

infect cells test Successful unsuc-
cessful

IPN VRZI99 IFN VR299 13 11 2

IPN Ab IFN Ab El 8 1

IPN Sp IEN Sp 8 ? 1

VHS VHS 18 18 | ©

IPN VR299 poly ¥ IPN 4 4 | o

IFN & foly. IPN 2 2 | 0

IPN Sp Poly. IPN 3 3 | 0

IPN VR2I99 IPN AL 3 3 v}

IPN VRZI99 IPN Sp 3 < | 1

IFN AL IPN VR299 “ 2 ‘ 2

IPN Ab IPN S 3 2 i §

IFN 3¢ IPN VRL99 “ 3 1

IFN 8p i IPN AL - 2 2

VN3 ; poly. IPN - ¢ 5

IPN VEZ39 | VS 5 | o 5

IFN AL VM3 b { <

IPN Sp | VHS 2 2

control celled | 1PN VERZ £ : z

contrel cells | IPN AL e 0 S

control cwlls IPN 5p S 5

control cells VHS 2 0 2

|

1 =« Uninfected cells used as negative controls
< ® Group polvvalent anti IPN serum

« & 2,2, Immunopercxidase test,

The indirect immunoperoxidase test was done according to the
methods Qascrited earlier A positive result was recorded when a
orown precipitate was observed on the cells (Fig 17). The
indirect immunoperoxidase assav was only carried out twice on
RTq2 cells infected with IPN virus and twice on RTG2Z cells
infected with VHS virus. There are thus not sufficient
repetitions to draw any meaningful conclusicons on the use of this
technique for the serological identification of these viruses. It
should however be noted that positive results were obtained in
all four tests when using homologous virus and antisera.
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4.6.2.3. Serum neutralization test.

The serum neutralization test was carried out successfully a
number of times. Serum neutralizations were done on the RTG2, BF2
and FHM cells and the results recorded (Table 13). Typical neut-
ralization results obtained when IPN VR299 virus was mixed with
anti IPN VR299 and inoculated onto RTGZ cells on a 24 well plate
can be seen in Fig 18. Fig 19 represents a typical negative
result which was obtained if IPN VR299 virus was first mixed with
anti VHS and then inoculated conto the cells., The vertical row of
wells on the left of the plate were negative :sontrols. These four
wells were inoculated with MEM. The top two horizontal rows of
wells, excluding the first well of each row, were inoculated with
an increasing dilution of IPN VR299 virus which had been mixed
with equal volumes of anti IPN VR293 or anti VHS. The bottom two
horizontal rows of wells, excluding the first well of each row,
were inoculated with a dilution of IPN VR2%9 virus, corresponding
to the dilution used to inoculate the wells above, which had been
mixed with equal volumes of FCS.

The negative control wells were undamaged in both cases while the
cells inoculated with the diluted virus which had been mixed with
FCS were completely destroyed in both (Fig 18 & 19). The wells
which were inoculated witn IFN VR299 virus which had been mixed
with anti VHS were also destroyed, thus indicating that the virus
had not been neutralized (Fig 19). The last three wells which
were inoculated with dilutions of IPN VR299 virus which had been
mixed with anti IPN VR299 were undamaged, thus indicating that
the virus had been neutralized. Pertial neutralization was found
when the sample of IFN VRE299 virus was diluted to 10"l or 10°2
and mixed with anti IPN VR299 as can be seen from the second and
third wells in the top two vertical rows in Fig 18.

54



W
e ©oOE
> \_«»ﬁomt

5%
.J( §.9

55



56

whi

e & o C
4 - 2
y m om
L 4 it
L X CWw
m m
>N i 4
« m
.
.
s - 0







The direct ISPA test was successfully carried out a number of
times according to the methods discussed previously. The viral
specific antibody sensitized bacteria were found to attach to the
viral infected cells if the antibodies and virus were homologous
(Fig 22). The number of attached bacteria were counted and these
numbers were used to calculate the average number of acttached
bacteria per cell (Table 14). In the cases were the virus and
antibodies were not homologous, or when uninfected cells were
used, few bacteria were found to attach to the cells (Fig 23).
These bacteria were also counted and recorded (Table 14).

Fig 22. Viral specific antibody sensitized §. aureus Cowan strain
A (arrowed) attached to viral infected cells when the antibodies
and virus were homologous.

s B e
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Table 16, Results of the VIBCA test with different combinations

of antigens and sensitized §. aureus Cowan strain A bacteria.
Virus. Sensitized §. aureus No. pos No. neg
IPN VR239 Anti IPN VR299 8 |
IPN Ab Anti IPN Ab 4 0
IPN Sp Anti IPN Sp 5 0
VHE Anti VHS 10 0
IPN VR299 Anti polyvalent IPN 5 0
IPN Ab Anti polyvalent IPN S o]
IPN Sp Anti polyvalent IPN S 0
VHS Anti IPN VR299 0 s
VHS Anti polyvalent IPN 0 S
IPN VR299 Anti VHS 0 5
IPN Ab Anti VHS 0 3
IPN Sp Anti VHS 0 3
Mediun Anti IPN VR299 0 s
Medium Anti IPN ADbD o] <
Medium Anti IPN Sp 0 4
Medium Anti polyvalent IPN 0 3
Medium Anti VHS Q 3
IPN VRZ99 Unsansltized 0 2
IPN Ab Unsensitized 0 3
IPN Sp Unsensitized 0 2
VHS Unsensitized 0 2

“.7. Comparison of different serological techniques.

The titre of the virus sample used for the comparison of the
serological techniques was calculated as 3,125 x 10 TCID 50/ml
by the methods described earlier. The virus could be identified
by IFAT and the indirect ISPA tests when the sample had a titre
of above 3.125 x 10? TCID 50/ml. The direct ISPA and the serum
neutralization t?st were successful if the sample had a titre of
above 3.125 x 10 TCID 50/ml. The VIBCA test was only successful
if the sample had a titre above 3,125 x 10% TCID S0/ml.
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4.8, Virus isolation and identification from diseased fish in
South Africa.

Samples of diseased fish were received from the field and virus
isolationg on all the samples were attempted. A total of 3 147
samples of fish from 1327 cases were investigated from January
1983 to the end of August 1987. Viruses .re isolated from 11

different cases (Table
were found after two passages of the sample.
obtained on the first passage but not on the second passage
A positive

CFE
was

17) .

these samples were regarded as negative (Hill 1976a).

result
and
which
the

processead

was
second passage or ¢n the second passage alone.

showed positive . =2sults were serologically identified and
A complete list of all
of August

results

from

recorded
January

(Table 18).
19383

presented in Appendix 2.

All positive isolations produced CPE indistinguishable from those
produced by IPN virus

(Fig 27).

to the

end

only recorded if a sample was positive on the
All

A negative result was recorded if no
If cell damage

first
samples

cases
1987 1is

Table Cases from which viruses were isolated from January
1983 to the end of August 1937,
Date case No Site Age Number Cells

of fish
28/6/85 F33/85 Waterval 1 Fry s 155 RTG2/BF2
28/8/86 F100/86 Machado R.T. Finger®| 10 RT32
3/9/86 Fi110/86 Mondi Hatchery Fry 95 RTGZ/FHM
3/9/86 F112/886 Mondi Hatchery Fry - BF2/FHM
3/9/86 F119/86 Kingfisher Fry 23 RTG2/BF2
3/9/86 F122/86 Sperwing Fry 25 - RTG2/FHM
3/9/86 F125/86 Katrina's Rust Fry 30 BF2/FHM
3/9/86 F126/86 Katrina's Rust Fry 20 BF2/FHM
3/9/86 F127/86 Katrina's Rust Fry 150 BF2/FHM
3/9/886 F130/86 Fisantekraal Fry 18 RTG2/BF2
24/9/88 F135/86 Fisantekraal Fry is RTG2/BF2

1 = Machado Rainbow Trout
2 = Fingerlings
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Table 18, Results of the gerum neutralization test, IFAT and the
direct ISPA tes* carried out on the viruses 1isolated from
diseased fish.

Case No Antiserum Neutsl IFAT' direct ISPA'
average no bact/cell
Infected | Control
F33/85 Anti IPN VR299 ct | pos? | 5,6 0,3
Anti IFN Ab pt Pos 2,7 0,3
Anti IPN Sp P Pos 3,8 0,3
Anti VHS Ne Neg 0,2 0,3
F33/85%5 (A) | Anti IPN VR299 C Pos. 6,7 0,5
Anti VHS N.D N.D. N.D. N.D.
F33/8%5 (D) | Anti IPN VR299 C ! Pos 4,2 0,4
Anti VHS N.D N.D N.D, N.D.
F100/€6 Anti IPN VR299 & Fos 8,7 0,4
Anti VHS N Neg 0,4 0,3
F110/86 Anti IPN VR299 C Fos 7,8 Q7
Anti IPN AD | Fos 2,8 0,2
Anti IPN Sp F Pos 4,0 0,3
Anti VHS N Neg 0,4 0,3
Fi1i12/86 Anti IPN VR2G9 C Pos S,7 0,4
Anti VHS N.D. N.D. 0,3 0,2
F119/8% Anti IPN VR299 ! N.D. 5,3 0,3
Anti VHS N.D N.D 0,2 0,3
Fi122/8% Anti IPN VR299 c Fos 5,3 0,3
Anti VHS N.D. N.E N.D. N.D.
F125/886 Anti IPN VR299 [ Fos 5,6 0,3
Anti VH3 N.D. N.D, 0,3 0,23
F126/86 Anti IPN VR299 C N.D: N.D N.D.
Anti VHS N.D.| N.D. N.D. N.D.
Fi122/86 Anti IPN VR299 |+ N.D. N.D. N.D.
Anti VHS N N.D. N.D. N.D.
Fl130/86 Anti IPN VR299 C Pos 4,7 0,2
Anti VHS N Neg N.D. N.D.
F135/86 Anti IPN VR259 4 Pos N.D. N.D.
Anti VHS N Neg N.D. N.D.

1 = Neutralization:; 2 = Indirect immunofluorescent antibody test
3 = Immunostaphylococcus-Protein-A test

4 = complete neutralization:

5 = Partial neutralization: neutralization index greater than 2
but less than 3.

5 = no neutralization: neutralization index less than 1.

7 = Positive immunofluorescence 8 = Negative immunofluorescence

9 = Not done




Fig 27. CPE on RTG2 cells produced by the viruses isolated from
the cases presented in Table 17,
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4.9. Isclation and identification of virusges from viscera samples

of asymptomatic fish,

Sanples of rainbow trout were collected from farms at six monthly
intervals and processed according to the methods discussed in the
Methods and Materials section. A total of 7 133 samples of
asymptomatic fish, consisting of 1 905 fry, 1 385 fingerlings and
3 843 slaughter fish were -cllected end tested (Appendix 3).
Negative results were listed if no CPE were seen after two
passages. FPositive results were listed if any well showed CPE
after the first and second passages (Table 19). If CPE were only
found on the first passage and not the second passage, a negative
result was recorded. All positive isolations after two passages
were serologically identified (Table 20). The CPE caused by the
viruses isolated from viscera of asymptomatic fish were similar
to the CPE produced by the virus isolated from diseased fish
which can be seen in Fig 27.
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rig 27. ©CPE on RTG2 c¢ells produced by the viruses isolated from
the cases presented in Table 17,
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4.9, Isolaticon and identification of viruses from viscera samples

of asymptomatic fish.

Samples of rainbow trout were collected from farms at six monthly
intervals and processad according to the methods discussed in the
Methods and Materials cection. A total of 7 133 samples of
asymptomatic fish, coneisting of 1 905 fry, 1 385 fingerlings and
3 B43 slaughter fish were collected and tested (Appendix 3).
Negative resulrts were listed if no CPE were seen after two
pass:ges., Positive results were listed if any well showed CPE
after the first and second passages (Table 19). If CPE were only
found on the first passage and not the second passage, a negative
result was recorded. All positive isolations after two passages
were serologically identified (Table 20). The CPE caused by the
viruses isoclated from viscera of asymptomatic fish were similar
to the CPE produced by the virus isolated from diseased fish
which can be seen in Fig 27.
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Table 19. Vviruses isolated from samples of asymptomatic fish.

Date Site Age | Sample | Number of Cells
fish

9/6/86 Fisantekraal s |[v!? 150 RTG2/BF2

16/7/86 La gochelle S V. 120 RTG2/BF2

17/7/86 TPA" Lydenburg Fry | W 140 J RTG2/BF2

Viscera (Liver, spleen & kidney)

Whole fish (fish to¢ small to eviscerate)
Slaughter fish (and less than 1 year old)
Transvaal Provincial Administration

B W e

Table 20. Results of the serum neutralization test, IFAT and the
direct ISPA test done on the viruses isolated from viscera

sanples of asymptomatic fish.

Date Site Antiserum Neutsl IFAT’ direct ISPA.
Average no.
bact/cell

Test Control

9/6/86 Fisantexraal Anti IPN VR299|C Pos |6,8 0,3

Anti IPN ADb P Pos (2,6 0,3
Anti IPN Sp P Pos |2,9 0,2
Anti VHS N Neg [0,2 0,3
16/7/86 La Rochelle Anti IPN VR299 |[C Pos |5,8 0,2
Anti IFN Ab P Pos [2,8 D53
Anti IPN Sp P Pos |3,0 0,2
Anti VHS N Neg (0,4 0,3
16/7/86 TPA Lydenburg| Anti IPN VR299 |C Pos |5,7 0,2
Anti IPN Ab P Pos (2,6 0,3
Anti IPN Sp P Pos (3,0 0,4
Anti VHS N Neg |[0,4 0,3

1 = Neutralization
2 = Indirect immunoflucorescent antibody test
3 = Immunostaphylococcus-Protein-A test
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4.10, Isolation and identification of viruses from ovarian fluid

samples from asymptomatic fish.

Samples of ovarian fluid were collected as part of a health
certification scheme o¢on some farms each year during the normal
breeding operations on the sites. A total of 2 892 samples, from
13 sites were collected (Appendix 4) and only one site was found
to be positive for IPN virue (Appendix 4). The virus which was
isolated caused sinilar CPE on the cells to the virus isolated
from diseased fish (Fig 27). This virus was serologically
identifjed as I.N wvirus by IFAT (Table Z1) and as the VR299%9
serotype by the eserum neutralization test and the ISPA test
(Teble 21).

Table 21. Results of the serclogical identification of the virus
isclated from ovarian fluid from asymptomatic fish.

IFAT?® Direct ISPA'
Average No.
|__bact/cell __ |

Test | Control

Date Site Antiserum Neut

L

24777886 Aquacultura | Anti IPN VK299 C Pcs 5,4 0,2
Anti IFN Ab F Fos 3,0 0,2
Anti IPN Sp P Pns - 0.2
Anti VHS N Neg 0,3 0,3

= Serum neutralization
e Indirect fluorescent antibody technique
= Immunostaphylococcus-Protein-A test

W N

4.11, Isolation and identification of viruses from eyed ova.

Samples of eyed ova were collected, either at Jan Smuts Airport
or on farms, and the virus isclation procedures were attempted. A
total of 5 200 ova from 22 consignments were examined (Appendix
S) and a virus was isolated from one consignment of ova imported
from the USA on 2/11/85. The CPE produced by this virus was
similar to the CPE produced by the virus isolated from diseased




fish (Fig 27). T
VR299 serotype of
direct ISPA test (T
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Date case No Antiserunm Neut‘ IFAT' Cirect ISPA.
Average No
Bact/Cell
Test Control
!
2/11/85 | FS6/86 | Anti IPN VR299| C Pos 5,4 |0,3
| Anti TPN ab F Pos <.8 0,3
Anti IPN Sp P Pos 3,6 0,2
Anti VHS N Neg 0,2 0,3
1 = Serum neutralizatizn test
3 Indirect fluorescen= antibody test
J = Jpmuncstaphylostoccus-Protein-A test
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Table 23. Serum samples collected for the detection
neutralizing antibodies.
Site/Case Sample No.| Virus Cells Results
Mondi (Mateh)| 1 - 7 VHS RTG2/BF2 N3
Pleasantways 1 - 6 VHS RTG2/BF2 N
§. Gifford 1 - ¢ VHS RTG2/BF2 N
Mondi (Hatch) 1 -7 IPN VR299 RTG2/BF2 N
Pleasantways 1 - 6 IPN VE299%9 RTG2/BFZ N
S. GCifford 1 -6 IPN VR299 RTG2/BF2 N
Waterval Al IPN VR299 RTG2/BF2 N
(F33/85) 2 IPN VR299 RTG2/BF2 cl
B A3 - A8 !N VR2S9 RTG2/BF2 N
ar AS IPN VR299 RTG2/BF2 (]
- Al10 IPN VR299 RTG2/BF2 N
- D1 - DS IPN VRZ99 RTG2/BF2 C
- D& - D7 IPN VRZ299 RTG2/BF2 N
il pa IFN VR29% RTGZ/BF2 c
N D9 - D10 | IPN VR299 RTG2/BF2 N
i Al - A10 | VK3 RTG2/BF2 N
= D1 - D10 | VHS RTG2/BF2 N
Waterval 1 - 6 IFN VR299 RTG2/BF2 N
Waterval 1 - & VHS RTG2/BF2 N
Mondi (La
Rochelle) 1 IPN VR299 RTG2/BF2 N
Mondi (La
Rochelle) - - B IPN VR299 RTG./BF2 (o4
Mondi (La ‘
Rochelle) ] IPN VRI99 RTGZ/BF2 N
Mondi (La 1
Rochelle) 10 14 IPN VR299 RTG2,BF2 C

1 = Complete neutralization
2 = No neutralization




S. DISCUSSION

5.1, Tissue culture

The establishment of the procedures for the passage and
propagation of fish cell lines was the first priority of this
project. To this end, samples of RTG2Z, BF2Z, FHM and BB cells
were obtained from the ATCC. These particular cell lines were
used firstly because ,f there commercial availability from the
ATCC through various supply companies in this country (Flow
Laboratories or Steri.ab Services) and secondly because various
authors state that these cell lines are the most sensitive to use
for isclation of viruses from fish. Hill (1976a) states that the
RGT2 and BF2 cells should be used for the isolation of IPN
viruses. Amos (1985) and Hill (1976a) state that FHM cells should
be used for the isolation of IHMN virus and VHS virus.

Some of these cell lines were reconstituted by the supply company
and supplied as confluent cultures. This method of obtaining
cells was found to be unsatisfactory as some cultures were
contaminated on arrival and others had detached from the culture
vessels, possibly due to mechanical damage. Another supply
company supplied cultures in a frozen state, directly from the
ATCC and these cultures were reconstituted in the laboratory.
This method of obtaining cells was found to te preferable,

The procedures for the passage and propagation of all four cell
lines were successfully established and these cell lines were
passaged a number of times (Table 1) with success rates varying
from 65% to 89%%. Some of the unsuccessful attempts to passage the
cealls could be attributed to bacterial contamination. The sources
of bacterial contamination varied and included c¢ontaminated
batches of media or ATV and in some cases, contamination during
passage or feading of cells., Bacterial contamination problems in
the media were eliminated by storage of the media at room
temperature after production for 14 days. Contaminated bottles of
medium could be {(dentified by turbidity and were removed.
Contaminated ATV was filter sterilized. It was four that
str.ngent sterile proceduress had to ba observed when passaging or
feeding the cell cultures and this greatly reduced contamination
problems The higher success rate obtained with the BF2 cells
could be explained ty the fact that this was the last cell 1line
to be obtained and some experience in working with cells had been
acquired.

All cultures were observed daily and the time required to reach
100% confluency recorded (Table 2 & Fig S - 8). No efforts were
made to establish optimal incubation temperatures for the
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different cell lines as this has been done by a number of
authors. It has been stated that the optimal incubation
temperature tor salmonid cell cultures was about 19C (Wolf &
Quimby, 1962) and 20C (Wolf, 1979). Pfitzner (1965) stated that
gonadal cell cultures of trout will grow at temperatures between
16C to 22C. Wolf & Quimby (1962) found that RTG2 cells at 18C
required about 1.3 times longer to reach equal levels of protein
as cells held at 24C did.

It was decided to incubate RTGZ cells at between 19C - 22C as
most authors state that the optimal temperature for growth of
this cell line is in this range. The optimal temperatures for
warm water fish has been found to be about 25C (Wolf, 1979), thus
the other cell lines were incubated at 25C.

The BF2 cell line was found to be the fastest growing of the
four cell lines with an average incubation period of 82 hours.
The FHM and BE cells had average incubation periods of 96 hours
and 126 hours respectively. The slowest growing of the four lines
was the RTG2 line with an average incubation period of 158 hours.
The BFZ ard1 FHM cell lines grew fast and seldom had to be fed,
chus reducing the chances of bacterial contamination. Most of the
cultures of TG2 and BB cells were fed during incubation. It
should be noted that the success rate, when passaging BB cells,
was the lowest. As this cell 1line had to be fed during
incubation, the chances of bacterial contamination are high and
thus the low suc.ess rate All but the BF2 cells were found to
survive for long periods, up to 2 months, if fed with maintenance
medium containing 2% FCS. The BrF2 cells on the other hand,
started degeneratiag after about l4 days of incubation. The
degeneration of this cell line proved problematic when attempting
to isclate viruses.

The cells were passaged once rhey were confluent and in most
cases the splitting of the culture to produce three new cultures
proved most effective, One 75 cm? flask was used to seed three 24
well plates In the case of the faster growing cell lines (BF2
and FHM), four 24 well plates could be made with equal success.

Samples of all four cell lines were stored in liquid nitrogen for
periods varying from two weeks to over 2 vyears and were
successfully reconstituted (Table 3). High success rates were
obtained when the BFZ, BB and FHM cell lines were frozen and
reconstituted (65,91%, 70,00% and 100% respectively). In the case
of the BFZ cells, 29 out of 44 attempts to reconstitute these
cells were unsuccessful. Four of these could be attributed to
bacterial contimination. The remaining unsuccessful attempts were
attributed to problems with the FCS. A batch of locally produced
FCS was obtained and it was discovered that this serum did not
support the growth of the cells The BF2 cell line was the only
cell line which was reconstituted using this batch of serum. Low
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success rates were also recorded with the BB cell lLine (Table
3). They often took very long to attach and reach 1C0% confluency
after freezing. These cultures had to be fed often and bacterial
contamination accounted for the loss of three cultures. The RTG2
cells had the lowest success rate (Table 3). This was “ue mainly
to the fact that some of the frozen cultures orig nated from
contaminated cultures, The contamination was suppressed by the
antibiotics in the growth medium and only became apparent after
the cultures had been frozen and reconstituted. Higher success
rates were obtained with other batcnes of RTG2Z cells, although
some cultures did not attach to the culture vessel, thus possibly
indicating cellular damage during freezing. Other factors, such
as toxicity of FCS or reagents used for cell culture were ruled
out as medium, FCS and reagents from the same batches supported
cell growth in other cultures,

All four fish cell lines were successfully passaged and
propagated, although some problems with bacterial contamination
were experienced in the early stages. These ceil lines could also
be stored in liquid nitrogen and successfully reconstituted.

§.2. Virus inoculation, cytopathic effects and virus storage.

The procedures for the inoculation of the fish cell lines with
the ¢trout viruses and the study of the cytopathic effects
produced by these viruses had to be established before any
attempts could be made to isolate viruses from the field.

Samples of IHN virus, VHS virus, herpesvirus salmonis and the
VR2Z99, Ab and Sp serotypes of IFN virus were inoculated onto the
RTG2, BF2, FHM and BB cell lines. The VR299 and Sp serotypes of
IPN virus were found to produce CPE on all four cell lines, while
the Ab serotype did not replicate on the FHM c¢ells. This
corresponds to the results found by Vestergard-Jorgensen & Kehlet
(1971). IHN wvirus and VHS virus did not produce CPE on the BB
cells (Table 4 & Fig 10 - 12) while herpesvirus saimonis only
produced CPE on the RTGZ cells (Table 3 & Fig 12). These results
correspond to those reviewed by Wolf & Mann (1980) and Amos
(1985).

Low success rates were obtained when the cell lines were
inoculated with the different serotypes of IPN virus (Table 4).
For example, when IPN VR299 virus was inoculated onto RTG2 cells,
CPE only occured in 62,5% of inoculations. Similar results were
found when this virus was inoculated onto the other cell 1lines
(Table 4). Low success rates were also obtained when the Ab and
Sp serotypes of IPN virus were inoculated onto the different cell
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lines. There are three possible explanations for these low
success rates. The first of these is bacterial contamination
which accounted for some, but not all of the unsuccessful
attempts. Another possible reason for the low success rates could
be a build-up of defective interfering (DI) particles. Nicholson
& Dunn (1974) proposed that the inhibition or reduction of IPN
VR299 virus replication could be caused by particles which are
similar to the IPN VR299 virus. They termed these defective
interfering particles and stated that they were similar t> the
IPN virus because of the interfering particles' susceptibility to
immune serum, UV irradiation and the sedimentation properties. DI
particles have been reported from many viral systems (Huang, 1973
as cited in Nicholson & Dunn, 1274) and these particles generally
possess normal viral structural proteins, but lack some segment
of the genome. The different serotypes of IPN virus had been
passaged a number of times, thus possibly allowing for a build-up
of Dl particles (Nicholson A& Dunn, 1974) and this c¢ould
adequately explainr the low success rates obtained when
inoculating cells with IPN virus, However, it is well known that
dilutions of stock samples of viruses where DI particles are
present will result in the increased production of infectious
standard viruses than if the undiluted stock samples were
inoculated onto cells (Huang, 1973, as cited in Nicholson & Dunn,
1974). In most cases cells were inoculated with a 1/2000 dilutien
of the reference viruses, This high dilucion factor should have
eliminated most of the problems which could have been caused by
DI particles In some cases, however, particularly when
attempting to increase the titre of the viruses, undiluted
culture fluid was directly passaged onto new cell cultures, thus
increasing the pose,bilities for interference by DI particles.

The third possible reason for the low success 1ates could be the
fact that IPN virus grown on a particular cell line may not grow
as well on another line (Ni:holson, Thorne, Janicki & Hanson,
1979). This is particularly true when the virus was grown on RTG2
cells and then passaged onto BFZ or FHM cells (Nicholson et al,
1979), The samples cf reference viruses were all passaged on RTG2
cells after arrival. It is thus possible that the explanations
offered by both Nicholson & Dunn (1974) and Nicholson et al
(1979) for low success rates when inoculating cell cultures with
IPN virus may be valid in this case.

A strange and unexplained phenomenon was observed with the FHM
cell line. From the literature it was found that the FHM cell
line 4is the line of choice when attempting to isolate IHN virus
and VHS virus (Hill, 1976a). The VR299 and Sp serotypes of IPN
virus have been reported to replicate on the FMH cells (Nicholson
@t al, 1579). This cell line was, however, reported as being
refractory to some of the serotypes of IPN virus including the Ab
serotype (Vestergard-Jorgensen & Kehlet, 1971; Nicholson et al,
1979; MacDonald, et al, 1983). In the early stages of this
project, IHN virus, VHS virus and the VR299 and Sp serotypes of
IPN virus were found to replicate on this cell line (Fig 10C,

74



11C & D & 12C). Thie corresponds to the work by Hill (1976a),
Amos (1985) and Nicholson et al (1979). It was found that the Ab
serotyp2 of IPN virus did not grow on this line, which corres-
ponds to the work of Vestergard-Jorgensen & Kehlet (1971). Then,
inexplicably, the FHM cell line became refractory to all these
viruses, hence the low success rates obtained (Table 4). This
'‘loss of susceptibility' occurred suddenly and could not be
explained by passage number of the cells, pH changes, temperature
changes or any changes in materials or procedures. There are
reports in the literature that infection of cells by Mycoplasma
p. particularly Mycoplasma laidawii may result in RTG2 and FHM
.2lls becoming resistant to the viruses, It is however unlikely
that the sudden loss of susceptibility of the FHM cells could be
explained by a mycoplasma infection. Samples of the cells were
sent to the Mycoplasma Secticn of the Veterinary Research
Institute, Onderstepoort, but no Mycoplasma sp. could be
isolated or detected. None of the other cell lines which were in
use at the time developed any loss of susceptibility, even though
the same medium was used in all :cases. Hill (1976a) states that
mycoplasma infection may result in loss of susceptibility in both
RTG2 and FHM cells. There was no loss of susceptibility in the
RTG2 cells. Frozen cultures of FHM cells which were not
refractory to the viruses btefore freezing were reconstituted, but
it was found that the viruses would not produce CPE on these
cells either. This phenomenon ¢ould not be explained by any of
the fish pathology laboratcries approached and none of them had
experienced anything similar.

As the fastest growing of the viruses under investigation, VHS
virus had an average incubation period of 39 hours, any cyto-
logical changes observed in infected cultures btefore about 35
houre post infection (Fl) are unlikely to be as a result of virus
replication and are more likely to be due to toxicity of the
samples. The fluid from any culture showing cytological changes
before 35 hours Pl should be removed, diluted to eliminate the
toxicity and reinoculated onto ¢ell cultures.

If 1the average incubatisn periods for the different cell lines,
their esustained susceptibility to the trout viruses and the
average incubation pericds for the development o¢f CPE are
considered, the cell lines of choice for the iscolation of viruses
from trout in South Africa are the BF2 and RTGZ cell lines.

It should be note. that 100% success rates were not always
obtained when atteupts were made to reconstitute stored virus
samples (Table 5 - 8). When viruses were stored in 1liquid
nitrogen (Table 7) only VHSE was reconstituted with less than 100%
success. Only two cultures were unsuccessful and these were Jjue
to bacterial contamination. When the different viruses were
stored at -20C (Table 6), none were reconstituted with 100%
success. In the case of IHN virus, VHS virus and herpesvirus
salmonis, all the unsuccessful attempts were due to bacterial
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contamination. As with the inoculation of cells with IPN virus,
which was discussed above, there are three possible reasons for
the unsuccessful attempts to reconstitute stored IPN viruses
(Table 5 & 6). Bacterial contamination is one reason, with the
interfering effects of Dl particles on the replication of the
stored viruses being another possibility. This may account for
unsuccessful attempts with viruses stored in 50% glycerol, but it
is unlikely that DI particles prevented replice ion of IPN
viruses which had been stored at -20C. Nicholson & Dunn (1974)
reported that one cycle of freezing and thawing greatly redu.ed
the interference of DI particles. 1It is thus likely that the
explanation of Nicholson et al (1979), i.e. the inability of IPN
virus grown on RTG2 cells to replicate on BF2 and FHM cells, is
the more likely explanation for the low success rates when recon-
stituting IPN viruses stored at -20C., The total number of
unsuccessful attempts to reconstitute IPN viruses stored in 50%
glycerol is higher than for samples stored at -20C, As Nicholson
& Dunn (1974) found that one cycle of freezing and thawing
destroyed DI particles, the higher success rate obtained when
frozen virus samples were reconstituted was expected as only
those virus samples which were grown on RTG2 cells, reconstituted
and inoculated onte other cell lines would be unsuccessful.
However, the success rate for the reconstitution of IPN viruses
stored in 1liquid nitrogen is 100%. All these attempts were,
however, made on RTG2 cells. In this case, all DI particles would
have been destroyed by freezing and thawing and the problem of
virus grown on RTG2 cells not growing on the other cell lines was
eliminated and thus the 100% success rate. Viruses which had been
freeze dried were all reconstituted with 100% success (Table 8).
All of these reconstitution attempts were made on RTG2 cells,
thus eliminating the problem of interference as discussed
previocusly.

§.3. Plaque assay.

Some difficulties were initially experienced with the plaque
assay technique, as seen by the low success rates obtained (Table
9). The plaque assay is a useful technique which can be used to
determine the titre cof a virus sample in plaque forming units
(pfu) per ml, thus further attempts to establish the technique
were made, This assay is also extensively used in cross neut-
ralization work., After several unsuccessful attempts to perform
the plaque assay, success was achieved by careful monitoring of
the temperature of the molten agar. It is believed that all the
unsuccessful attempts of this assay were due to damage of the
cell sheet resulting from high temperatures of the molten agar.
The RTGZ cells have an optimal incubation temperature of 19C,
with 26C being the maximum temperature tolerated (Wolf & Quimby,
1962). The cells were found to die after 24 hours at 30C (Wolf &
Quimby, 1962) The molten agar has to be poured at about 39C to
40C to prevent solidification. If the agar had not cooled down to
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as low as possible before being poured, the cells were damaged by
the high temperature. The most practical system to do plaque
assays was to melt only enough agar to cover two or three
cultures at a time., If larger volumes of molten agar were used,
the temperature of the agar used to overlay the first two or
three cultures was too high. If the large volume of agar was
allowed to cool to 39C befora overlaying the first cultures, the
agar would solidify before all the petri dishes or wells in a 6
well plate could be overlayed. The plaque assay was thus
successfully carried cut by careful control of the temperature of
the molten agar.

There is a commercially available low temperature gelling agarose
which would make the plaque assay easier to perform when working
with temperature gensitive cells, No efforts were made to obtain
end use this agarose as success using normal agarose was obtained
by careful monitoring of the temperature., All the results
required for this project were sguccessfully obtained using normal
agarose, The main objective of this project was the isolation of
viruses from fish in South Africa and this could be done without
the plaque assay. If extensive cross neutralization work was
undertaken, low temperature gelling agarose would be most useful.

S.4, Virus concentraticn and electron microscopy

Virus particles were seen 1in ultra-centrifuged, negatively
stained culture fluid from cells infected with IPN VR299 virus
(Fig 14) and in ultra-thin sections of infected cells (Fig 15).
The size of the virus particles was calculated and a diameter of
between 52 nm and 64 nm was found. The average particle size was
calculated to be 55 nm. This was calculated from 24 micrographs
of all three serotypes of IPN virus at different magnifications.
It was found that the VR299, Ab and Sp serotypes of IPN virus
were all of a similar size and no difference in size between the
different rerotypes of IPN virus could be seen from the micro-
graphs. The average particle size, as calculated aoove,
corresponds to the diameter of IPN virus found by Moss & Gravell
(1969) and Hill (1982)., The virus particles in Fig 14 and 15 are
clearly icosahedral, which corresponds to the morphology of IEN
virus (Hill, 1982). From these results and the results of the
serological tests it can be concluded that the virus particles
seen in the EM studies are IPN virus.

It should be noted that in the negatively stained preparation

there are a number of apparently empty virions. No apparent

reason could be found for the high percentage of these apparently

empty virions, It is unlikely that these are the DI particles
described by Nicholson & Dunn (1974) as it has been proposed that

DI particles have normal viral structure, but lack segments of

the genome (Huang, 1973; as cited in Nicholson & Dunn, 1974).
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5.5. Serological tests.

The procedures for the serological identification of the trout
viruses had to be established before any attempts could be made
to isolate the viruses from fish in South Africa. Virus specific
antibodies against the different viruses were kindly supplied by
Dr de Kinkelin (France), Dr Hill (England) and Dr Anderson (USA).
Successful attempts were also made to produce antibodies against
the VR299 serotype of IPN virus in rabbits.

A variety of serclogical techniques for the identification of
viruses isoclated from fish have been established. The techniques
most commonly used are the indirect fluorescent antibody test
(IFAT) ( Piper gt al, 1973), serum neutralization test (Lientz &
Springer, 1973) and enzyme-linked immunosorbent assay (ELISA)
(Nicheolson & Henchal, 1978)., Other techniques, such as immuno-
peroxidase assay (Nicholson & Henchal, 1978), complement fixation
test (Finlay & Hill, 1%75), viral induced bacterial co-agglutina-
tion test (Kimura, et al, 1984) and immunoblot assay (McAllister
& Schill, 1986) have been developed but so far these techniques
are not in general use. The VIBCA and immunoblot assay are recent
additions to the serological techniques available to identify
fish viruses. The VIBCA test is limited in sensitivity (Kimura et
al, 1984) but the speed with which this test can be done will
probably ensure wide spread use. The immunoblot assay will
undoubtably become a standard technique for fish virus
iderntification due to its sensitivity and specificity.

Although ELISA is widely used in fish virology, this technique
was not used in South Africa. The trout industry in this country
is very small and only a small number of samples for examination
would thus be available., This small number of samples does not
warrant the time and expense required to establish an ELISA
system., Should a commercial ELISA system for the trout viruses
tecome available in South Africa, it would be obtained and used.

The main objective of this work was to ascertain the virological
status of trout in South Africa. At the start of this project,
rone of the trout viruses had ever been isolated in South Africa
and it was believed, from the lack of clinical evidence of viral
diseases in trout, that none would be isolated. It was thus
decided that IFAT and the serum neutralization test would be
adiquate to identify any viruses which may be isclated.
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§.5.1, Indirect fluorescent antibody technique

The first of the serclogical tests to be done was the indirect
fluorescont antibody technique (IFAT). It was found that this
tast was ofter difficult to interpret due to non-specific
reactions, thvs making the test very subjective. Negative
controls for this technique were extremely important and were
used to ascertain the levels of non-specific staining. Extreme
care was also needed when performing the test and all stages had
to be washed well to reduce the amount of non-specific staining.
Excessive washing, on the other hand coula also be problematic
and could result in the washing off of either the viral specific
antibodies or the FITC labelled antibodies. In two attempts to do
IFAT on cells infected with IPN VR299 virus, no significant
differences could be detected between the test cells and the
zontrols. This was possibly due to incomplete washing which
rasulted in excessgsive ncn-specific staining. These tests were
recorded as unsuccessful., Similarly, one test each, when cells
ware infected with IPN Ab virus and IPN Sp virus, was regarded
as unsuccessful, resulting from excessive non-specific staining.

The resuylts were often vary difficult to interpret when cells
infected with a particular serotype of IPN virus were treated
with viral specific antibcdies against a different serotype of
IPN wvirus. Fluorescence was obtained in all cases as there |is
some cross reaction between the different serotypes of IPN virus.
A quantitative analysis of the fluorescence patterns was not
possible due to this cross reaction. The serological
identification of IPN virus to the serotype level was thus very
difficult by IFAT. This technique was, however successfully used
to differentiate between IPN virus and VHS virus.

The commercial availability of good quality FITC labelled anti-
rabbit makes the indirect method the method of choice. The direct
method can also be dove (Piper et al, 1973) in which case
flucrescent dyes would have to be conjugated to the viral
specific antibodies, which is a laborious task requiring
standardization.

5.5.2. Immunoperoxidaste assay

Although insufficient repetitions c¢f the immunoperoxidase assay
were carried out to make meaningful analyses of the results, the
indications were that this technique was very similar to IFAT.
The test was only carried out twice on IPN VR299 virus infected
cells and twice on VHS virus infected cells, but it was found
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that the interpretation of results was difficult due to non-
specific reactions, This corresponds to Wwork done by Nicholson &
Henchal (1978). Although Nicholson & Henclal (1978) found that
both the direct and indirect methods were efficient techniques
for the serological identification of IPN virus, these techniques
have not been widely used. As no significant differences were
found between IFAT ana the indirect immunoperoxidase assay, it
was decided to use I1FAT.

§.5.3. Serum neutralization test

The serum neutralization test is probably the most widely used
technique for the serological identification of fish viruses
(Hill et al, 1981). This technique was used for the serological
identification of samples of th2e reference viruses (Table 13),.
Neutralization indices of over e were found when samples of the
different serotypes of IPN virus and VHS virus were reacted with
their homologous antisera. Neutralization indices of over & were
also found when the different serotypes of IPN virus were reacted
with a group polyvalent serum made by mixing equal quantities of
ar.ti IPN VR299, anti IPN Sp and anti IPN Ab. As most of the
Eurcpean isolatea of IFN virus fall into either the Ab or §Sp
serotype group (Dorson, 1982) and most of the North American
isolates fall within the VR299 group (Dorson, 1982), the group
polyvalent antiserum used in South Africa would be capable of
neutralizing most of the IFN viruses likely to occur in South
Africa. The group polyvalent antiserum uced in South Africa was
improved by including antiserum against the West Buxton serotype
of IPN virus as the West Buxton serotype results in a much more
homogeneous clustering of USA isolates than the VR 299 serotype
(Hill, 1985 personal communication).

From cross neutralization work (Table 13) it was found that there
was some degree of cross neutralization between the different
serotypes of IPN virus. The neutralization indices indicate that
the Sp serctype of 1PN virus is more closely related to the VR299
serotype than to the Ab serotype Although neutralization was
found in all cases when different serotypes of IPN virus were
mixed with specific antibodies, the neutralization indices were
far lower than with the homologous virus and antibody combina-
tion,
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§.5.4, Viral induced bacterial co-agglutination test (VIBCA)

The viral induced bacterial co-agglutination test (VIBCA) (Kimura
et al, 1984) was evaluated as another method for the serological
identification of IPN virus (Table 16). Kimura et al (1984) used
this method to seroclogically identify IPN viruses, IHN virus and
Qncorhynchus virus (OMV) but no reports on the use of this
method for the serological identification of VHS virus could be
found. It was found ir this la' ‘ratory that VIBCA could also be
used for the serological identification of VHS virus without any
modifications to the techniques used by Kimura et al (1984). 1In
this study the VIBCA test was 2nly used to identify cell free
antigens which had been cultured in cell cultures. Kimura et al
(1984) also reported great success using this technique o
identify viral antigens extracted dire- .y from diseased fish.

The main advantage of this technique is its rapidity. 1In this
laboratory results could be obtained about 15-20 minutes af:er
the first indication of CPE on infected cells. If this technigue
can be used to detect viral antigens extracted directly from
diseased fish as claimed by Kimura et gl (1984), a presumptive
diagnosis could be made in less than a hour after the fish had
been submitted to the laboratory, thus facilitating rapid intro-
duction of methods to reduce the spread of the virus. OCne
possible limitation of this technique is that high =irus titres
are needed for a successful result., It was found that a virus
titre of higher than 3 x 10% TCIDSO/ml was reguired. This
corresponds favourably to results obtained by Kimura et al
(1984). They found that the minimum amount of ce%l free antigen
required for a positive result varied between 10%+9® and 107.,7
TCIDSO/ml. Kimura et al (1984) did, however prove that this
technique was useful for the diagnosis of IFN in fish. They were
able to detect IPN virus antigen in rainbow trout, cohe and amago
salmon freom sites in Japan using VIBCA. IPN virus was isolated
from these fish by conventional methods thus confirming the
results obtained with the VIBCA test. This technique was also
carried out successfully using §, aureus which had been
sensitized with group polyvalent antiserum against IPN wviruses
(Table 16),

The specificity of ¢this test was verified bv the fact that
agglutination wasz only found when the virus sam-les wers mnixed
with S. aureus Cowan strain A which had been sensitized with
homologous antibodies, o agglutination was seen when
unsensitized bacteria were used or when the virus and the
antibodies used to sensitize the bacteria were not homolagous.
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5.5.5, Direct immunostaphylococcus-protein-A test (ISPA)

The Fc¢ binding ciaracteristics of Protein A (Kronvall, Seal &
Finstad 1970), which 1is produced in the c¢ell membrane of
S. aureus Cowan strain A (Verwey 1940) has been used to develop a
new technique called the immunostaphylococcus-protein-A (ISPA)
test. This technique is similar to the fluorescent antibody
technique and immunoperoxidase test and, as with these
techniques, there 1s a direct and an indirect method. It |is
beliaved that the direct immunostaphylococcus-protein-A test is
superior to ither 1FAT or immunoperoxidase assay in that this
test is easily quantified by counting tiie number of attached
bacteria per cell. Inadequate washing during any of these three
procedures results in residues of the markers which often make
the test difficult to interpret. In the case of direct 1ISPA,
quantification of this residue can be obtained, thus making the
test less subjective.

The techriques for stabilization and sensitization of the
S. paureus Cowan strain A were the same as those described by
Kimura et al (1984). The experiments carried out to test whether
the virus specific antibodies had bound to the protein A of
formalized g, aureus Cowan strain A were, as far as could be
ascertained, original work. The theory behind the sensitization
controls was very simple. Famples of §. aureus Cowan strain A
were sensitized with .abbit raised viral specific antibodies.
When the sensitized bacteria were heat fixed on a glass slide and
overlayed with FITC labelled anti-rabbit, these fluorescent
labelled antibodies recognized and bound to the rabbit raised
antibodies which were bound to the Protein A of the bactaria and
fluorescence was seen (Fig 20). It could, however, be argued that
as Protein A binds Igs, it could alsec bind FITC labelled 1gG,
thus the fluorescence would be non-specific. To <clarify this,
samples of unsensitized §, aureus Cowan strain A were stained
with FITC labells:d anti-rabbit Ig3. In these cases no rabbit
raised antibodies were attached to the Protein A sites and these
sites were thus available to other IgG molecules. It was, however
found that i{f unsensitized §, aureus Cowan strain A were over-
layed with FITC latelled anti-rabbit, no fluorescence was seen. A
possible explanation for this is that Protein A binds to the Fc
region of the IgG molecule (Kronvall, et al, 1970). FITC also
binds to the Fc fragment of Igs molecules, thus blocking the Fc¢
region and preventing the FITC labelled IgG from binding to the
Protein A of the bacteria,

Samples of rabbit raised viral specific antibody sensitized
bacteria and wunsensitized bacteria were overlayed with FITC
labelled anti-mouse. In the case of the sensitized bacteria, the
FITC labelled anti-mouse did not recognize the rabbit raised
entibodies attached to the bacteria and thus did not bind to
them, The FITC labelled anti-mouse was washed off and no
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fluo-escence was seen. As was the case above, no fluorescence was
seen when unsensitized bacteria were overlayed with anti-mouse
for the same reasone as discussed above, As fluourescence was only
seen when bacteria which had been sensitized if rabbit raised
antibodies were overlayed with FITC labelled anti-rabbit, it can
thus be -~oncluded that IFAT is a useful technique for determining
if the bacteria were successfully sensitized. All of these
experiments were repeated using peroxidase labelled anti-rabbit
or peroxidase labelled anti-mouse. A brown procipitate was only
found when the bacteria which had teen sensitizcd with rabbit
raised antibodies were overlayed with the peroxidase labelled
anti-rabbit (Fig 21).

It can thus be concluded from the sensitization controls that
formalized samples of §. aureus were successfully sensitized with
vi~us specific antibodies. These virus specific sensitized
samples of S. aureus could be stored at 4C until needed.

The direct immuncstaphylococcus~j ein-A test (ISPA) was
develcped dJduring the courese of this :tudy.

The number of attached bacteria per cell was counted and it was
found that the average number of attached bacteria per virus
infected cell, reacted with §_ aureus Cowan strain A sensitized
with homologous antibodies was about an order of magnitude
greater that when the same sensitized bacteria were reacted with
uniinfected cells (Table 14).

It was found, from the cross neutralization studies, that the
number of attached bacteria per infected cell was still
significantly higher than with uninfected control cells (Table
14). A= with the serum neutralization test, the Sp serotype of
IPN virus was antigenically more closely related to the VR299
serotype than to the Ab serotype. This technique was also
su, table for the serological identification of IPN virus when the
bacteria were sensitized with group polyvalent antiserum against
IPN virus.

The specifity of this technique was tested by reacting IPN virus
infected cells with anti VHS sensitized bacteria, or vice versa.
The number of attached bacteria per infected cell was similar to
the number attached to the uninfected cells,

It |is felt that this technique {s superio. to IFAT and the
immunoperoxidase assay because, although attached bacteria were
seen in the negative controls, they were easily quantified, thus
making this technique less subjective.
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There 1is one precaution which must be observed when performing
the direct ISPA test. Under no circumstances should the cell
sheet be allowed to dry once the sensitized bacteria have been
added. If the cell sheet dries cut, the bacteria will attach
irrespective of the presence of viral antigen. Once the technique
has been completed, however the cell sheets can be allowad to dry
out for storage and reference.

§.5.6. Indirect ISPA

The indirect ISPA methocu was also established during the course
of this study. In the indirect method, sampies of §. aureus Cowan
strain A were sensitized with samples of anti-rabbit 1IgG. The
results obtained when the indirect ISPA test was performed were
similar to those obtained with the direct method (Table 15, Fig
24 & 25).

I* »~.st be noted that on average, the number of attached bacteria
per ‘ell is higher in the indirect method compared to the direct

methooe. This is particularly noticc °° 1in the uninfected control
cells and cells infected with a virus not homologous to the
antibcdies used to sensitize the S§. aureus. This may be due to

incomplate washing of the cells after the virus specific anti-
bodies have been added to the cells. If all the antibodies are
not washed off, some of the anti-rabbit sensitized ¢ aureus will
react with this residue and the average numbe:r of attached
bacteria will increase. Inadequate washing can also be
problematic in the IFAT and indirect immunoperoxidase assay, but
in the case of the indirect ISPA, this can be quantified, thus
making the test less subjective,

£.6. Comparison of serological techniques.

The VIBCA test was the least sensitive of all of thz sorological
techniques which were investigated, The VIBCA test csu.d only be
used to detect viruses if the titre of the virus suspension was
greater than 3,125 x 108 TCID 50/ml. There appears to be little
difference between the sensitivities of the other tests and all
of these c?uld be used to ditect a virus with a titre of between
3,125 x 10 and 3,125 x 10 TCID S0/ml. As the sensitivities of
most of the serological tests are similar, the selection of
techniques to use is based on specificity. It was thus decided to
use the serum neutralization test and direct ISPA test, as both
these tests are very specitic. IFAT was used in conjunction with
the serum neutralization tast before the development of the ISPA
test, and this test was used throughout for continuity.
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5.7, Isolation and identification of viruses from fish in South

Africa.

The prime objective of this study was to determine if IPN virus,
IHN virus, VHS virus, herpesvirus salmonis are present in South
Africa. One approach was to attempt to isolate and serologically
identify the viruses from various populations of fish, both
diseased and asymptomatic. Another approach was to collect
samples of blood from fish for virus neutralization test on the
serum thus determining the presence of neutralizing antibodies,
which would indicate past exposure to the viruses.

Viruses were isolated from 11 of the 135 cases submitted for
examination (Appendix 2 & Table 17). 211 the isolated viruses
were serologically identified as IPN virus by IFAT (Table 18). It
was found from the serum neutralization test and the direct ISPA
test (Table 18) that these viruses were all serologically related
to the VR299 serotype of IPN virus. This 1is particularly
noticeable in the direct ISFA test where the number of attached
bacteria per cell infected with the isolated viruses and over-
layed with anti IPN VR299 sensitized §, aureus Cowan strain A
was between 4,7 and 7,5. The number of attached bacteria per
infected cell was only between 2,7 and 2,8 when anti IPN Ab
sengitized §, aureus was used and between 3,8 and 4.0 when anti
IPN Sp sensitized §, aureus was used. The number of attached
bacteria per cell was only between 0,2 and 0,4 when cells
infected with the isolated viruses were overlayed with anti VHS
sensitized $, aureus. More bacteria per cell attached when the §.
. wera sensitized with anti IPN VR299 than any other, thus
indicating that the isolated viruses were related to the VR299
gerotype of IPN virus. Samples of these viruses were sent to Dr
Hill of the Fish Disease Laboratory, England who confirmed that
the isclated viruses were indeed the VR299 serotype of IPN virus.

In case No F33/85, a low incidence of mortality was found in
trout which had been imported from Denmark by the farm
'Waterval'. The isclation of IPN VR299 virus from these trout
imported from Denmark caused much concern as this isolate is a
North American serotype and has not been reported from Europe or
Scandinavia (Hill, 1988 personal communication; de Kinkelin, 1988
personal communication). Upon further investigation it was found
that fish which had been imported from the USA had been kept in
the ponds just prior to the import of the Danish fish. A further
S50 samples of both the Danish and American fish were collected
and virus iscolation attempted. Viruses were isolated from four
pocls of five fish each, collected from the American fish, while
eix pools collected from the Danish fish showed CPE., It would
thus appear that the virus was introduced onto the site via
infected ova imported from the USA.
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Case number F100/86 (Table 17), involving fingerling rainbow
trout was of interest because it was the only time that IPN virus
was isolated from a site which reported high mortalities. This
caused some concern because none of the other sites from which
IPN virus was isnlated reported high mortalities and there are no
reports in the lLiterature of mortalities in fingerling rainbow
trout as a result of infection by IPN virus. Elazhary et al
(1976) did, however, report on stress mediated mortal.:ies in
yearling rainbow trout as a result of IPN. Upon further
investigation, however, the fish pathogenic bacterium,

, WwWas isolated from moribund fish (Bragg, unpublished
data, 1986). It 1is proposed that IPN virus was not responsible
for the high mortality rate in these fingerlings and tlat the
fish were carriers of the virus. The mortalities were as a result
of furunculosis, caused by A, salmonicida. The occurrence of IPN
virus in fingerlings which have survived an IPN virus infection
and have become carriers of the virus is well documented
(Mangunwiryo & Agius, 1988; Yamamoto, 197S5a; 1975b).

The remaining cases listed in Table 17 were all part of a survey
of trout produced on sites which sell fingerlings for restocking.
The survey was undertaken as a result of the isolation of IPN
VRZI99 virus from cases F33/8%5 and F100/86.

Large numbers of viscera samples from asymptomatic fish were
collected or a number of trout farms (Appendix 3). A viris was
isclated from samples of adult fish collected on the farm
‘Fisantekraal' in the Cape Province during June 1986. A virus was
also isolated from adult fish collected from the farm ‘'La
Rochelle' in the Sabie area of the Transvaal. Another virus was
isolated from fry collected from a TPA hatchery in Lydenburg.
These samples were collected during July 1986 (Table 19).

All three i{sclates were serologically identified as being similar
to the VRI99 serotype of IPN virus (Table 20), The CPE caused by
these 1isolates were indistinguishable from those caused by the
virus isclated from case F33/85 (Fig 26). Two of these sites,
i.e. Fisantekraal and La Rochelle had a history of imports from a
hatchery in the USA, while tfr. other site did not import from
the USA. This site is, however, in close proximity to a number of
infected sites and the virus could have been introduced to this
site via a vector such as fish eating birds. Sonstegard &
McDermott (1972) proposed that IPN virus could be transmitted by
fish eating birds, such as the great horned owl (Babg
virginiapnuyg). Fish eating birds in South Africa, such as the
hamerkop (Scopus wumbretta) or the white breasted cormorant
(Bhalacrocorax carbo) could have carried IPN virus tc this site.
Although virus was isolated from fry, which have been reported to
be susceptible (Hill, 1982), no mortalities were reported.
Similar situations have been reported before in other countries.
IPN wvirus was isolated from trout from a hatchery in England
which reported no mortalities (HMill, 1982). Upon laboratory
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of trout produced on sites which sell fingerlings for restocking.
The survey was undertaken as a result of the isolation of IPN
VR299 virus from cases F33/85 and F100/86.

Large numbers of viscera samples from asymptomatic fish were
collected on a number of trout farms (Appendix 3). A virus was
isolated from samples of adult fish collected on the farm
'Fisantekraal' in the Cape Province during June 1986, A virus was
also isolated from adult fish collected from the farm 'La
Rochelle' in the Sabie area of the Transvaal. Another virus was
isolated from fry collected from a TPA hatchery in Lydenburg.
These samples were collected during July 1985 (Table 19).

All three isclates were serologically identified as being similar
to the VRI99 serotype of IPN virus (Table 20) The CPE caused by
these isolates were indistinguishable from those caused by the
virus 1isolated from case F33/85 (Fig 26). Two of these sites,
i @. Fisantekraal and La Rochelle had a history of imports from a
hatchery in the USA, while the other site did not import from
the USA. This site is, however, in close proximity to a number of
infected sites and the virus could have been introduced to this
site via a vector such as fish eating birds. Sonstegard &
McDermott (1972) proposed that IPN virus could be transmitted by
fish eating birds, such as the great horned owl (Babg
yirginianug). Fish eating birds in South Africa, such as the
hamerkop (Scopus umbretta) or the white breasted cormorant
( r carbo) could have carried IPN virus to this site.
Although virus was isclated from fry, which have been reported to
be susceptible (Hill, 1982), no mortalities were reported.
Similar situations have been reported before in other countries.
IPN wvirsus was isolated from trout from a hatchery in England
which reported no mortalities (Hill, 1982). Upon laboratory
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investigation, this isolate was found to be highly pathogenic to
rainbow trout fry. It would thus appear that other factors such
as environment or physiological state of the fish play a role in
the outcome of infection with IPN virus.

Samples of ovarian fluid were also collected on trout farms
during the normal etripping operations. A total of 2 892
ovarian fluid samples was collected from 13 farms throughout
South Africa (Appendix 4). It was found that samples of ovarian
fluid collected from the farm 'Aquacultura' were infected with a
virus. This site also had a history of ova imports from the USA.
The virus was identified as IPN virus by IFAT and found to be
sercologically similar to the VR299 serotype by the serum
neutralization and the direct ISPA test (Table 21).

A total of 5 20) eyed trout ova from 22 different sources, most
of which had been imported into South Afri.a were examined
(Appendix S). A virus was isclated from one tat:h of about 200
eyed trout ova imported from the USA in Novembe: 1985. These ova
were imported from the same site in the USA whic!. sent ova to all
the other sites 1in South Africa, except the TPA hatchery at
Lydenburg, from which IPN VR299 virus was isolated. Samples of
the ova were ccllect:d at the airport and shipped directly to the
Veterinary PResearch Institute, These ova did not c¢ome into
contact with any local fish, or fish products. It was thus con-
cluded that the virus was isoclated from the ova imported from the
USA. The virus was serologically identified as the VR299 serotype
of IPN virus by the serum neutralization test and the direct ISPA
test (Table 22) and these results were confirmed by Dr Hill.

The fact that all of the viruses isolated from trout in South
Africa were serologically identified as the VR299 serotype of IPN
virus, plus the fact that this virus was also isolated from a
consignment of ova imported from the USA, indicate that the
virus was introduced into this country via ova imported from the
USA. All the sites in South Africa, except one, had a history of
recent ova imports from the same site in the USA, thus enhancing
the argument that this virus was imported from the USA. The
possibility that this virus was introduced from Europe is most
unlikely as the VRZ99 serotype of IPN virus has never been
isolated in Europe (Hill, personal communication, 1988; de
Kinkelin, personal communication, 1988),.

87



5.8, Detection of antibodies in fish serum

Antil-1ies capable of neutralizing the VR299 serotype of IPN
virus weore detected in fish serum collected in South Africa
(Table 23). IPN VR299 virus had been isolated from fish collected
on all sites from which neutralizing antibodies were found.

The fact that antibodie. were only detected in sites in South
Africa from which viruses were isolated must be seen as
conclusive evidence of the exposure of these fish to the virus.
This completely rules out any possibility of the iscolated viruses
criginating from laboratory contamination of samples with IPN
VR299 virus.
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