
Fig 11. CPE caused by IHN virus on A) RTG2 cells, B) BF2 cells 

and C i, D) FHM cells.

&'•* ^a. f t  • S i ^ V '

v . .  j * r

r  - ^ V 1

> .•sry i 5 S t e ? | k

*  ,L. *

£ - V *
% X 

. t
A *  • V

’> V
#fV \•

ry i r

v.: %

0

J u 5 *

Fin 12 CPE caused by A) vHS virus on P.TG2 cells, B) VHS virus 

on BF2 cells, C) VHS virus on FHM cells and D) herpesvirus 

salmonis on RTG2 cells.
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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 5 - 8 .

Table 5. Survival of viruses, as ceen by the ability to produce 

CPE after storage in 50?. glycerol

Virus Num bet- Numbe Positive Negative Survival

Stored recor (%)

st iti

IPN VR299 85 39 36 3 92, 3

IPN Ab 72 33 2* 9 72,7

IPN Sp 76 26 19 7 73,3

IHN 4 A 0 <4 -

VHS 3 3 0 3 -

Herpesvirus

salmonis <• A 0 A

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

CPE after sto/age by freezing at -20C.

Virus Number Number Posi'.ive Negative Survival

Stored recon­ (%)

stituted

IPN VR299 37 19 16 3 8 a , 2

IPN Ab u2 16 14 2 87,5

IPN Sp <♦9 26 19 7 73.0

IHN 82 3*4 32 2 9A, 1

VHS 30 27 3 .>0,0

Herpesvirus

salmonis 15

f.

A 1 80,0
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Table 7. Survival of viruses, as seen by the ability to produce 

CPE after storage by freezing in liquid nitrogen.

Virus Numbtr

Stored

Number

re c o n ­

stituted

Positive Negative Survival

(%)

IPN VR299 32 17 17 0 100

IPN Ab 10 6 6 0 100

IPN Sp 12 7 7 0 100

IHN 24 13 13 0 100

VHS

Herpesvirus

22 13 11 2 83,3

salmonis 7 2

2 °

100

Table 8. Survival of viruses, as seen by 

CPE after storage by freeze drying.

'ty to produc

Virus Number

Stored

i.umber 

recon- 

sti tuted

Positive Negative Survival

(*)

IPN VR299 5 3 3 0 100,0

IPN Ab 5 3 3
r

100,0

IPN Sp 5
3 3 0 100,0

IHN 5 3 3 0 100,0

VHS

Herpesvirus

5 3 3 0 100,0

salmonis £ 2
O
4* 0 100,0

<*.3. Virus titrations

The titres of the viruses were calculated by the 503 tissue 

culture incidence level (TCID 50). All virus titrations were 

done on 2 a w e 11 plates as described above. An tixample 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 §t al (1978)
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Example of th»> methods for the calculation of the titres of fish 

vi r u s e s .

Virus Dilution Number 

pos i t ive 

CPE

Number 

negat ive 

CPE

Total

number

positive

CPE

Total 2 

number 

negative 

■ :

Percent

mortality

Herpes - 0 4 0 18 0 100

virus -2 A 0 14 0 100

salmonis -<• 4 0 10 0 100

-5 3 1 tj 1 85

-6 3 1 3 2 60

-7 0 4 0 6 0

1 ■ Total number of positive CFE as added from the highest 

dilution to the lowest dilution,

2 » Total number of negative CPE as added from the lowest 

dilution to the highest dilution.

If 5<J% CPE was obtained with a particular dilution, this 

dilution ir used tc cal:jiatr' the TCID SO/ML. If, as is the case 

above. the i CPE tails between two dilutions, the proportional 

distar. between theie tw dilutions must be calculated according 

to the methods tet out below:

SO'-. - CPE AT DILUTION BELOW

* CPI AT DILUTION ABOVE - % CPE AT DILUTION E£LOU

50 -

----------  . —  . 0,93

6 0 - 0  60

The TCID 50 was calculated ?.s fol-iowi:

Log of the lower d i’jtiion minuc 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

- 8 , 8 8

0.1 ml of a 10 dilution * 1.5 x 10 = 1  TCID SC

Titre in TCID 50 per ml * 1/1.5 x 10 “ 8 * 6.*6 x 10
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The results of the titrations of a sample of the VR299, Ab arid Sp 

serotypes of IPN virus, IHN virus, VMS virus and herpesvirus 

sa'.monis were recoided {Tib.le 9). These results are from 10 

repetitions on the same virus sample.

Table 9. Titres of a sample of • . h of the reference viruses.

Virus TCID 50

IPN VR299 

IPN Ab 

IPN Sp 

IHN

VHS

Herpesvirus salmonis

4.065 x 10® 

1.747 X 10 

5.741 X 10® 

4 167 X 10®

4.706 X 10® 

4.600 x 10

4 . 4. Plaque assay

The atility of the different serotypes of IPN virus to form 

plaques on th*-. PTG.: cells were investigated as described. This 

technique was carried out a number of times and the results 

recorded 'Table 10 4 Fig 13).

Table 10 Results obtained frcm the plaque assay with the s e r o ­

types of IPN virus on PTG2 cells.

Serotype Number of 

attempts

Number

S u c cess­

ful

Number 

Unsucces s- 

ful

Success rate

<*)

IPN VR299 6 3 3 50,0

IPN Ab 4 3 1 75,0

IPN Sp 6 4 2 6 e , 6

The plaques were counted and used to determine the titre of the 

viruses in pfu/ml (Table 1 1 ),
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Table 11. Tit res of the vlrur.es expressed in pfu/ml for tine 

different serotype* of IPN virus. Results for IPN VR299 virus 

are from Fig 13.

Virus Dilution Volume Number of Titre/ Titre

(ml) Plaques dilution

IPN VF299 i o " ! 0.5 34 6,8 X 10*

10* » 

10* 4

0.5

0.5

8

3

1 . 6

2 X

X 10* 

10* 1 42 X 104

IPN Ab 10* 1 0.5 * 7 3 . 4 x 10*

103

1 0 3

io: 32

10

0.5

0.5

10

4

2

8

X

X 3 45 X 10*

IPN Sp 1 0 - \ *
1C-

10

0.5

0.5

0.5

35

18

8

7

3

1

X
. 6 

.6

103 

X 104 

X 10* 6 77 x i o 4

T 13 Plagues ; r duced by IPN VR299 on RTCJ2 cells. Well no. 1

is a negative onti Mtlll 2 ira in icasing 10-fold

dilutions from 10"*to i0“*Of IFN VR299 virus. Plaques can be seen 

in wei Is n o . 2 - 4 .
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Table 11. Titres of the viruses expressed in pfu/ for the 

different serotypes of IPN virus. Results for IPN > 299 virus 

are from Fig 13.

Virus Dilution Volume

(ml)

Number of 

Plaques

Titre/

dilution

Titre

- 2

IPN VR299 10 0,5 34 6,8 X 10*

10 ‘ * 0,5 8 1,6 X 1 0 4

10" 4 0.5 3 2 X 10* 1 ,42 X 104

IPN Ab 10“ 1 0,5 17 3.4 x 1 0 2

10" I 0,5 10 2 x 10*

1 0 - 3 0,5 4 8 x 10* 3.45 x 10*

IPN Sp

10-32

0,5 35 7 x 10*

10 ?
0.5 16 3.6 x 1 0 4

10" 0.5 6 1.6 x 106 6.77 x 1 0 4

Fig 13. Plaques produced by IPN VR299 on RTG2 cells. Well no. 1 

is a negative control. Wells 2 - e are increasing 10-fold 

dilutions from 10*ato 10“®of TPN VR299 virus. Plaques can be seen 

in wells no. 2 - 4 .



4 9

4.5. Virus concentration and electron microscopy

Samples of the VF.299, Ab and Sp serotypes of IPN virus were 

concentrated by ultra-centrifu^ation and the pellets resuspended 

as describe! previously. The viruses were negatively stained 

according to the methods described previously and examined in the 

electron microscope (Fig 14). A number of empty capsules can be 

seen (Fig arrowed) in the negatively stained preparation of 

concentrated virus particles.

Samples of cell cultures infected with th^se viruses were 

prepared according to the K.ethods set out above, sectioned and 

studied in the E M .  (Fig 15).

Fig. 14. E let. iron 

mi rogra-hs of concen­

trated IPN VP.299 virus 

from RTG2 cells 

showing CPE which have 

been stained with 2". 

Fhosphotungsti' acid. 

Empty virus particles 

can be seen (arrowed)
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Fig. 15. Electron micrograph cf IPN VR299 (arrowed) in ultrathin 

section of infected RTG2 cells.



4.6. Se- ^logical identification of IPN virus.

4.6.1. Ant isera

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 1 C'"* TCID 5 0 /ML. After the last inoculation the rabbits 

were bled and the sp*- ificity of the antibodies tested according 

to the meth Is dis uss*d in th Methods and Materials section.

F.abtit anti IPN VR~>9 serum diluted to 1/1000 was capable of 

neutralising all the viruses in a 1 0“4 dilution of the stock IPN 

VR299 sample (titre = 3,1623 X 1 0“* TCIC 5 0 / M L ) . Samples of the 

antiserum were stored in liquid nitrogen. Antibodies against *he 

VR299 serotype of IPN virus were ra: nly once in rabbits. No

neutralizing activity was found when samples of rabbit raised

• nt.i IPN Vp^99 was mixed w i t’i VHS virus or IHN virus, thus 

indi ating that the antit dies raised in the rabbits were 

specific for IPN virus

4. ( .2 ferologlcal tosts

4.6 2 1 Indirect immuncfluorescent antibody test.

The indirect immunofluorescent antibody test was carried out 

according to the techniques discussed in the Methods and 

Materials section <ind the results recorded (Table 12, Fig 16). 

The indirect immun fluorescent antibody test (IFAT) was carried 

out on the different serotypes of IPN virus and VHS virus. Photo­

graphic evidence of this technique carried out on non-infected 

cells is not presented as these were entirely dark and not 

possible to photograph.
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Tacle l~. Results jt* the indirect Lmmunofluorescent antibody 

tests carried out rn .ells infected with IPN virus or VHS virus.

Virus used to 

infect cells

Ant i ser";n No. of 

test

Numcer

Successful

Number

unsuc­

cessful

IPN VR299 IPN VR299 13 11 2

IPN Ab IFN Ab 9 8
1

IPN Sp IFN Sp 8 7 1

VHS VHS IS 15

IPN VR299 Poly.2 IPN *
0

IPN : ly. IPN 0

IPN Si- Poly. IFN 3
0

IPN VR299 IPN At 3

IPN VR.:*9 IPN Sp 3 *» 1

IFN At IPN VR299 *4 A.
IPN At IPN Sp *0 1

IFN Sp IFN VF.259 -4 1

IPN Sp IPN At

polv. IFN

IPN VR299

IFN At

IFN Sp VHS

1 IPN VF.U9

Control cell* IPN Ab

Cor.trcl ceils IPN Sp

Contr:l cells VHS 8

1 * '.'n infect*.: cells used as negative controls

- * jr:cp p : Iwaier.t anti IPN serum

- - _ 1. lamunoper:xi3ase test.

The .ndirect immunoperoxidase test was done according to the 

method* described earlier A positive result was recorded wnen a 

cr:wn precipitate was :>bser''ed on the cells (Fig 1"). The 

ndire . r immunoFer ?xidase assav was only carried out. twice on 

cells infected with IPfJ virus and twice on RTG2 cells 

infected with VHS virus. There are thus not sufficient 

repetitions t. Jraw any meaningful conclusions on the use of this 

technique for the serological identification of these viruses. It 

should however be noted that positive results were obtained in 

ail four tests when using homologous virus and antisera.
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Fig 36. Positive immunofluorescence on RTG2 cells infected with 

IPN VR299 virus and stained by the indirect immunofluorescent 

antibody technique.

Brown pre ipitate (arrowed) indicating a positive result 

when the indirect immun:peroxidase assay was done on RTG2 cells 

infe;ted with IPN VR229 virus.



A.6.2.3. Serum neutralization test

The serum neutralization test was carried out successfully a 

number of times. Serum neutralizations were done on the R T G 2 , BF2 

and FHM cells and the results recorded (Table 13). Typical n e u t ­

ralization results obtained when IPN VR299 virus was mixed with 

anti IPN VR299 and inoculated onto RTGH 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 onto the cells. The vertical row of 

wells on the left of the plate were negative controls. 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 IFN VR299 virus which had been mixed 

with equal vol • !' anti IPN VR299 or anti VHS. The bottom two 

horizontal rows of wells, excluding the first well of each row, 

were Inoculated with a dilution of IPN VR299 virus, corresponding 

to the dilution used to inoculate the wells above, which had been 

Biixed 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 rot teen neutralized (Fig 19). The last three wells which 

were inoculated with dilutions of IPN VR299 virus which had been 

mixed with anti IPN VF.299 were undamaged, thus indicating that 

the virus had been neutralized. Pertial neutralization was found 

when the sample of IPN VR299 virus was diluted to 1 0“ 1 or 1 0“* 

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.
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Table 13. Results of the serum neutralization test on different 

i-ell lines.

Virus Antiserum N e u t . 

index 

greater 

than 1

N e u t . 

index 

less 

than 1

Average 

N e u t . 

index

IPN VR299 IPN VR299 8 0 >6

IPN Ab IPN Ab 6
o

>6

JPN Sp IFN Sp 8 0 >6

VHS VHS 12 0 >6

IPN VR299 Polyvalent 1 4 0 >6

IPN Ab Polyvalent 2 0 >6

IPN Sp Polyvalent 4 0 >6

IPN VR299 IPN Sp 3 1 2.50

IPN VR299 IPN Ab 2 A 1.80

IPN Sp IFN VR299 A 0 3.70

IPN Sp IPN Ab 2 2 2.10

IPN Ab I°N VR?99 2 1 2. 00

IPN Ab IPN Sp 2 1 1 .95

IPN VR299 VHS 0 4 < 1

VHS Polyvalent 0 4 < 1

1 » Croup polyvalent antiserum against the serotypes of IPN

Fig 18. Positive neutralization obtained when an increasing 

dilution of IFN VF^>9 virus was mixed with anti IPN VR299.
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Fig 19. No neutralization obtained when diluted samples of IPN 

VR299 virus were mixed with anti VHS.

*.6.2.4. Direct immunostaphylococcus-protein-A test.

Samples of ^  aureus Cowan strain A were successfully 

reconstituted and found to be pure cultures according to the 

methods described previously. The formalin inactivation of the 

bacteria was succes-sful, as can be seen by the absence of growth 

on samples plated onto BTA plates. Samples of bacteria which had 

not b-.-en formalin inactivated did grow on the BTA plates under 

the Baue conditions. The successful binding of viral specific 

antibodies to the formalized bacteria was tested by the 

fluorescent antibody technique or the immunoperoxidase assay 

according to the methods described in the Methods and Materials 

section. Fluorescence, or a brown precipitate was seen when 

rensitized S.. aureus bacteria were reacted with FITC or peroxi­

dase labelled anti-rabbit (Fig 20 & 21). No fluorescence or brown 

precipitate was seen when unsensitized S^ aureus was reacted with 

either FITC or peroxidase labelled anti-rabbit. No fluorescence 

or brown precipitate wai found when sensitized and unsensitized 

aureus were reacted with FITC or peroxidase labelled goat 

a n t i - m o u s e .
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Fig 20. Fluorescence seen on S_ aureus Cowan strain A cells which 

were sensiti^-d with rabbit raised antibodies and stained with 

FITC labelled anti-rabbit.

Fig -1. fesults obtained when sL aureus Cowan strain A bacteria 

wh: ;h were sensitized with rabbit raised antibodies, were over- 

layed with peroxidase labelled anti-rabbit and covered with 3'3 

dianin' benzidine tetrachloride. The bacteria are a brownish 

colour as a result of the reaction between the peroxidase and the 

substrate
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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 info;ted 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 attached 

bacteria per cell (Table 14). In the cases were the virus and 

antit dies were not homologous, or when uninfected cells were 

lifted, few bacteria were found to attach to the cells (Fig 23). 

These bacteria were also counted and recorded (Table 14).

Fig .2. Viral specific antibody sensitized S^ aureus Cowan strain 

A (arrowed) attached to viral infected cells when the antibodies 

and virus were homologous.



Fig 23. Viral specific 

antibody sensitised S . 

auieup Cowan strain A 

(arrowed) non- 

specifically oound to 

uninfected control 

cells. The number of 

attached bacteria is 

greatly reduced when 

compared to Fig 22

Table 14. 

the direct 

which were

Average number of

”7.

*

•.# * 

$

A

- 1

, ' ■> V
sjf

&  1

1 4\ l**'

k i:

v

tf.
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ISPA

uninfe:

test

t e d .

per c e ' 1 as calculated from 

Control cells in this table were cells

Virus used 

to infect 

cel Is

Antibodies 

used to 

label 

3 u r © ■j s

1—

Number

of

tests

Average No of Bact./cell

Infected

cells

Control

cells

IPN VR299 Anti IPN VR299 5 3.7 0.3

IPN Ab Anti IPN Ab 5 4 . 1 C 2

IPN Sp Anti IPN Sp 5 5.8 0.5

IPN VPJ99 Anti P o l y .* IPN 5 4.2 0.2

IPN Ab Anti Poly. IPN 5 4.3 0 . 3

IPN Sp
Anti Poly. IPN

c

3.8 0.3

VHS Anti VHS 5 2.3 0.1

IPN VR299 Anti IPN SP 5
2.7 0.2

'.PN VRi.99 Anti IPN Ab 5 1.9 0.4

IPN Sp
Anti IPN VR299 5 3.1 0.2

IPN Sp
Anti IPN Ab

C.
2.1 0.2

IPN Ab Anti IPN VR239 s 1 .8 0.3

IFN Ab
Anti IPN Sp 5 2.3 0.3

VHS
Anti IPN VR299 5 0.2 0.2

VHS
Anti Poly IFN 5 0.3 0.3

IPN VR299 Anti VHS 5 0 . 2 0.2

1 * Group polyvalent anti IPN serum
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u. 6.2.5. Indirect ISPA test

Th*j results of the st -ibi I ization of Su aureus Cowan strain A were 

similar to those obtained for the direct method. The stabilized 

Sj. aureus for the indirect ISPA test were successfully sensitized 

with goat anti-rabbit as described. The results of the indirect 

I SPA test are giv*»n in Table 15. It was found that the bacteria 

sensitized with ,'nti-rabbit IgG attached to the cells if the 

rabbit raised viral specific antibodies used to overlay the cells 

corresponded with the virus which was used to ^nfect the cells 

(Fig 24). Hcwever, some bacteria still attached, non-specifically 

to the negative control cells (Fig 25).

Fig 2* Attached bacteria (arrowed) on virus infected cells in a

successful indirect ISPA test.
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Fig 25. Some attached bacteria (arrowed) attached to negative 

control cells. Tf.e numbe- of bacteria is greatly reduced when 

compared to Fig 24.

'.'able 15 The average number of bacteria per cell as calculated 

fro® the indirect ISPA test. The aureus for these tests were 

sensitized with goat anti-rabbit. Control cells in this table 

were uninfected cells.

r — ..................

1 Virus used 

to infect

cel 1 j

Ceils

overlayed with 

rabbit raised:

Number

of

tests

Average No

...............................
of Bact./cell

Infected Control

IPN V R 299 Anti IPN VR299 5 10.9 0.6

IPN Ab Anti IPN Ab 5 2.7 0.5
IPN Sp Anti IPN Sp 5 e . i 0.6

IPN VR299 Anti Poly. IPN 5 6.5 0.3

IPN AD Anti Poly. I^N 5 5.4 0.3

IPN Sp Anti Poly. IPN 5 3.7 0.3

VHS Anti VHS 5 4 . 9 0.7

VHS Anti IPN VR299 5 0.7 0.6

VHS Anti Poly IPN
IT

0 . 3 0.4

IPN VR299 Anti VHS 5 0.4 0.4



<*.6.2.6. Viral induced bacterial co-agglutination test. (VIBCA)

The viral induced bacterial co-agglutination (VIBCA) test was 

done a number of times (Table 16, Fig 26). Controls consisted of 

combinations of different viruses with unser.sitized £L aureus and 

combinations of virus and aureus which had been sensitized

with heterologous virus specific antibodies.

Fig 26. P.*?sults of the VIBCA test. A) Positive VIBCA, showing 

clumps of barteria and B) negative controls showing an even 

distribution of bacteria.

4

i & i
♦



Table 16. Results of the VIBCA test with different combinations 

of antigens and sensitized aureus Cowan strain A bacteria.

V i r u s . Sensitized §A aureus No. pos N o . neg

IPN VR299 Anti IPN VR299 e 1

IPN Ab Anti IPN Ab A 0

IPN Sp Anti IPN Sp 5 0

VHS Anti VHS 10 0

IFN VR299 Anti polyvalent IPN 5 0

IPN Ab Anti polyvalent IPN 5 0

IPN Sp Anti polyvalent IPN 5 0

VHS Anti IPN VR299 0 5

VHS Anti polyvalent IPN 0 5

IPN VR299 Anti VHS 0 5

IPN Ab Anti VHS 0 3

IPN Sp Anti VHS 0 3

Medium Anti IPN VR299 0 5

Medium Anti IPN Ab 0 U,

Medium Anti IPN Sp 0 A

Medium Anti polyvalent IPN 0 3

Medium Anti VHS 0 3

IPN VR299 Uns^nsi tized 0 2

IPN Ab Unsensit ized 0 2

IPN Sp Unsensitized 0 2

VHS Unsensitized 0 2

a , 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/mi 

by the methods described earlier. The virus could be identified 

by It'AT 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 test 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 1 0 9 TCID 50/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 

isolations on all the samples were attempted. A total of 3 147 

samples of fish from 137 cases were investigated from January 

1983 to the end of August 1987. Viruses w.*e isolated from 11 

different cases (Table 17). A negative result was recorded if no 

CFE were found after two passages of the sample. If cell damage 

was obtained on the first passage but not on the second passage 

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

result was orly recorded if a sample was positive on the first 

and second passage or on the second passage alone. All samples 

which showed positive . ssults were serologically identified and 

the results recorded (Table 18). A complete list of all cases 

processed from January 1983 to the end of August 1987 is 

presented in Appendix 2.

All p sitive i s i a ' i o n s  produced CPE indistinguishable from those 

produced by IPN virus (Fig 27).

Table 17. Cases from which viruses were isolated from January 

1983 to the end of August 1937.

Date Case No. Site Age Number 

of fish

Cells

28/6/85 F33/85 Waterval Fry 155 P.TG2/BF2

28/6/66 F100/66 Machado R.T. F i n g e r . 10 RT-32

3 >/*< FI 10/86 Mondi Hatchery Fry 95 RTG2/FHM

3/9/86 F 112/86 Mondi Hatchery Fry 5 BF2/FHM

3/9/86 F 119/86 Kingfisher Fry 25 RTG2/BF2

3/9/86 F122/86 Sperwing Fry •25 . RTG2/FHM

3/9/86 F125/6to Katrina's Rust Fry 30 BF2/FHM

3/9/86 F 126/86 K a t r i n a’s Rust Fry 20 BF2/FHM

3/9/86 FI27/86 Katrina's Rust Fry 150 BF2/FHM

3/9/86 F 130/86 Fisantekraal Fry 15 RTG2/EF2

24/9/86 F135/86 Fisantekraal Fry 15 RTG2/BF2

1 * Machado Rainbow Trout

2 * Fingerlings



Table 18. Results of the eerum neutralization test, I FAT and the 

direct ISPA tes- carried out on the viruses isolated from 

diseased fish.

Case Nc Antiserum Neuts I FAT * direct ISPA3 

average no bact/cell

Infected Control

F33/8S Ant i IPN VR299 C

4

P o s 7 5,6 0,3

Anti IPN Ab P

5

Pos 2,7 0,3

Anti IPN Sp P Pos 3.8 0.3

Ant i VHS N

6

Neg * 0,3 0,3

F33/85 ,A ) Anti IPN VR299 C Pos 6,7 0,5

Ant i VHS N . D. N.D N.D. N.D.

F33/8£ (D) Anti IPN VP. 299 Pos 4 , 2 0,4

Anti VHS N .D. N. D. N.D. N.D.

F100/66 Anti IPN VR299 C Pos 5.7 0,4

Ant i VHS N Neg 0.4 0,3

FI 10/66 Ant i IPN VR299 C Pos 7.5 0,7

Anti IPN Ab P Pos 2.8 0.3

Anti :. N
sp P Pos 4.0 0.3

Anti VHS N Neg 0.4 0,3

FI 12/66 Anti IPN VR299 Pos 5.7 0,4

Ant i VHS N .D. N. D. 0.3 0.2

F U 9 / e 6 Ant i IPN VF.299 C N. D. 5,3 0.3

Ant 1 VHS N . D. N. D. 0,2 0,3

F 122/86 Ant i IPN VP 299 C Pos 5,3 0,3

Ant i VHS N .D. N.D. N.D. N.D.

F125/86 Anti IPN VR299 C Pos 5,6 0.3

Ant i VHS N . D. N.D. 0,3 0,3

F 126/86 Anti IPN VR299 C N.D. N.D N.D.

Anti VH-- N .D. N.D. N.D. N.D.

F 122/86 Ant i IPN VR299 C N.D. N.D. N.D.

Anti VHS N N.D. N.D. N.D.

F 130/86 : IPN VF.299 C Pos 4,7 0,2

Anti VHS N Neg N.D. N.D.

FI 35/86 Anti IPN VR299 C 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

<• » complete neutralization.-

5 * Partial neutralization: neutralization index greater than 2

but less than 3.

6 * no neutralization: neutralization inde:: less than 1.

7 = Positive immunofluorescence 8 = Negative Immunofluorescence 

9 ■ Not done



Fig 27. CPE on FTG2 cells? produced by the viruses isolated from

the cases presented in Table 17.

'•.9. Isolation and i ientif ication of viruses from viscera samples

of asymptomatic fith.

Samples of rainbow trout were collected from farms at six monthly 

intervals and processed according to *he methods discussed in the 

Methods and Materials section. A total of 7 133 samples of 

asymptomatic fish, consisting of l 905 fry, 1 385 fingerlings and

3 843 slaughter fish were *;llected end tested (Appendix 3). 

Negative results were listed if no CPE were seen at ter two 

passages. 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 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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*. *. Isolation and identification of viruses from viscera samples

of asymptomatic fish.

Samples 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 collected and tested (Appendix 3). 

Negative results were listed if no CPE were seen after two 

pa*s«*es. 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 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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Table 19. Viruses isolated from samples of asymptomatic fish.

Date Site Age Sample Number of 

fish

Cells

9/6/e6 Fisantekraal sa V 1 150 RTG2/BF2

16/7/86 La Rochelle s
V a 120 RTG2/BF2

17/7/86 TPA Lydenburg Fi y w* 140 RTG2/BF2

1 « Viscera (Liver, spleen 4 kidney)

2 ■ Whole fish (fish too small to eviscerate)

3 • Slaughter fish (and less than 1 year old)

4 * Transvaal Provincial Administration

Table 20. Penults of the serum neutralization test, IFAT and the 

direct ISPA test done on the viruses isolated from viscera 

samples of asymptomatic fish.

Date Site Antiserum Neuts

2

IFAT direct ISPA® 

Average no. 

bact/cell

Test Control

9/6/86 Fisantekraal Ant i IPN VR299 c Pos 6,8 0,3

Ant i IPN Ab p Pos 2,6 0,3

A n d IPN Sp p Pos 2,9 0,2

Anti VHS N Neg 0.2 0,3

16/7/86 La Rochelle Anti IPN VR259 C Pos 5.8 0.2

Anti IPN Ab P Pos 2.8 0,3

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 0,2

Anti IPN Sp P Pos 3,0 0.4

Anti VHS N Neg 0,4 0.3

1 * Neutralization

2 * Indirect immunofluorescent antibody test

3 * Immunostaphylococcus-Protein-A test
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a .10. Isolation and identification of viruses from ovarian fluid

samples from asymptomatic fisli.

Samples of ovarian fluid were collected as part of a health 

certification scheme 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 virus (Appendix 4). The virus which was 

isolated caused similar CPE on the cells to the virus isolated 

from diseased fish (Fig 27). This virus was serologically 

identified as U N  virus by I FAT (Table 21) and as the VR299 

serotype by the serum neutralization test and the ISPA test 

(Table 21).

Table 21 Results of the serological identification of the virus 

Isolated from ovarian fluid from asymptomatic fish.

Date Site AntIstrum Neu t * I FAT * Direct ISPA3 

Average No. 

bact/cell

Test Control

2*./7/66 Aquacultura Anti IPN Vfc299 C Pc.'> 5.4 0,2

Anti IPN Ab P Pos 3,0 0,2

Anti IPN Sp P Pos 3.6 0.2

Anti VHS N Neg 0,3 0,3

1 ■ Serum neutralization

2 » Indirect fluorescent antibody technique

3 ■ Immunos'•aphylococcus-Frotein-A test

* 1 1 .  Isolation and identification of viruses from eyed ova.

Samples of e/ed ova were collected, either at Jan Smuts Airport 

or on farms, and the virus isolation procedures were attempted. A 

total of S 200 ova from 22 consignments were examined (Appendix 

5) and a virus was isolated from one consignment of ova imported 

from the USA on 2/11/05. The CPE produced by this virus was 

similar to the CPE produced by the virus isolated from diseased
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fish i FI* 2^). The virus u-v t, urological ly Identified as the 

VR299 serotype u‘ IPN by th ru:’ neutral isatlon test and the 

direct ISPA test Table 22.) .

Taole 22 Results ot the ser: logical identification of the virus

isolated fr m eyed trout ova

Date Case No Antiserun N e u t 1 I FAT * Direct ISPA 

Average No 

Bact/Cell

Test Control

2/11-85 F56/86 Anti IPN VR299 C Pos 5. * 0.3

Anti TPN Ab P Pos 2,8 0.3

Anti IPN Sp P Pos 3.6 0.2

Anti VHS N Neg 0.2 0.3

1 • ierjn ne-:tralisati r. test

2 ■ Indirect fluoresce * antibody test

3 • Iffsun stapnyloe oco** -Protein-A test

- li Detect} ti f - tibr-dlea in trout serum

Si 3 tr:*es w  - essfully collected bv the methods set out

in th* Me-ncds anc Material# Si . n Samples of the serum were

n test , A total t 213 serum 

lifferent sites were collected liable 2 3 ). 

.sea use : in ttta /irus neuti ilisation tests were the V R 2 9 9 . Ab 

ana Sp *er * pes r ZPN . : r-s and /HS virus. Neutralising anti- 

r lies 3i?j. * * • e VPH ■ •: type of IPN virus were detected in 

23 of the 11! serun samples Table 23;



Table 23. Serum samples collected for the detection of 

neutralizing antibodies.

Si te/Case Sample No. Virus Cel 1 s Results

Mondi (H.itch) 7 VHS RTG2/BF2 N 2

Pleasantways 1 - 6 VHS RTG2/BF2 n

S. Gifford 1 -
r

VHS RTG2/BF2 N

Mondi (Hatch) 1 - 7 IPN VR299 RTG2/BF2 N

Pleasantways 1 - 6 IPN VR299 P. TG2/BF2 N

S. Gifford 6 IPN VR299 RTG2/BF2 N

Uaterval A 1 IPN VR299 RTG2/BF2 N

(F 33/85) A 2 IPN VR299 RTG^/BF2 C 1

••
A3 - A8 N VR299 RTG2/BF2 N

• I
A9 IPN VR299 RT02/BF2 C

(t
A10 IPN VR299 KT02/BF2 N

It
D1 - D5 IPN VR299 P.TG2/BF2 C

(•

D6 - D7 IPN VR299 RTG2/BF2 N

M
D9 IFN VR299 RTG2/BF2 C

M
D9 - DIO IPN VR 299 P.TG2/BF2 N

ft
A 1 - a : VHS RTG2/EF2 N

«t
D1 - DIO VHS h : . •■ r : N

Waterval 1 - 6 IFN VR299 RTG2/BF2 N

Watcrvai 1 6 VHS P.TG2/EF2 N

Mondi (La 

Roche 1l e ) 1 IPN VR299 RTG2/BF2 N

Mondi (La 

Roche 1l e ) *  “ IPN VR299 RTG2/BF2 C

Mondi (La 

Rochelle > 9 IF N VR299 RTG2/BF2 N

Mondi (La 

R o c h e l l e ) 10 1m IPN VR299 RTG2/BF2 C

1 • Complete neutralization

2 ■ No neutralization



5. D I S C U S S I O N

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 RTG2. B F 2 , FHM and GB 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 isolation of viruses from fish. Hill (l?76a) states that the 

IT2 and BF^ alls should be used for the isolation of IPN 

ses Amos 11385! and Hill (1976a) state that FHM ceils should 

be used for the isolation of IHN virus and VHS virus.

S.;me of these cell lines were reconstituted by the supply company 

and supplied as confluent cultures. This method oi obtaining 

:eiia was f:>und to fce unsatisfactory as some cultures were 

l o n t a m m a t e d  on arrival and others had detached from the culture 

vessels, possibly due to mechanical damage. Another supply 

oBFany supplied :j.tures in a frozen state, directly from the 

ATCC and these cultures were reconstituted in the laboratory. 

This metn.d of ottainir.g cells was found to fce preferable.

The pr:;edures f;r the passage and propagation of all four cell 

lines were successfully established and these cell lines were 

passaged a nuir.cer f rimes Tafcle 1) with success rates varying 

frcm -.5% to d*". - me f the unsuccessful attempts to passage the 

.ells could fce s ' T i b u t e d  to bacterial conta m i n a t i o n . The sources 

of bacterial contamination varied and included contaminated 

batches :f media or ATV and in s:me cases. contamination during 

passage or feeding of cells. Bacterial contamination problems in 

the media were eliminated by storage of the media at room 

temperature after pr-1ucti:>n f :>r 1-4 days Contaminated bottles of 

medium could be identified by turbidit/ and were removed. 

Contaminated ATV was filter sterilized. It was four that 

stringent sterile procedures had to be observed when passj^ing or 

feeding the ceil cultures and this greatly reduced contamination 

problems The higner success rate obtained with the BF2 cells 

could be explained fcy the fact that this was the last cell line 

to fce obtained and s me experience in working with cells had been 

acquired

All cultures were observed daily and the time required to reach 

100% confluency recorded (Table 2 i Fig 5 - 8). No efforts were 

made to establish optimal incubation temperatures for the
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5.1 Tissue culture

The establishment cf the procedures for the passage and 

propagation of fish ceil lines was the first priority of this 

project To this end, samples of RTG2, B F 2 , FHM and BB cells 

were obtained from the ATCC. These particular cell lines were 

used firstly because of there commercial availability from the 

ATCC through varic .s supply companies in this country (Flow 

Laboratories or Sterilab Services) and secondly because various 

authors state that these cell lines are the most sensitive tc use 

for isolation of viruses from fish. Hill (1976a) states that the 

RGT2 and BF2 cells should be used for the isolation cf IPN 

viruses Amos (1985) and Hill (1976a) state that FHM cells 3houid 

be u."«ed for the isolation of IHN 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 four.d to te unsa .sfactory as some cultures were 

contaminated on arrival and ot'ners had detached from the culture 

vessels, possibly due to mechanical damage. Another supply 

:ompany 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 be preferable.

Tbt procedures fcr the passage and propagation of all four cell 

]• .^s were successfully establisned and these cell lines were 

passaged a numter if times Table 1 i with success rates varying 

from 65% to 89*. Some of the unsuccessful attempts ti passage the 

:ells could be attributed to bacterial contamination. The sources 

of bacterial contamination varied and included contaminated 

Latches of media or ATV and in some cases, contamination during 

passage or feeding of cells. Bacterial contamination problems in 

the media were eliminated by storage of the media at room 

temperature after production for 1* days. Contaminated bottles of 

medium could be identified by turbidity and were removed. 

Contaminated ATV was filter sterilized. It was found that 

stringent sterile procedures had to be observed when passaging or 

feeding the cell cu'tures and this greatly reduced contamination 

problems The h-Pher success rate obtained with the BF2 cells 

could be explained by the fact that this was the last cell line 

to be obtained and s.me experience in working with cells had been 

a c q u i r e d .

All culture! were observed daily and the time required to reach 

100% confluency recorded (Table 2 •& Fir 5 - 8 ) .  No efforts were 

made to establish optical incubation temperatures for the



different ceil 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 A 

Guimby, 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 2<*C did.

It was decided to incubate RTG2 cells at between 19C - 22C as 

most authors state that the optimal temperature for growth of 

this ceil 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 ceils 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 BF2 ar.1 FHM cell lines grew fast and seldom had to be fed, 

thus reducing tne chances of bacterial contamination. Most of the 

cultures of R T j2 and BB cells were fed during incubation. It 

should be noted that the success rate, when passaging BB cells, 

was the lowest. As this ceil line had to be fed during 

incubation, tne chances of bacterial contamination are high and 

thus the low success rate All tut the BF2 cells were found to 

survive for long periods, up tc- 2 months, if fed with maintenance 

medium containing -I FCS. The BF2 cells on the other hand, 

started degenerating af-er about l-» days of incubation. The 

degeneration of tnis cell line proved problematic when attempting 

to isolate viruses.

The cells were passaged on;e m e y  were confluent and in most 

cases the splitting of tne culture to produce three new cultures 

proved mcsr effective One 75 fias* was used to seed three 2a

well plates In tne case of the faster growing cell lines (BF2 

and FHM . four 2* well plates could be made with equal success.

Samples of ail four cell lines were stored in liquid nitrogen for 

periods varying from two wee*s to over 2 years and were 

successfully reconstituted (Table 3). High success rates were 

obtained when the BF2. BB and FHM cell lines were frozen and 

reconstituted (65,91*, ~>Q, 007. and 100" respectively). In the case 

of the BF2 cells, 29 out of * 4  attempts to reconstitute these 

cells were unsuccessful. Four of these could be attributed to 

bacterial contamination. 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 cellr 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 line (Table 

3). They often took very long to attach and reach ICO?, confluency 

after freezing. These cultures had to be fed often and bacterial 

contamination accounted for the loss of three cultures. The RfG2 

cells had the lowest success rate (Table 3). This was Jue mainly 

to the fact that some of the frozen cultures orig ..ated from 

contaminated cultures. The contamination was suppressed by the 

antibiotics in the growth medium and only became apparent after 

the cultures had been frozen arid reconstituted. Higher success 

rates were obtained with other batcnes of RTG2 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 Withi bacterial contamination 

were experienced in the early stages. These ceil lines could also 

be stored in liquid nitrogen and successfully reconstitutea.

5.2 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 

prodjced by these viruses had to be established before any 

attempts could te made to isolate viruses from the field.

Samples of IHN virus, VHS virus, herpesvirus saimonis and the 

VR299, At and Sp serotypes of IFN virus were inoculated onto the 

P.TG2. E F 2 , 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 cells. This 

corresponds to the results found by Vestergard-Jorgensen & Kehlet 

(1971). IHN virus and VHS virus did not produce CPE on the BB 

cells (Table u & Fig 10 - 12) while herpesvirus saimonis only 

produced CPE on the RTG2 cells (Table 3 4 Fig 12). These results 

correspond to those reviewed by Wolf & Mann (1S80) 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 lines 

(Table 4). Low success rates were also obtained when the Ab and 

Sp serotypes of IPN virus were inoculated onto the different cell



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 t.ie low success rates could 

be a build-up of defective interfering (D I ) particles. Nicholson 

A Dunn (1974) proposed that the inhibition or reduction of IDN 

VR29? 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 ci*ed in Nicholson A Dunn, ’3 7 and these particlei: 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 p ssibly allowing for a build-up 

of DI particles (Nicholson 4 Dunn, 1974) and this could 

adequately explain the low success rates obtained when 

inoculating cells with IrN 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 th*» undiluted stock samples were 

inoculated onto cells (Huan^, I9"’j. as cited in Nicholson A Dunn, 

l ■ in m:st cases cells were inoculated with a 1/2000 dilution 

: the reference viruses. This high dilution factor should have 

eliminated mcst of the pi I which could have been caused by

; . In some cases, h o w e v e r , particularly when

attempting to increase the titre of the viruses, undiluted 

culture f.u;d was direitly p:tss»ged onto new cell cultures, thus 

increasing the p -5®±bi1 ities for interference by DI particles.

The third feasible reas;n for the low success l ates could be the 

fact that IPN .irus gr wn an a particular cell line may not grow 

as well on another line (Ni;holaon, Thorne, Janicki A Hanson, 

1975) This is parti jlarly true when the virus was grown on RTG2 

cells and then passage: PF~ or FHM cells (Nicholson £t a l .

: ■»' •> The sampl~3 i referen e viruses were all passaged on RT02 

cells after arrival. It is thus possible that the explanations 

offered by tcth Nicholson A Dunn (1974) ar. .1 Nicholson et al 

1979) t r lew sue ess rates when inoculating cell cultures with 

IPN virus may te valid in thi3 case.

A s-range and unexplained phenomenon was observed with the FHM 

ceil line. From the literature it was found that the FHM cell 

line is the line of choice when attempting to isolate IHN virus 

and VHS vi: 1111, 1976a The VR299 and Sp 3erotypes of IPN 

virus have been reported t replicate on the FMH cells (Nicholson

SI il. 1979). This cell line was, however, reported as being 

refractory to some of the serotypes of IPN virus including the Ab 

serotype <Vestergard~Jorgensen A K e h l e t , 197lt Nicholson £t gjt. 

1979; MacDonald, e£ a_i, 1933). 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,



U C  & D & 12 C ) . This corresponds to the work by Hill (1976a), 

Amos (1985) and Nicholson et al (1979). It was found that the Ab 

serotype of IPN virus did not grow on this line, which c orres­

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 s u s c e p t i b i l i t y’ 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 i n f e t i o n  of cells by Mycoplasma 

p. particularly My. p 1 ; d aui i may result in RTG2 and FHM

. *r; 11 s 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 Section of the Veterinary Research 

Institute, C n d e r s t e p o o r t , but no Mr-:o p Ias~a sp. could be 

isolated or deteotea. 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 oases. 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 

RTC2 cells. Frozen cultures of FHM cells which were not 

refra.tory to the viruses tefore freezing were reconstituted, but 

it was found that the viruses would not produce CFE on these 

cells either. This phenomenon could not be explained by any of 

thfc fish pathology laboratories approached and none of them had 

experienced anything similar.

as the fastest gr:wing of the viruses under investigation, VHS 

virus had an average Incubation period of 39 hours, any cyto- 

logical changes observed in infected cultures before about 35 

hours post infection (FI) 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 FI should be removed, diluted to eliminate the 

toxicity and reinoculated onto cell cultures.

If the average incubatirn periods for the different cell lines, 

tneir sustained susceptibility to the trout viruses and the 

average incubation periods for the development cf CPE are 

considered, the cell lines of choice for the isolation of viruses 

from trout in South Africa are the BF2 and RTG2 cell lines.

It should be note, that 100*. success rates were not always 

obtain- 1 when a t t e s t s  were made to reconstitute stored virus 

samples (Table 5 - 8). When viruses were stored in liquid 

nitrogen (Table 7) only VHS was reconstituted with less than 1007. 

success Only two cultures were unsuccessful and these were Jue 

to bacterial contamination. When the different viruses were 

stored at -20C (Table 6), none were reconstituted with 1 0 0 %  

success. In the case of IHN virus, VHS virus and herpesvirus 

salmonis. all the unsuccessful attempts were due to bacterial



c o n t a m i n a t i o n .  As w i t h  t h e  i n o c u l a t i o n  of c e l l s  w i t h  I PN viru s ,  

w h i c h  w a s  d i s c u s s e d  a b o v e ,  t h e r e  a r e  t h r e e  p o s s i b l e  r e a s o n s  for 

t h e  u n s u c c e s s f u l  a t t e m p t s  to  r e c o n s t i t u t e  s t o r e d  IPN v i r u s e s  

( T a b l e  5 & 6). B a c t e r i a l  c o n t a m i n a t i o n  is o n e  r e a son, w i t h  t h e  

i n t e r f e r i n g  e f f e c t s  of DI p a r t i c l e s  o n  t h e  r e p l i c a t i o n  of t h e  

s t o r e d  v i r u s e s  b e i n g  a n o t h e r  p o s s i b i l i t y .  T h i s  m a y  a c c o u n t  for 

u n s u c c e s s f u l  a t t e m p t s  w i t h  v i r u s e s  s t o r e J  in 5 0 %  g l y c e r o l ,  but it 

is u n l i k e l y  that DI p a r t i c l e s  p r e v e n t e d  r e p l i e s  i o n  of IPN 

v i r u s e s  w h i c h  h a d  b e e n  s t o r e d  at -20C. N i c h o l s o n  & D u n n  (1974) 

r e p o r t e d  t h a t  o n e  c y c l e  of f r e e z i n g  a n d  t h a w i n g  g r e a t l y  r e d u c e d  

t h e  i n t e r f e r e n c e  of  DI p a r t i c l e s .  It is thu s  l i k e l y  t hat t h e  

e x p l a n a t i o n  of  N i c h o l s o n  et aj ( 1 9 79), i.e. t h e  i n a b i l i t y  of IPN 

v i r u s  g r o w n  on  P T G 2  c e l l s  to  r e p l i c a t e  on B F 2  a n d  F HM c e l l s ,  is 

t h e  m o r e  l i k e l y  e x p l a n a t i o n  for t h e  l o w  s u c c e s s  r a t e s  w h e n  r e c o n ­

s t i t u t i n g  IPN v i r u s e s  s t o r e d  at - 2 0 C. T h e  t o tal n u m b e r  of 

u n s u c c e s s f u l  a t t e m p t s  to r e c o n s t i t u t e  IPN v i r u s e s  s t o r e d  in 5 0 %  

g l y c e r o l  is h i g h e r  t h a n  f:i s a m p l e s  s t o r e d  at -20C. As N i c h o l s o n

4 D u n n  (1974) f o u n d  t hat o n e  c y c l e  of  f r e e z i n g  a n d  t h a w i n g  

d e s t r o y e d  DI p a r t i c l e s ,  t h e  h i g h e r  s u c c e s s  r a t e  o b t a i n e d  w h e n  

f r o z e n  v i r u s  s a m p l e s  w e r e  r e c o n s t i t u t e d  w as e x p e c t e d  as o n l y  

t h e s e  v i r u s  s a m p l e s  w h i c h  w e r e  g r o w n  o n  R T G 2  c e l l s ,  r e c o n s t i t u t e d  

a n d  i n o c u l a t e d  c n t o  o t h e r  c e l l  l i n e s  w o u l d  be u n s u c c e s s f u l .  

H o w e v e r ,  t h e  s u c c e s s  r a t e  for t h e  r e c o n s t i t u t i o n  of I P N  v i r u s e s  

s t o r e d  in l i q u i d  n i t r o g e n  is 100%. All t h e s e  a t t e m p t s  were, 

h o w e v e r ,  m a d e  on  P.TG2 c e l l s .  In t h i s  case, all DI p a r t i c l e s  w o u l d  

h a v e  b e e n  d e s t r o y e d  by f r e e z i n g  a n d  t h a w i n g  a n d  t he p r o b l e m  of 

v i r u s  g r o w n  on  P T G 2  c e l l s  n o t  g r o w i n g  o n  t h e  o t h e r  c ell l i n e s  w as 

e l i m i n a t e d  an d  thus t h e  1 0 0 %  s u c c e s s  rate. V i r u s e s  w h i c h  h ad b e e n  

f r e e z e  d r i e d  w e r e  all r e c o n s t i t u t e d  w i t h  1 0 0 %  s u c c e s s  ( T a b l e  8). 

All cf t h e s e  r e c o n s t i t u t i :n a t t e m p t s  w e r e  n a d e  on P T G 2  cell s ,  

t h u s  e l i m i n a t i n g  t h e  p r o b l e m  of i n t e r f e r e n c e  as d i s c u s s e d  

p r e v i o u s l y .

5 3. P l a q u e  a s s a y .

S o m e  d i f f i c u l t i e s  wer<* i n i t i a l l y  e x p e r i e n c e d  w i t h  t h e  p l a q u e  

a s s a y  t e c h n i q u e ,  as s e e n  by  t h e  l ow s u c c e s s  r a t e s  o b t a i n e d  ( T » b l e  

9). T h e  p l a q u e  a s s a y  is a u s e f u l  t e c h n i q u e  w h i c h  c an be u s e d  to 

d e t e r m i n e  the t i t r e  cf a v i r u s  s a m p l e  in p l a q u e  f o r m i n g  u n i t s  

(pfu) p e r  ml, thu s  f u r t h e r  a t t e m p t s  to e s t a b l i s h  t h e  t e c h n i q u e  

w e r e  m a de. T h * s  a s s a y  is a l s o  e x t e n s i v e l y  u s e d  in c r o s s  n e u t ­

r a l i z a t i o n  work. A f ^ e r  s e v e r a l  u n s u c c e s s f u l  a t t e m p t s  to p e r f o r m  

t h e  p l a q u e  a s say, s u c c e s s  w a s  a c h i e v e d  by c a r e f u l  m o n i t o r i n g  of 

t h e  t e m p e r a t u r e  of t h e  m o l t e n  a g ar. It is b e l i e v e d  t h a t  all t h e  

u n s u c c e s s f u l  a t t e m p t s  of thi s  a s s a y  w e r e  d u e  to d a m a g e  o f  th e  

c e l l  s h e e t  r e s u l t i n g  f r o m  h i g h  t e m p e r a t u r e s  of the m o l t e n  agar. 

T h e  P.TG2 c e l l s  h a v e  an o p t i m a l  i n c u b a t i o n  t e m p e r a t u r e  of 19C, 

w i t h  2 6 C  b e i n g  t he m a x i m u m  t e m p e r a t u r e  t o l e r a t e d  (Wolf & Q u i m b y ,  

1962). T h e  c e l l s  w e r e  f o u n d  to d i e  a f t e r  24 h o u r s  at 3 0 C  (Wolf & 

Q u i m b y ,  1962) T h e  m o l t e n  a g a r  h a s  to be p o u r e d  at a b o u t  3 9 C  to 

4 0 C  to p r e v e n t  s o l i d i f i c a t i o n .  If t h e  a g a r  h a d  not c o o l e d  d o w n  to



as l o w  as p o s s i b l e  b e f o r e  b e i n g  p o u r e d ,  t h e  c e l l s  w e r e  d a m a g e d  by 

t h e  h i g h  t e m p e r a t u r e .  T h e  m o s t  p r a c t i c a l  s y s t e m  to d o  p l a q u e  

a s s a y s  w a s  to m e l t  o n l y  e n o u g h  a g a r  to  c o v e r  t wo or  t h r e e  

c u l t u r e s  at a time. If l a r g e r  v o l u m e s  of  m o l t e n  a g a r  w e r e  used, 

t h e  t e m p e r a t u r e  of  t h e  a g a r  u s e d  to o v e r l a y  t h e  f i r s t  t w o  or 

t h r e e  c u l t u r e s  w a s  t o o  h i gh. If t h e  l a r g e  v o l u m e  of a g a r  w as 

a l l o w e d  to c o o l  to 3 9 C  b e f o r e  o v e r l a y i n g  t h e  f i r s t  c u l t u r e s ,  t h e  

a g a r  w o u l d  s o l i d i f y  b e f o r e  all t h e  p e t r i  d i s h e s  or w e l l s  in a 6 

w e l l  p l a t e  c o u l d  be  o v e r l a y e d .  T h e  p l a q u e  a s s a y  wa s  thu s  

s u c c e s s f u l l y  c a r r i e d  o u t  by c a r e f u l  c o n t r o l  of  t h e  t e m p e r a t u r e  of  

t h e  m o l t e n  agar.

T h e r e  is a c o m m e r c i a l l y  a v a i l a b l e  lo w  t e m p e r a t u r e  g e l l i n g  a g a r o s e  

w h i c h  w o u l d  m a k e  t h e  p l a q u e  a s s a y  e a s i e r  to p e r f o r m  w h e n  w o r k i n g  

w i t h  t e m p e r a t u r e  s e n s i t i v e  c e l l s .  N o  e f f o r t s  w e r e  m a d e  to o b t a i n  

f n d  u s e  t h i s  a g a r o s e  a3 s u c c e s s  u s i n g  n o r m a l  a g a r o s e  w a s  o b t a i n e d  

by  c a r e f u l  m o n i t o r i n g  of t h e  t e m p e r a t u r e .  All t h e  r e s u l t s  

r e q u i r e d  for this p r o j e c t  w e r e  s u c c e s s f u l l y  o b t a i n e d  u s i n g  n o r m a l  

a g a r o s e  T h e  m a i n  o b j e c t i v e  thil pi Ject w a s  t h e  i s o l a t i o n  of 

v i r u s e s  f r o r  f i s h  in S o u t h  A f r i c a  a n d  t h i s  c o u l d  be d o n e  w i t h o u t  

t h e  p l a q u e  a s s a y .  If e x t e n s i v e  c r o s s  n e u t r a l i z a t i o n  w o r k  w a s  

u n d e r t a k e n ,  l ew t e m p e r a t u r e  g e l l i n g  a g a r o s e  w o u l d  be m o s t  u s e f u l .

5 . V i r u s  c o n c e n t r a t i o n  a n d  e l e c t r o n  m i c r o s c o p y

V i r u s  p a r t i c l e s  w e r e  s e e n  in u l t r a - c e n t r i f u g e d ,  n e g a t i v e l y  

s t a i n e d  c u l t u r e  f l u i d  f r o m  c e l l s  i n f e c t e d  w i t h  IPN V R 2 9 9  v i r u s  

-Fig 14) and in u l t r a - t h i n  s e c t i o n *  of i n f e c t e d  c e l l s  (Fig IS). 

T h e  s i z e  of the v i r u s  p a r t i c l e s  w a s  c a l c u l a t e d  a nd a d i a m e t e r  of 

b e t w e e n  52 nm a nd 6 4  nm w as found. T h e  a v e r a g e  p a r t i c l e  s i z e  was 

c a l c u l a t e d  to te  55 n m . Tr.is w as c a l c u l a t e d  f r o m  2* m i c r o g r a p h s  

o f  all t h r e e  s e r o t y p e s  of  I P N  v i r u s  at d i f f e r e n t  m a g n i f i c a t i o n s .  

It w as f o u n d  t hat t h e  V R 2 9 9 ,  A b  a n d  S p  s e r o t y p e s  of IPN v i r u s  

w e r e  all of  a s i m i l a r  s i z e  a n d  no d i f f e r e n c e  in s i z e  b e t w e e n  t h e  

d i f f e r e n t  r e r o t y p e s  of  IPN v i r u s  c o u l d  be  s e e n  f r o m  t h e  m i c r o ­

g r a p h s .  T h e  a v e r a g e  p a r t i c l e  s i ze. as c a l c u l a t e d  aoove, 

c o r r e s p o n d s  to t h e  d i a m e t e r  of I PN v i r u s  f o u n d  by M o s s  & G r a v e l l  

(1969) a nd H i l l  (1982). T h e  v i r u s  p a r t i c l e s  in F ig 14 a n d  15 a r e  

c l e a r l y  i c o s a h e d r a l ,  w h i c h  c o r r e s p o n d s  to t h e  m o r p h o l o g y  of IPN 

v i r u s  (Hill, 1982). F r o m  t h e s e  r e s u l t s  a n d  t h e  r e s u l t s  o f  t he 

s e r o l  g i c a l  t e s t s  it c a n  be c o n c l u d e d  t h a t  t h e  v i r u s  p a r t i c l e s  

s e e n  in t h e  EM s t u d i e s  a r e  I PN virus.

It s h o u l d  be n o t e d  t h a t  in t h e  n e g a t i v e l y  s t a i n e d  p r e p a r a t i o n  

t h e r e  a r e  a n u m b e r  of  a p p a r e n t l y  e m p t y  v i r i o n s .  No  a p p a r e n t  

r e a s o n  c o u l d  be f o u n d  f or t h e  h i g h  p e r c e n t a g e  o f  t h e s e  a p p a r e n t l y  

e m p t y  v i r i o n s .  It is u n l i k e l y  t h a t  t h e s e  a r e  t he DI p a r t i c l e s  

d e s c r i b e d  by N i c h o l s o n  & D u n n  (1974) as it has b e e n  p r o p o s e d  t h a t  

DI p a r t i c l e s  h a v e  n o r m a l  v i r a l  s t r u c t u r e .  b ut lack s e g m e n t s  of 

t h e  g e n o m e  (Huang, 1973; as c i t e d  in N i c h o l s o n  & Dunn, 1974).



5.5. S e r o l o g i c a l  t e s t s .

T h e  p r o c e d u r e s  f o r  t h e  s e r o l o g i c a l  i d e n t i f i c a t i o n  of  t h e  t r o u t  

v i r u s e s  h a d  to be  e s t a b l i s h e d  b e f o r e  a n y  a t t e m p t s  c o u l d  be m a d e  

to  i s o l a t e  t h e  v i r u s e s  f r o m  f i s h  in S o u t h  A f r i c a .  V i r u s  s p e c i f i c  

a n t i b o d i e s  a g a i n s t  t h e  d i f f e r e n t  v i r u s e s  w e r e  k i n d l y  s u p p l i e d  by 

Dr d e  K i n k e l i n  ( F r a n c e ) ,  Dr H i l l  ( E n g l a n d )  a n d  Dr A n d e r s o n  (USA). 

S u c c e s s f u l  a t t e m p t s  w e r e  a l s o  m a d e  to  p r o d u c e  a n t i b o d i e s  a g a i n s t  

t h e  V R 2 9 9  s e r o t y p e  of I PN v i r u s  in r a b b i t s .

A v a r i e t y  of s e r o l o g i c a l  t e c h n i q u e s  for t h e  i d e n t i f i c a t i o n  cf  

v i r u s e s  i s o l a t e d  f r o m  f i s h  h a v e  b e e n  e s t a b l i s h e d .  T h e  t e c h n i q u e s  

m o s t  c o m m o n l y  u s e d  a r e  t h e  i n d i r e c t  f l u o r e s c e n t  a n t i b o d y  t e s t  

iIFAT) ( P i p e r  gt a i , 1 9 7 3 ) ,  s e r u m  n e u t r a l i s a t i o n  t e s t  ( L i e n t z  & 

S p r i n g e r ,  1973) a n d  e n n y m e - 1 i n k e d  i m m u n o s o r b e n t  a s s a y  (ELISA) 

( N i c h o l s o n  4 H e n c h a l ,  1978 ) .  O t h e r  t e c h n i q u e s ,  s u c h  as i m m u n o -  

p e r o x i d a s e  a s s a y  ( N i c h o l s o n  4 H e n c h a l ,  1978 ) ,  c o m p l e m e n t  f i x a t i o n  

tes t  ( F i n l a y  A H i l l ,  1975), v i r a l  i n d u c e d  b a c t e r i a l  c o - a g g l u t i n a ­

t i o n  t e s t  (Kimura, gt a j , 198^.) a n d  i m m u n o b l o t  a s s a y  ( M c A l l i s t e r

& S c h i l l ,  1986) h a v e  b e e n  d e v e l o p e d  but s o  far t h e s e  t e c h n i q u e s  

a r e  n ot in g e n e r a l  u^t. T h e  V I B C A  a n d  i m m u n o b l o t  a s s a y  a r e  r e c e n t  

a d d i t i o n s  to t h e  s e r o l o g i c a l  t e c h n i q u e s  a v a i l a b l e  to i d e n t i f y  

f i s h  v i r u s e s  T h e  V I B C A  t e s t  is l i m i t e d  in s e n s i t i v i t y  ( K i m u r a  et 

a 1, 198*<) but t h e  s p e e d  w i t h  w h i c h  t h i s  tes t  c a n  b e  d o n e  w i l l  

p r o b a b l y  e n s u r e  w i d e  s p r e a d  use. T h e  i m m u n o b l o t  a s s a y  w i l l  

u n d o u b t a b l y  b e c o m e  a s t a n d a r d  t e c h n i q u e  for f i s h  v i r u s  

i d e n t i f i c a t i o n  d u e  to its s e n s i t i v i t y  a nd s p e c i f i c i t y .

A l t h o u g h  E L I S A  is w i d e l y  u s e d  in f i s h  v i r o l o g y ,  t h i s  t e c h n i q u e  

w a s  n ot u s e d  in S o u t h  A f r i c a .  T he t r o u t  i n d u s t r y  in t h i s  c o u n t r y  

is v e r y  s m a l l  a nd o n l y  a s m a l l  n u m b e r  of  s a m p l e s  for e x a m i n a t i o n  

w o u l d  thu s  be a v a i l a b l e .  T h i s  s m a l l  n u m b e r  of s a m p l e s  d o e s  n o t  

w a r r a n t  t h e  t i m e  an d  e x p e n s e  r e q u i r e d  to e s t a b l i s h  an E L I S A  

s y s t e m .  S h o u l d  a c o m m e r c i a l  E L I S A  s y s t e m  for t h e  t r o u t  v i r u s e s  

t e c o m e  a v a i l a b l e  in S o u t h  A f r i c a ,  it w o u l d  be  o b t a i n e d  and used.

T h e  m a i n  o b j e c t i v e  of t h i s  w o r k  w as to a s c e r t a i n  t h e  v i r o l o g i c a l  

s t a t u s  of  t r o u t  in S o u t h  A f r i c a .  At  t h e  s t a r t  of t h i s  p r o j e c t ,  

r o n e  of t h e  t r o u t  v i r u s e s  h a d  e v e r  b e e n  i s o l a t e d  in S o u t h  A f r i c a  

a nd it w a s  b e l i e v e d ,  f r o m  t h e  l a c k  of  c l i n i c a l  e v i d e n c e  of v i r a l  

d i s e a s e s  in t r out, t h a t  n o n e  w o u l d  be  i s o l a t e d .  It w as t h u s  

d e c i d e d  t hat I F A T  a nd t h e  s e r u m  n e u t r a l i z a t i o n  t e s t  w o u l d  be 

a d i q u a t e  to  i d e n t i f y  a n y  v i r u s e s  w h i c h  m a y  be  i s o l a t e d .



5 .5 1. I n d i r e c t  f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e

T h e  f i r s t  of t h e  s e r o l o g i c a l  t e s t s  to b e  d o n e  was t h e  i n d i r e c t  

f l u o r e s c e n t  a n t i b o d y  t e c h n i q u e  (IFAT). It wa s  f o u n d  t h a t  thi s  

tes t  w as o f t e r  d i f f i c u l t  to i n t e r p r e t  d u e  to n o n - s p e c i f i c  

r e a c t i o n s .  t h i s  m a K i n g  t h e  t e s t  v e r y  s u b j e c t i v e .  N e g a t i v e  

c o n t r o l s  for t h i s  t e c h n i q u e  w e r e  e x t r e m e l y  i m p o r t a n t  a n d  w e r e  

u s e d  to a s c e r t a i n  t h e  l e v e l s  of n o n - s p e c i f i c  s t a i n i n g .  E x t r e m e  

c a r e  w as a l s o  n e e d e d  w h e n  p e r f o r m i n g  t h e  t e s t  a n d  all s t a g e s  had 

to be w a s h e d  w e l l  to r e d u c e  t h e  a m o u n t  o f  n o n - s p e c i f i c  s t a i n i n g .  

E x c e s s i v e  w a s h i n g ,  on t h e  o t h e r  h a n d  c o u l a  a l s o  be p r o b l e m a t i c  

and c o u l d  r e s u l t  in t h e  w a s h i n g  o f f  of e i t h e r  the v i r a l  s p e c i f i c  

a n t i b o d i e s  or t h e  F I T C  l a b e l l e d  a n t i b o d i e s  In tw o  a t t e m p t s  to  do  

IFAT on c e l l s  i n f e c t e d  w i t h  IPN V R 2 9 9  v i r u s ,  no s i g n i f i c a n t  

d i f f e r e n c e s  c o u l d  be  d e t e c t e d  b e t w e e n  t h e  t e s t  c e l l s  a n d  t h e  

c o n t r o l s  Thi s  w as p o s s i b l y  d u e  to i n c o m p l e t e  w a s h i n g  w h i c h  

r e s u l t e d  in e x c e s s i v e  n e n - s p e c i f i c  s t a i n i n g .  T h e s e  t e s t s  w e r e  

r e c o r d e d  as u n s u c c e s r f u l . S i m i l a r l y ,  o n e  tes t  each, w h e n  c e l l s  

w e r e  i n f e c t e d  w i t h  IPN Ab  v i r u s  an d  I PN S p  v i r u s ,  was r e g a r d e d  

as u n s u c c e s s f u l ,  r e s u l t i n g  f r o m  e x c e s s i v e  n o n - s p e c i f i c  s t a i n i n g .

T h e  r e s u l t s  w.?re o f t e n  v ^ r y  d i f f i c u l t  to i n t e r p r e t  w h e n  c e l l s  

i n f e c t e d  w i t h  a p a r t i c u l a r  s e r o t y p e  o f  IPN v i r u s  w e r e  t r e a t e d  

w i t h  v i r a l  s p e c i f i c  a n t i b c d i e s  a g a i n s t  a d i f f e r e n t  s e r o t y p e  of 

IPN virus. F l u o r e s c e n c e  w a s  o b t a i n e d  in all c a s e s  as t h e r e  is 

s o m e  c r o s s  r e a c t i o n  b e t w e e n  t he d i f f e r e n t  s e r o t y p e s  of IPN v i rus. 

A q u a n t i t a t i v e  a n a l y s i s  of  t h e  f l u o r e s c e n c e  p a t t e r n s  w a s  not 

p o s s i b l e  d u e  to t his c r o s s  r e a c t i o n .  T h e  s e r o l o g i c a l  

i d e n t i f i c a t i o n  :f IPN v i r u s  to t h e  s e r o t y p e  l e v e l  w as t h u s  v e r y  

d i f f i c u l t  bv IFAT T h i s  t e c h n i q u e  was, h o w e v e r  s u c c e s s f u l l y  u s e d  

*o d i f f e r e n t i a t e  b e t w e e n  IPN v i r u s  and V H S  virus.

T h e  c o m m e r c i a l  a v a i l a b i l i t y  of g o o d  q u a l i t y  F I T C  l a b e l l e d  a n t i ­

r a b b i t  - a / e s  t h e  i n d i r e c t  m e t h o d  t h e  m e t h o d  of c h o i c e .  T h e  d i r e c t  

m e t h o d  c a n  a l s o  be d o l e  ( P i p e r  £ £  a i , 1973) in w h i c h  c a s e  

f l u o r e s c e n t  d y e s  w o u l d  h a v e  to be c o n j u g a t e d  to t h e  v i r a l  

s p e ; i f i c  a n t i b o d i e s .  w h i c h  is a l a b o r i o u s  t a s k  r e q u i r i n g  

s t a n d a r d i z a t i o n .

5.5.2. I m m u n o p e r o x i d a s e  a s s a y

A l t h o u g h  i n s u f f i c i e n t  r e p e t i t i o n s  cf  t h e  i m m u n o p e r o x i d a s e  a s s a y  

w e r e  c a r r i e d  o ut to m a k e  m e a n i n g f u l  a n a l y s e s  of t he r e s u l t s ,  the 

i n d i c a t i o n s  w e r e  t h a t  t h i s  t e c h n i q u e  w a s  v e r y  s i m i l a r  to IFAT. 

T h e  t e s t  w as o n l y  c a r r i e d  ou t  t w i c e  on  I PN V R 2 9 9  v i r u s  i n f e c t e d  

■cells a nd t w i c e  on  V H S  v i r u s  i n f e c t e d  c e l l s ,  but it w as f o u n d



t h a t  t h e  i n t e r p r e t a t i o n  o f  r e s u l t s  w a s  d i f f i c u l t  d u e  to n o n ­

s p e c i f i c  r e a c t i o n s .  T h i s  c o r r e s p o n d s  to  »)ork d o n e  by N i c h o l s o n  & 

lienchal (1978). A l t h o u g h  N i c h o l s o n  & H e n c h a l  (1978) f o u n d  that 

b o t h  t h e  d i r e c t  a n d  i n d i r e c t  m e t h o d s  w e r e  e f f i c i e n t  t e c h n i q u e s  

for t h e  s e r o l o g i c a l  i d e n t i f i c a t i o n  of  IP N  v i r u s ,  t h e s e  t e c h n i q u e s  

h a v e  n o t  b e e n  w i d e l y  u s e d .  As no  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  

f o u n d  b e t w e e n  I F A T  a n a  t h e  i n d i r e c t  i m m u n o p e r o x i d a s e  a s s a y ,  it 

w a s  d e c i d e d  to u s e  1 F A T .

5.5.3. S e r u m  n e u t r a l i z a t i o n  tes t

Tr.e s e r u m  n e u t r a l i z a t i o n  t e s t  is p r o b a b l y  t h e  m o s t  w i d e l y  u s e d  

t e : ‘inique f or the ser logical i d e n t i f i c a t i o n  of  f i s h  v i r u s e s  

iHi 11 e^ &1, 1961). T h i s  t e c h n i q u e  w a s  u s e d  f or th e  s e r o l o g i c a l  

i d e n t i f i c a t i o n  of s a m p l e s  o f  thfl r e f e r e n c e  v i r u s e s  ( T a b l e  13). 

N e u t r a l i z a t i o n  i n d i : e s  of o v e r  e w e r e  f o u n d  w h e n  s a m p l e s  of  t he 

d i f f e r e n t  s e r o t y p e s  o f  IPN v i r u s  a n d  V H S  v i r u s  w e r e  r e a c t e d  w i t h  

t h e i r  h o m o l o g o u s  a n t i s e r a .  N e u t r a l i z a t i o n  i n d i c e s  of  o v e r  6 w e r e  

als: l e u n d  w h e n  th e  d i f f e r e n t  s e r o t y p e s  o f  IPN v i r u s  w e r e  r e a c t e d  

w:tr a g r o u p  p o l y v a l e n t  s e r u m  m a d e  by m i x i n g  e q u a l  q u a n t i t i e s  of 

ar.ti IFN V R 2 9 9 ,  a n t i  I PN S p  an d  a n t i  I P N  Ab. As m o s t  of  t he 

E u r o p e a n  isolates of  I F N  v i r u s  fall i n t o  e i t h e r  t h e  A b  or Sp 

sere t y p e  g r o u p  r rson, 19e2) a n d  m o s t  of  t h e  N o r t h  A m e r i c a n  

i s o l a t e s  fall w i t h i n  t h e  V R 2 9 9  g r o u p  (I n, 1982), t h e  g r o u p  

p o l y v a l e n t  a n t i s e r u m  u s e d  in S o u t h  A f r i c a  w o u l d  be c a p a b l e  of 

n e u t r a l i z i n g  m o s t  of t h e  IPN viruses l i k e l y  t o  o c c u r  in S o u t h  

A f r i c a  T h e  gri'up p o l y v a l e n t  a n t i s e r u m  u r e d  in S o u t h  A f r i c a  w as 

i m p r o v e d  by in . ludir.g a n t i s e r u m  a g a i n s t  t h e  W e s t  B u x t o n  s e r o t y p e  

f IPN v i r u s  as t h e  W e s t  B u x t o n  s e r o t y p e  r e s u l t s  in a m u c h  m o r e  

h a o g e n e o u *  c l u s t e r i n g  of U S A  i s o l a t e s  t h a n  t h e  VR 299 s e r o t y p e  

(Hill. 1985 p e r s o n a l  c o m m u n i c a t i o n ) .

F r o m  c r o s s  n e u t r a l i z a t i o n  w o r k  (Teible 13) it w a s  f o u n d  t h a t  t h e r e  

w a s  s : m e  d e g r e e  of  c r o s s  n e u t r a l i z a t i o n  b e t w e e n  t h e  d i f f e r e n t  

s e r o t y p e s  ot IPN viru s .  T h e  n e u t r a l i z a t i o n  i n d i c e s  i n d i c a t e  tha t  

t h e  Sp ■•rotyp* I IPN v i r u s  is m o r e  c l o s e l y  r e l a t e d  to t h e  VR299 

s e r o t y p e  t h a n  to t h e  A b  s e r o t y p e  A l t h o u g h  n e u t r a l i z a t i o n  was 

f o u n d  in all c a s e s  w h e n  d i f f e r e n t  s e r o t y p e s  of  I PN v i r u s  w e r e  

n i x e d  » l t h  s p e c i f i c  a n t i b o d i e s ,  t h e  n e u t r a l i z a t i o n  i n d i c e s  w e r e  

far l o w e r  t h a n  w i t h  t h e  h o m o l o g o u s  v i r u s  a nd a n t i b o d y  c o m b i n a ­

t i o n  .



5.5.4. Viral induced bacterial co-agglutination test (VIBCA)

T h e  v i r a l  I n d u c e d  b a c t e r i a l  c o - a g g l u t i n a t i o n  t e s t  (VIBCA) ( K i m u r a  

S i  a]. 1 984) w a s  e v a l u a t e i  as a n o t h e r  m e t h o d  for t h e  s e r o l o g i c a l  

i d e n t i f i c a t i o n  of  I PN v i r u s  ( T a b l e  16). K i m u r a  et al (1984) u s e d  

t h i s  m e t h o d  to s e r o l o g i c a l l y  i d e n t i f y  I P N  v i r u s e s ,  IHN v i r u s  an d  

O n c o r h v n  :hus m a s c u  v i r u s  (OMV) b ut no  r e p o r t s  on  t h e  u s e  of t h i s  

m e t h o d  for t h e  s e r o l o g l  al i d e n t i f i c a t i o n  of V H S  v i r u s  c o u l d  be 

found. It w as f o u n d  ir. t h i s  la' ra'cory t h a t  V I B C A  c o u l d  a l s o  be 

u s e d  f or t h e  s e r o l o g i c a l  i d e n t i f i c a t i o n  of V H S  v i r u s  w i t h o u t  a n y  

m o d i f i c a t i o n s  to t h e  t e c h n i q u e s  u s e d  by  K i m u r a  et  al (1984). In 

t h i s  s t u d y  t h e  V I B C A  t e s t  w a s  o n l y  u s e d  to i d e n t i f y  c e l l  f r e e  

a n t i g e n s  w h i c h  ha d  b e e n  c u l t u r e d  in c e l l  c u l t u r e s .  K i m u r a  et a_. 

(198^' a l s o  r e p o r t e d  g r e a t  s u c c e s s  u s i n g  t h ‘s t e c h n i q u e  

i d e n t i f y  v i r a l  a n t i g e n s  e x t r a c t e d  dire-- i.y f r o m  d i s e - s e d  fish.

T h e  m a i n  a d v a n t a g e  of t h i s  t e c h n i q u e  is its r a p i d i t v .  In t his 

l a b o r a t o r y  r e s u l t s  c o u l d  b e  o b t a i n e d  a b o u t  1 5 - 2 0  m i n u t e s  a f . e r  

t h e  f i r s t  i n d i c a t i o n  o f  C P E  on  ir;- t< 1 c e lls. If thi s  t e c h n i q u e  

c a n  be  u s e d  to  d e t e c t  v i r a l  a n t i g e n s  e x t r a c t e d  d i r e c t l y  f r o m  

d i s e a s e d  f i s h  as c l a i m e d  by  K i m u r a  gt  al  (1984), a pret-mpti-.e 

d i a g n o s i s  c o u l d  b e  m a d e  in les s  t h a n  a h o u r  a f t e r  f e  f i s h  h ad 

b e e n  s u b m i t t e d  to t h e  l a b o r a t o r y ,  t h u 3  f a c i l i t a t i n g  r a p i d  i n t r o ­

d u c t i o n  of m e t h o d s  to r e d u c e  t h e  s p r e a d  of t h e  virus. O n e  

p o s s i b l e  l i m i t a t i o n  of t h i s  t e c h n i q u e  is that h i g h  is t i t r e s  

a r e  n e e d e d  for a s u c c e s s f u l  r e s u l t .  It was f o u n d  t at a v i r u s  

t i t r e  of  h i g h e r  t h a n  3 x 1 0 6 T C I D 5 0 / m l  w a s  r e q u i r e d . T h i s  

c o r r e s p o n d s  f a v o u r a b l y  to r e s u l t s  o b t a i n e d  by K i m u r a  et  al 

(1984 . T h e y  f o u n d  tha t  t h e  m i n i m u m  a m o u n t  of c e l l  f r e e  a n t i g e n  

r e q u i r e d  for a positive result v a r i e d  b e t w e e n  10 *  * 9 ltd 10 1 • 7 
T C I D 5 0 / m l .  K i m u r a  al (1984) did, h o w e v e r  p r o v e  t hat t h i s

t e c h n i q u e  w as u s e f u l  for t h e  d i a g n o s i s  of  I PN in f i s h  T h e v  w e r e  

a b l e  to d e t e c t  IPN v i r u s  a n t i g e n  in r a i n b o w  trout, cohi and a m a g o  

s a l m o n  f r o  s i t e s  in J a p a n  u s i n g  V I B C A .  IPN v i r u s  i s o l a t e d

f r o m  t h e s e  f i s h  by  c o n v e n t i o n a l  m e t h o d s  t h u s  c o n f i r m i n g  t he 

r e s u l t s  o b t a i n e d  w i t h  t h e  V I B C A  test. T h i s  t e c h n i q  :e w as a l s o  

c a r r i e d  ou t  s u c c e s s f u l l y  u s i n g  a u r e u s  w.-.ich h ad b e e n

s e n s i t i z e d  w i t h  g r o u p  p o l y v a l e n t  a n t i s e r u m  a g a i n s t  .?N v i r u s e s  

(T a b l e  16).

T h e  s p e c i f i c i t y  of  t his tes t  w as v e r i f i e d  by the ta * t h a t  

a g g l u t i n a t i o n  w as o n l y  f o u n d  w h e n  t h e  v i r u s  sar- le wer- m i x e d  

w i t h  5^ a u r e u s  C o w a n  s t r a i n  A w h i c h  h ad b e e n  s e n s i t i a » i  w i t h  

h o m o l o g o u s  a n t i b o d i e s .  N o  a g g l u t i n a t i o n  wa s  seer; w h e n  

u n s e n s i t i z e d  b a c t e r i a  w e r e  u s e d  or w h e n  t h e  v i r u s  ar.d th<_ 

a n t i b o d i e s  u s e d  to s e n s i t i z e  t h e  b a c t e r i a  w e r e  n o t  h o m o l  g o u s .
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5.5.5. D i r e c t  i m m u n o s t a p h y l o c o c c u s - p r o t e i n - A  t e s t  (ISPA)

T h e  Fc b i n d i n g  cl. i r a c t e r i s t i c s  o f  P r o t e i n  A ( K r o n v a l l ,  S e a l  & 

F i n s t a d  1970), w h i c h  is p r o d u c e d  in t h e  c e l l  m e m b r a n e  of 

S . a u r e u s  C o w a n  s t r a i n  A ( V e r w e y  1940) ha s  b e e n  u s e d  to d e v e l o p  a 

n e w  t e c h n i q u e  c a l l e d  t h e  i m m u n o s t a p h y l o c o c c u s - p r o t e i n - A  (ISPA) 

test. T h i s  t e c h n i q u e  is s i m i l a r  to t h e  f l u o r e s c e n t  a n t i b o d y  

t e c h n i q u e  a nd i m m u n o p e r o x i d a s e  t e s t  and, as w i t h  t h e s e  

t e c h n i q u e s ,  t h e r e  is a d i r e c t  a n d  an  i n d i r e c t  m e t h o d .  It is 

b e l i e v e d  t h a t  t h e  d i r e c t  i m m u n o s t a p h y l o c o c c u s - p r o t e i n - A  t e s t  is 

s u p e r i o r  to e i t h e r  I F A T  or i m m u n o p e r o x i d a s e  a s s a y  in t h a t  t h i s  

t est is e a s i l y  q u a n t i f i e d  by  c o u n t i n g  t h e  n u m b e r  o f  a t t a c h e d  

b a c t e r i a  per cell. I n a d e q u a t e  w a s h i n g  d u r i n g  a n y  of  t h e s e  t h r e e  

p r o c e d u r e s  r e s u l t s  in r e s i d u e s  o f  t h e  m a r k e r s  w h i c h  o f t e n  m a k e  

t h e  t e s t  d i f f i c u l t  to i n t e r p r e t .  In t h e  c a s e  of d i r e c t  ISPA, 

q u a n t i f i c a t i o n  o f  t his r e s i d u e  c a n  be o b t a i n e d ,  t h u s  m a k i n g  t he 

t e s t  l e s s  s u b j e c t i v e .

T h e  t e c h r t q u e s  for s t a b i l i z a t i o n  a n d  s e n s i t i z a t i o n  of  t he 

S_ a u r e u s C o w a n  s t r a i n  A w e r e  t h e  s a m e  as t h o s e  d e s c r i b e d  by 

K l r u r a  et  a_J (1904). T h e  e x p e r i m e n t s  c a r r i e d  ou t  to tes t  w h e t h e r  

t h e  v i r u s  s p e c i f i c  a n t i b o d i e s  h a d  b o u n d  to t h e  p r o t e i n  A of 

formalize.! ^  a u r e u ~  C o w a n  s t r a i n  A w e r e ,  as far as c o u l d  be 

a s c e r t a i n e d ,  o r i g i n a l  w o r k .  T h e  t h e o r y  b e h i n d  t h e  s e n s i t i z a t i o n  

c o n t r o l s  was v e r y  s i m p l e  S a m p l e s  of f. a u r e u s  C o w a n  s t r a i n  A 

w e r e  c e n s i t i z e d  w i t h  a b b i t  r a i s e d  v i r a l  s p e c i f i c  a n t i b o d i e s .  

W h e n  t h e  s e n s i t i z e d  b a - t e r i a  w e r e  h e a t  f i x e d  on  a g l a s s  s l i d e  a nd 

o v e r l a y e d  w i t h  F I T C  l a b e l l e d  a n t i - r a b b i t ,  t h e s e  f l u o r e s c e n t  

l a b e l l e d  a n t i t . d i e s  r e c o g n i z e d  a n d  b o u n d  to t h e  r a b b i t  r a i s e d  

a n t i b o d i e s  w h i c h  w e r e  b o u n d  to t h e  P r o t e i n  A of t he b a c t e r i a  and 

f l u o r e s c e n c e  w a s  s e e n  (Fi* 2 0 ). It c o u l d ,  h o w e v e r ,  be  a r g u e d  that 

as P r o t e i n  A b i n d s  IgG, it c o u l d  a l s o  b i n d  F I T C  l a b e l l e d  IgG, 

t h u s  t h e  f l u o r e s c e n c e  w o u l d  be n o n - s p e c i f i c .  To c l a r i f y  this, 

s a m p l e s  of u n s e n s i t i z e d  a u r e u s  C o w a n  s t r a i n  A w e r e  s t a i n e d

w i t h  F I T C  l a b e l l e d  a n t i - r a b b i t  IgG. In t h e s e  c a s e s  no  r a b b i t  

r a i s e d  a n t i b o d i e s  w e r e  a t t a c h e d  to t h e  P r o t e i n  A s i t e s  a n d  t h e s e  

s i t e s  w e r e  thus a v a i l a o l e  tc o t h e r  IgG m o l e c u l e s .  It was, h o w e v e r  

f o u n d  t h a t  if u n s e n s i t i z e d  a u r e u s  C o w a n  s t r a i n  A w e r e  o v e r ­

l a y e d  w i t h  F I T C  l a t e l l e d  a n t i - r a b b i t ,  no f l u o r e s c e n c e  w a s  seen. A 

p o s s i b l e  e x p l a n a t i o n  for t h i s  is t h a t  P r o t e i n  A b i n d s  to t h e  Fc 

r e g i o n  o f  t he IgG m o l e c u l e  ( K r o n v a l l ,  a i , 1970). F I T C  a l s o

b i n d s  to t h e  Fc f r a g m e n t  o f  IgG m o l e c u l e s ,  t h u s  b l o c k i n g  t h e  Fc 

r e g i o n  a n d  p r e v e n t i n g  t h e  F I T C  l a b e l l e d  I gG f r o m  b i n d i n g  to t he 

P r o t e i n  A of  t h e  b a c t e r i a .

S a m p l e s  of  r a t b i t  r i i s e d  v i r a l  s p e c i f i c  a n t i b o d y  s e n s i t i z e d  

b a c t e r i a  a nd u n s e n s i t i z e d  b a c t e r i a  w e r e  o v e r l a y e d  w i t h  F I T C  

l a b e l l e d  a n t i - m o u s e .  In t h e  c a s e  o f  t h e  s e n s i t i z e d  b a c t e r i a ,  t h e  

F I T C  l a b e l l e d  a n t i - m o u s e  d i d  n o t  r e c o g n i z e  t h e  rabbit, r a i s e d  

a n t i b o d i e s  a t t a c h e d  to t h e  b a c t e r i a  a n d  t h u s  d i d  no t  b i n d  to 

t h e m  T h e  F I T C  l a b e l l e d  a n t i - m o u s e  w a s  w a s h e d  o f f  a n d  no



f l u o / e s c e n c e  w as s e en. As w a s  t h e  c a s e  a b o v e ,  no  f l u o r e s c e n c e  w a s  

s e e n  w h e n  u n s e n s i t i z e d  b a c t e r i a  w e r e  o v e r l a y e d  w i t h  a n t i - m o u s e  

for t h e  s a m e  r e a s o n ?  as d i s c u s s e d  a b o v e .  As f l u o r e s c e n c e  w a s  o n l y  

s e e n  w h e n  b a c t e r i a  w h i c h  h a d  b e e n  s e n s i t i z e d  if r a b b i t  r a i s e d  

a n t i b o d i e s  w e r e  o v e r l a y e d  w i t h  F I T C  l a b e l l e d  a n t i - r a b b i t ,  it c a n  

thus b e  tiwluded t h a t  I F A T  is a u s e f u l  t e c h n i q u e  for d*r.*ternining 

if t h e  b a c t e r i a  w e r e  s u c c e s s f u l l y  s e n s i t i z e d .  A ll of t h e s e  

e x p e r i m e n t s  w e r e  r e p e a t e d  u s i n g  p e r o x i d a s e  l a b e l l e d  a n t i - r a b b i t  

or p e r o x i d a s e  l a b e l l e d  a n t i - m o u s e .  A b r o w n  p r e c i p i t a t e  w a s  o n l y  

f o u n d  w h e n  t h e  b a c t e r i a  w h i c h  h a d  t e e n  s e n s i t i z e d  w i t h  r a b b i t  

r a i s e d  a n t i b o d i e s  w e r e  o v e r l a y e d  w i t h  t h e  p e r o x i d a s e  l a b e l l e d  

a n t i - r a b b i t  (Fig 21) .

It c a n  t hus be c o n d u c e d  f r o m  t h e  s e n s i t i z a t i o n  c o n t r o l s  t h a t  

f o r m a l i z e d  s a m p l e s  of  a u r e u s  w e r e  s u c c e s s f u l l y  s e n s i t i z e d  w i t h  

v i - u s  s p e c i f i c  a n t i b o d i e s .  T h e s e  v i r u s  s p e c i f i c  s e n s i t i z e d  

s a m p l e s  of  a u r e u s  c o u l d  be  s t o r e d  at 4 C  u n t i l  n e eded.

T h e  direct. i m r . u n o s t a p h y l o c o c c u s - f  e i n - A  test (ISPA) w as 

d e v e l o p e d  u u i i n g  t h e  c o u r s e  of t h i s  .udy.

The n u m b e r  of  a t t a c h e d  b a c t e r i a  p e r  c e l l  w a s  c o u n t e d  and it w as 

f o u n d  t hat t h® a v e r a g e  n u m b e r  of a t t a c h e d  b a c t e r i a  p er v i r u s  

i n f e c t e d  cell, r e a c t e d  w i t h  a u r e u s  C o w a n  s t r a i n  A s e n s i t i z e d

w i t h  hotti.l c g o u s  a n t i b o d i e s  wa s  a b o u t  an o r d e r  of  m a g n i t u d e  

g r e a t e r  that w h ® n  t h e  s a m e  s e n s i t i z e d  b a c t e r i a  w e r e  r e a c t e d  w i t h  

u n i n f e c t e d  c e l l s  ( T a b l e  14).

It was found, fro m  t he c r o s s  n e u t r a l i z a t i o n  s t u d i e s ,  t h a t  t h e  

n u m b e r  of a t t a c h e d  b a c t e r i a  p e r  i n f e c t e d  c ell w as s t i l l  

s i g n i f i c a n t l y  h i g h e r  t h a n  w i t h  u n i n f e c t e d  c o n t r o l  c e l l s  ( T a b l e  

14). As w i t h  t he s e r u m  n e u t r a l i z a t i o n  test, t he Sp  s e r o t y p e  of 

IPN v i r u s  was a n t i g e n i c a l  ly m o r e  c l o s e l y  r e l a t e d  to t h e  VP.299 

s e r o t y p e  t h a n  to t h e  A b  s e r o t y p e .  T h i s  t e c h n i q u e  w as a l s o  

s i z a b l e  for t he s e r o l o g i c a l  i ^ e n t i f i c a t i o n  o f  IPN v i r u s  w h e n  t h e  

b a c t e r i a  w e r e  s e n s i t i z e d  w i t h  t r o u p  p o l y v a l e n t  a n t i s e r u m  a g a i n s t  

IPN v i r u s  .

T he s p e c i f i t y  of t his to-.hnique w a s  t e s t e d  by r e a c t i n g  IPN v i r u s  

i n f e c t e d  c e l l s  w i t h  ant i  V H S  j e n s i t i z e d  b a c t e r i a ,  or  v i c e  vers a .  

T h e  n u m b e r  of a t t a c h e d  b a c t e r i a  p e r  i n f e c t e d  c e l l  w as s i m i l a r  to 

t h e  n u m b e r  a t t a c h e d  to t h e  u n i n f e c t e d  c e l l s .

It is f elt that t his t e c h n i q u e  is s u p e r i o .  to I F A T  a n d  t h e  

i m m u n o p e r o x i d a s e  a s s a y  b e c a u s e .  a l t h o u g h  a t t a c h e d  b a c t e r i a  w e r e  

.seen in t he n e g a t i v e  c o n t r o l s ,  t h e y  w e r e  e a s i l y  q u a n t i f i e d ,  thus 

m a k i n g  t h i s  t e c h n i q u e  l ess s u b j e c t i v e .



T h e r e  is o n e  p r e c a u t i o n  w h i c h  m u s t  be o b s e r v e d  w h e n  p e r f o r m i n g  

t h e  d i r e c t  I S P A  test. U n d e r  no c i r c u m s t a n c e s  s h o u l d  t h e  cel l  

s h e e t  be a l l o w e d  to d r y  o n c e  t h e  s e n s i t i z e d  b a c t e r i a  h a v e  b e e n  

a d d e d .  If t h e  c e l l  sheet d r i e s  cut. t h e  b a c t e r i a  w i l l  a t t a c h  

i r r e s p e c t i v e  of t h e  p r e s e n c e  of v i r a l  a n t i g e n .  O n c e  the t e c h n i q u e  

h a s  b e e n  c o m p l e t e d ,  h o w e v e r  t h e  c e l l  s h e e t s  c a n  be  a l l o w e d  to d r y  

o u t  for s t o r a g e  a n d  r e f e r e n c e .

S . 5.6. I n d i r e c t  I SPA

T h e  i n d i r e c t  I SPA methoc. w a s  a l s o  e s t a b l i s h e d  d u r i n g  t h e  c o u r s e  

of t his s t u d y .  In t he i n d i r e c t  m e t h o d ,  sampj.es o f  Sj. a u r e u s  C o w a n  

s t r a i n  A w e r e  s e n s i t i z e d  w i t h  s a m p l e r  of a n t i - r a b b i t  IgG. T h e  

r e s u l t s  o b t a i n e d  w h e n  t h e  i n d i r e c t  ISP A  t e s t  w a s  p e r f o r m e d  w e r e  

s i m i l a r  to t h o s e  o b t a i n e d  w i t h  t h e  d i r e c t  m e t h o d  ( T a b l e  15, F i g  

24  A 25).

I* - s t  be n o t e d  tha t  on a v e r a g e ,  t h e  n u m b e r  of a t t a c h e d  b a c t e r i a  

per el l  is h i g h e r  in t h e  i n d i r e c t  m e t h o d  c o m p a r e d  to t h e  d i r e c t  

m e t h o c .  T h i s  is p a r t i c u l a r l y  noti c c  ' in t h e  u n i n f e c t e d  c o n t r o l  

c e l l s  a n d  c e l l s  i n f e c t e d  w i t h  a v i r u s  n o t  h o m o l o g o u s  to t h e  

a n t i b o d i e s  u s e d  to s e n s i t i z e  t he S ^  a u r e u s . T h i s  m a y  be d u e  to 

i n c o m p l e t e  w a s h i n g  of t h e  c e l l s  a f t e r  t h e  v i r u s  s p e c i f i c  a n t i ­

b o d i e s  h a v e  b e e n  a d d e d  to t h e  cells. If all t h e  a n t i b o d i e s  a r e  

n o t  w a s h e d  off. som-. inti r a b b i t  s e n s i t i z e d  c a u r e u s  wil l

r e a c t  w i t h  t his r e s i d u e  a n d  t h e  a v e r a g e  numbei of a t t a c h e d  

b a c t e r i a  w i l l  i n c r e a s e .  I n a d e q u a t e  w a s h i n g  c a n  a l s o  be 

p r o b l e m a t i c  ir t h e  IFAT a n d  i n d i r e c t  i m m u n o p e r o x i d a s e  assa y ,  but 

in t he c a s e  of t h e  i n d i r e c t  ISPA, t h i s  c a n  be  q u a n t i f i e d ,  thus 

m a k i n g  t h e  t est less s u b j e c t i v e .

5.6. C o m p a r i s o n  of s e r o l o g i c a l  t e c h n i q u e s .

T h e  V I B C A  t e s t  w a s  t he l e a s t  s e n s i t i v e  of  all of t he s 'rological 

t e c h n i q u e s  w h i c h  w e r e  i n v e s t i g a t e d .  T h e  V I B C A  t e s t  c^ u  ,d o n l y  be 

u s e d  to d e t e c t  v i r u s e s  if t h e  t i t r e  of  t h e  v i r u s  s u s p e n s i o n  w as 

g r e a t e r  t h a n  3 . 1 2 5  x 1 0 *  T C I D  50/ml. T h e r e  a p p e a r s  to be  l i t t l e  

d i f f e r e n c e  b e t w e e n  t h e  s e n s i t i v i t i e s  of t h e  o t h e r  t e s t s  a nd all 

of t h e s e  c o u l d  be  u s e d  to d e t e c t  a v i r u s  w i t h  a t i t r e  of b e t w e e n  

3,129 x 10 and 3 , 1 2 5  x 10* TCID 50/ml. As t h e  s e n s i t i v i t i e s  of 

m o s t  o f  t h e  s e r o l o g i c a l  t e s t s  a re s i m i l a r ,  t h e  s e l e c t i o n  of 

t e c h n i q u e s  to u s e  is b a s e d  on  s p e c i f i c i t y .  It w a s  thus d e c i d e d  to 

u s e  t h e  s e r u m  n e u t r a l i z a t i o n  t est a nd d i r e c t  I S P A  test, as b o t h  

t h e s e  t e s t s  a r e  v e r y  s p e c i t i c .  IFAT w as u s e d  in c o n j u n c t i o n  w i t h  

t h e  s e r u m  n e u t r a l i z a t i o n  t e s t  b e f o r e  t h e  d e v e l o p m e n t  of t h e  ISP A  

test, a nd t h i s  tes t  wa s  u s e d  t h r o u g h o u t  f o r  c o n t i n u i t y .



5.7. Isolation and identification of viruses from fish in South

A f r i c a .

T h e  p r i m e  o b j e c t i v e  of t h i s  s t u d y  w as to d e t e r m i n e  if I PN v i r u s ,  

IHN v i r u s .  V H S  v i r u s ,  h e r p e s v i r u s  s a l m o n i s  a r e  p r e s e n t  in S o u t h  

A f r i c a .  O n e  a p p r o a c h  w a s  to  a t t e m p t  to i s o l a t e  a n d  s e r o l o g i c a l l y  

I d e n t i f y  t h e  v i r u s e s  f r o m  v a r i o u s  p o p u l a t i o n s  of fish, b o t h  

d i s e a s e d  a n d  a s y m p t o m a t i c .  A n o t h e r  a p p r o a c h  w a s  to c o l l e c t  

s a m p l e s  of b l o o d  f r o m  f i s h  f or v i r u s  n e u t r a l i z a t i o n  t e s t  on t h e  

s e r u m  t h u s  d e t e r m i n i n g  t h e  p r e s e n c e  of  n e u t r a l i z i n g  a n t i b o d i e s ,  

w h i c h  w o u l d  i n d i c a t e  p a s t  e x p o s u r e  to t h e  v i r u s e s .

V i r u s e s  w e r e  i s o l a t e d  f r o m  11 of  t h e  135 c a s e s  s u b m i t t e d  for 

e x a m i n a t i o n  ( A p p e n d i x  2 & T a b l e  17). M l  t he i s o l a t e d  v i r u s e s  

w e r e  s e r o l o g i c a l l y  i d e n t i f i e d  as IPN v i r u s  by I FA T  ( T a b l e  18). It 

w as f o u n d  f r o m  t h e  s e r u m  n e u t r a l i z a t i o n  t est a nd t h e  d i r e c t  I SPA 

t est ( T a b l e  18) tha t  t h e s e  v i r u s e s  w e r e  all s e r o l o g i c a l l y  r e l a t e d  

to t h e  V R 2 9 9  s e r o t y p e  of I P N  virus. T h i s  is p a r t i c u l a r l y  

n o t i c e a b l e  in t h e  d i r e c t  I S P A  t e s t  w h e r e  t h e  n u m b e r  o f  a t t a c h e d  

t a c r e r i a  pel feeted w i t h  t h e  i s o l a t e d  v i r u s e s  a n d  o v e r -

l a y e d  w i t h  anti I PN VR*.99 s e n s i t i z e d  §\ a u r e u s  C o w a n  s t r a i n  A 

was b e t w e e n  4 , 7  a n d  7,5. T h e  n u m b e r  of a t t a c h e d  b a c t e r i a  per 

i n f e c t e d  c ell w as o n l y  b e t w e e n  2 , 7  a nd 2 , 8  w h e n  a n t i  IPN Ab  

s e n s i t i z e d  a u r «.• us was u s e d  a nd b e t w e e n  3 , 8  and 4 .0 w h e n  ant i

IPN S p  s e n s i t i z e d  a u r e u s  w as used. T h e  n u m b e r  of  a t t a c h e d

b a c t e r i a  p er c e l l  w as o n l y  b e t w e e n  0 , 2  a nd 0 ,4 w h e n  c e l l s  

i n f e c t e d  w i t h  t he i s o l a t e d  v i r u s e s  w e r e  o v e r l a y e d  w i t h  a n t i  V H S  

sens. :*..•••. a u r e u s . M o r e  bacteria par c e l l  a t t a c h e d  w h e n  t h e  S . 

a u r e : ;  w e r e  s e n s i t i z e d  w i t h  a n t i  IPN V R 2 9 9  t h a n  a n y  o t h e r ,  thus 

i n d i c a t i n g  that t h e  i s o l a t e d  v i r u s e s  w e r e  r e l a t e d  to t h e  V R 2 9 9  

s e r o t y p e  :f IPN viru s .  S a m p l e s  of t h e s e  v i r u s e s  w e r e  s e n t  to Dr 

H i l l  of t h e  Fis h  C i s e a s e  L a b o r a t o r y ,  E n g l a n d  w h o  c o n f i r m e d  tha t  

che i s o l a t e d  v i r u s e s  w e r e  i n d e e d  t h e  V R 2 9 9  s e r o t y p e  of IPN virus.

In c a s e  No  F 3 3 / 8 5 ,  a l o w  i n c i d e n c e  of m o r t a l i t y  was f o u n d  in 

t r o u t  w h i c h  n ad b e e n  i m p o r t e d  f r o m  D e n m a r k  by t h e  f a r m  

'W a t e r v a l '. T he i s o l a t i o n  of  IPN V R 2 9 9  v i r u s  f r o m  t h e s e  t r o u t  

i m p o r t e d  f r o m  D e n m a r k  c a u s e d  m u c h  c o n c e r n  as t h i s  i s o l a t e  is a 

N o r t h  A m e r i c a n  s e r o t y p e  a nd h as not b e e n  r e p o r t e d  fro m  E u r o p e  or 

S c a n d i n a v i a  (Hill, 1 968 p e r s o n a l  c o m m u n i c a t i o n ;  d e  K i n k e l i n ,  198 8  

p e r s o n a l  c o m m u n i c a t i o n ) .  U p o n  f u r t h e r  i n v e s t i g a t i o n  it w a s  f o u n d  

tha t  f i s h  w h i c h  h a d  b e e n  i m p o r t e d  f r o m  t h e  U S A  had b e e n  k e p t  in 

t h e  p o n d s  Just p r i o r  to t h e  i m p o r t  of  t h e  D a n i s h  fish. A f u r t h e r  

50 s a m p l e s  of b o t h  the D a n i s h  a n d  A m e r i c a n  f i s h  w e r e  c o l l e c t e d  

and v i r u s  i s o l a t i o n  a t t e m p t e d .  V i r u s e s  w e r e  i s o l a t e d  f r o m  f o u r  

p o o l s  of f i v e  f i s h  each, c o l l e c t e d  f r o m  t h e  A m e r i c a n  fish, w h i l e  

* i x  p o o l s  c o l l e c t e d  f r o m  t h e  D a n i s h  f i s h  s h o w e d  CPE. It w o u l d  

t h u s  a p p e a r  t h a t  t h e  v i r u s  w a s  i n t r o d u c e d  o n t o  t h e  s i t e  v i a  

i n f e c t e d  o v a  i m p o r t e d  f r o m  t h e  USA.
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C a s e  n u m b e r  F 1 0 0 / 8 6  ( T a b l e  17), i n v o l v i n g  f i n g e r l i n g  r a i n b o w  

t r o u t  w a s  o f  i n t e r e s t  b e c a u s e  it w a s  t h e  o n l y  t i m e  t h a t  I PN v i r u s  

w as i s o l a t e d  f rom a s i t e  w h i c h  r e p o r t e d  h i g h  m o r t a l i t i e s .  T h i s  

c a u s e d  s o m e  c o n c e r n  b e c a u s e  n o n e  of  t h e  o t h e r  s i t e s  f r o m  w h i c h  

IPN v i r u s  w a s  i s o l a t e d  r e p o r t e d  h i g h  m o r t a l i t i e s  a n d  t h e r e  a r e  no 

r e p o r t s  in t he l i t e r a t u r e  of  m o r t a l i t i e s  in f i n g e r l i n g  r a i n b o w  

t r o u t  as a r e s u l t  of i n f e c t i o n  by IPN v i r u s .  E l a z h a r y  gt ai 

(1976) did, h o w e v e r ,  r e p o r t  on  s t r e s s  m e d i a t e d  m o r t a l , l i e s  in 

y e a r l i n g  r a i n b o w  t r o u t  as a r e s u l t  of  IPN. U p o n  f u r t h e r  

i n v e s t i g a t i o n ,  h o w e v e r ,  t h e  f i s h  p a t h o g e n i c  b a c t e r i u m ,  A e r o m o n a s  

s a l m c n i c 1 3 a . was i s o l a t e d  f r o m  m o r i b u n d  f i s h  (Bragg, u n p u b l i s h e d  

data, 1986), It is p r o p o s e d  t h a t  I PN v i r u s  w a s  not r e s p o n s i b l e  

for th e  h i g h  m o r t a l i t y  r a t e  in t h e s e  f i n g e r l i n g s  a n d  t h a t  t h e  

f i s h  w e r e  c a r r i e r s  of t he v i r u s .  T h e  m o r t a l i t i e s  w e r e  as a r e s u l t  

of f u r u n c u l o s i s ,  c a u s e d  bv jL. s a l m o n i :i d a . T h e  o c c u r r e n c e  of IPN 

v i r u s  in f i n g e r l i n g s  w h i c h  h a v e  s u r v i v e d  an IPN v i r u s  i n f e c t i o n  

an d  h a v e  b e c o m e  c a r r i e r s  o f  t h e  v i r u s  is w e l l  d o c u m e n t e d  

( M a n g u n w i r y o  i Agiutf. 1988; Y a m a m o t o ,  1 9 75a; 1 9 7 5 b ) .

T h e  r e m a i n i n g  -.ases l i s t e d  in T a b l e  17 w e r e  all p a r t  of a s u r v e y  

rf t r o u t  p r o d u c e d  on s i t e s  w h i c h  s e l l  f i n g e r l i n g s  for r e s t o c k i n g .  

Th e  s u r v e y  was u n d e r t a k e n  as a r e s u l t  of  t h e  i s o l a t i o n  o f  IPN 

V R 2 9 9  v i r u s  fro m  c a s e s  F 3 3 / 8 5  and F 1 0 0 / 8 6 .

L a r g e  n u s ' e r s  of v i s c e r a  s a m p l e s  f r o m  a s y m p t o m a t i c  f i s h  w e r e  

c o l l e c t e d  oi a n u m b e r  of t r o u t  f a r m s  ( A p p e n d i x  3). A vir j s  was 

i s o l a t e d  f r o m  s a m p l e s  of  a d u l t  f i s h  c o l l e c t e d  o n  t h e  f a r m  

'F i s a n t e * r a a l ' in t h e  C a p e  P r o v i n c e  d u r i n g  J u n e  1986. A v i r u s  was 

i - s j  i s o l a t e d  f rom a d u l t  f i s h  c o l l e c t e d  f r o m  t h e  f a r m  'La 

R o c h e l l e ’ in the S a b l e  a : e a  of t he T r a n s v a a l .  A n o t h e r  v i r u s  w as 

i s o l a t e d  f r : m  fry c o l l e c t e d  f r o m  a T P A  h a t c h e r y  in L y d e n b u r g .  

T h e s e  s a m p l e s  w e r e  c o l l e c t e d  d u r i n g  J u l y  1986 ( T a b l e  19).

Al l  t h r e e  i s o l a t e s  w e r e  s e r o l o g i c a l l y  i d e n t i f i e d  as b e i n g  s i m i l a r  

to t h e  V R 2 9 9  s e r o t y p e  of IPN v i r u s  ( T a b l e  20). T h e  C P E  c a u s e d  by 

t h e s e  i s o l a t e s  wer«: i n d i s t i n g u i s h a b l e  f r o m  t h o s e  c a u s e d  by  t he 

v i r u s  i s o l a t e d  f r o m  c a s e  F 3 3 / 8 5  (Fig 26). T w o  of t h e s e  site s ,  

i.e. F i s a n t e k r a a l  and La R o c h e l l e  h a d  a h i s t o r y  of  i m p o r t s  f r o m  a 

h a t c h e r y  in the USA, w h i l e  tt o t h e r  s i t e  d i d  n o t  i m p o r t  f r o m  

t h e  USA. T h i s  s i t e  is, h o w e v e r ,  in c l o s e  p r o x i m i t y  to a n u m b e r  of 

i n f e c t e d  s i t e s  a nd t he v i r u s  c o u l d  h a v e  b e e n  i n t r o d u c e d  to t h i s  

s i t e  v i a  a v e c t o r  s u c h  as f i s h  e a t i n g  b i rds. S o n s t e g a r d  4 

M c D e r m o t t  (1972,1 p r o p o s e d  t h a t  IPN v i r u s  c o u l d  be  t r a n s m i t t e d  by 

f i s h  e a t i n g  birds, s u c h  as t h e  g r e a t  h o r n e d  o wl (B a b o  

virgir.iar.'jg) ■ Fi s h  e a t i n g  b i r d s  in S o u t h  A f r i c a ,  s u c h  as t h e  

haraerkop 1 S c o p u s  u m b r e t f i ■ or t h e  w h i t e  b r e a s t e d  c o r m o r a n t  

P h a l a c r o c  :tjx car b o > c o u l d  h a v e  c a r r i e d  IPN v i r u s  to t h i s  site. 

A l t h o u g h  v i r u s  was i s o l a t e d  f r o m  fry, w h i c h  h a v e  b e e n  r e p o r t e d  to 

b e  s u s c e p t i b l e  (Hill, 1 9 82), no m o r t a l i t i e s  w e r e  r e p o r t e d .  

S i m i l a r  s i t u a t i o n s  h a v e  b e e n  r e p o r t e d  b e f o r e  in o t h e r  c o u n t r i e s .  

IPN v i r u s  was i s o l a t e d  f r o m  t r o u t  f r o m  a h a t c h e r y  in E n g l a n d  

w h i c h  r e p o r t e d  no m o r t a l i t i e s  (Hill, 1982). U p o n  l a b o r a t o r y
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C a s e  n u m b e r  F 1 0 0 / 0 6  ( T a b l e  17), i n v o l v i n g  f i n g e r l i n g  r a i n b o w  

t r o u t  w a s  o f  i n t e r e s t  b e c a u s e  it w a s  th e  o n l y  t i m e  t h a t  IP N  v i r u s  

wa s  i s o l a t e d  f r o m  a s i t e  w h i c h  r e p o r t e d  h i g h  m o r t a l i t i e s .  T h i s  

c a u s e d  s o m e  c o n c e r n  b e c a u s e  n o n e  o f  t h e  o t h e r  s i t e s  f r o m  w h i c h  

IPN v i r u s  w a s  i s o l a t e d  r e p o r t e d  h i g h  m o r t a l i t i e s  a n d  t h e r e  a r e  no 

r e p o r t s  in the l i t e r a t u r e  o f  m o r t a l i t i e s  in f i n g e r l i n g  r a i n b o w  

t r o u t  as a r e s u l t  of  i n f e c t i o n  by IPN v i r u s .  E l a z n a r y  et al 

(1976) did, h o w e v e r .  r e p o r t  on s t r e s s  m e d i a t e d  m o r t a l i t i e s  in 

y e a r l i n g  r a i n b o w  t r o u t  as a r e s u l t  of  IPN. U p o n  f u r t h e r  

i n v e s t i g a t i o n ,  h o w e v e r ,  t h e  f i s h  p a t h o g e n i c  b a c t e r i u m ,  A e r o m o n a s  

s a l m c n i c 1 3 a . w as i s o l a t e d  f r o m  m o r i b u n d  f i s h  (Bragg, u n p u b l i s h e d  

data, 1986). It is p r o p o s e d  t h a t  I PN v i r u s  w as n ot r e s p o n s i b l e  

for t he h i g n  m o r t a l i t y  r a t e  in t h e s e  f i n g e r l i n g s  a nd t h a t  t h e  

f i s h  w e r e  c a r r i e r s  of  t he v i r u s .  T h e  m o r t a l i t i e s  w e r e  as a r e s u l t  

of f u r u n c u l o s i s ,  c a u s e d  bv Â . s a l m c m c i d a . T h e  o c c u r r e n c e  of  IPN 

v i r u s  in f i n g e r l i n g s  w h i c h  h a v e  s u r v i v e d  an  IPN v i r u s  i n f e c t i o n  

3nd h a v e  b e c o m e  c a r r i e r s  of  t he v i r u s  is w e l l  d o c u m e n t e d  

( M a n g u n w i r y o  & A g i u s ,  1988; Y a m a m o t o ,  1975 a ;  1 9 7 5b).

T h e  r e m a i n i n g  c a s e s  l i s t e d  in T a b l e  17 w e r e  all p a r t  of a s u r v e y  

of t r o u t  p r o d u c e d  on  s i t e s  w h i c h  s e l l  f i n g e r l i n g s  for r e s t o c k i n g .  

T h e  s u r v e y  was u n d e r t a k e n  as a r e s u l t  of  t h e  i s o l a t i o n  of  IPN 

V R 2 9 9  v i r u s  fro m  c a s e s  F 3 3 / 8 5  a nd F 1 0 0 / 8 6 .

L a r g e  n u m b e r s  of v i s c e r a  s a m p l e s  f r o m  a s y m p t o m a t i c  f i s h  w e r e  

c o l l e c t e d  or, a n u m b e r  of  t r o u t  f a r m s  ( A p p e n d i x  3). A v i r u s  wa s  

i s o l a t e d  f r o m  s a m p l e s  of a d u l t  f i s h  c o l l e c t e d  on t h e  f a r m  

‘ F i s a n t e k r a a l ' in t h e  C a p e  P r o v i n c e  d u r i n g  J u n e  1986. A v i r u s  wa s  

a l s o  i s o l a t e d  f r o m  a d u l t  f i s h  c o l l e c t e d  f r o m  t h e  f a r m  'La 

R o c h e l l e '  in t h e  S a t i e  a r e a  of  t h e  T r a n s v a a l .  A n o t h e r  v i r u s  was 

i s o l a t e d  f r c m  fry c o l l e c t e d  f r o m  a T PA h a t c h e r y  in L y d e n b u r g .  

T h e s e  s a m p l e s  w e r e  c o l l e c t e d  d u r i n g  J u l y  198-3 ( T a b l e  19).

A J 1 t h r e e  i s o l a t e s  w e r e  s e r o l o g i c a l l y  i d e n t i f i e d  as b e i n g  s i m i l a r  

to t he V R 2 9 9  s e r o t y p e  of I PN v i r u s  ( T a b l e  20) T h e  C P E  c a u s e d  by 

t h e s e  i s o l a t e s  w e r e  i n d i s t i n g u i s h a b l e  f r o m  thor.e c a u s e d  by  t h e  

v i r u s  i s o l a t e d  f r o m  c a s e  F 3 3 / 8 5  (Fig 26). T wo of t h e s e  s i tes,

i e. F i s a n t e k r a a l  and La R o c h e l l e  h ad a h i s t o r y  of  i m p o r t s  f r o m  a 

h a t c h e r v  in the USA, w h i l e  t h e  o t h e r  s i t e  d i d  no t  i m p o r t  f r o m  

the USA. T h i s  s i t e  is, h o w e v e r ,  in c l o s e  p r o x i m i t y  to a n u m b e r  of 

i n f e c t e d  s i t e s  and th e  v i r u s  c o u l d  h a v e  b e e n  i n t r o d u c e d  to t h i s  

s i t e  v i a  a v e c t o r  s u c h  as f i s h  e a t i n g  birds. S o n s t e g a r d  & 

M c D e r m o t t  (1972) p r o p o s e d  t h a t  IPN v i r u s  c o u l d  be t r a n s m i t t e d  by 

fi s h  e a t i n g  birds, s u c h  as t h e  g r e a t  h o r n e d  o wl (B a b o  

'nrt:n:ar,'js) . F i s h  e a t i n g  b i r d s  in S o u t h  A f r i c a ,  s u c h  as t h e  

haraerkop < Sc opus untjret t3 1 or t h e  w h i t e  b r e a s t e d  c o r m o r a n t  

P h a 1 a , r c : r a x :arbo c o u l d  h a v e  c a r r i e d  I PN v i r u s  to t h i s  site. 

A l t h o u g h  v i r u s  was i s o l a t e d  f r o m  fry, w h i c h  h a v e  b e e n  r e p o r t e d  to 

be s u s c e p t i b l e  (Hill, 1 9 82), no m o r t a l i t i e s  w e r e  r e p o r t e d .  

S i m i l a r  s i t u a t i o n s  h a v e  b e e n  r e p o r t e d  b e f o r e  in o t h e r  c o u n t r i e s .  

IPN v i r u s  was i s o l a t e d  f r o m  t r o u t  f r o m  a h a t c h e r y  in E n g l a n d  

w h i c h  r e p o r t e d  no m o r t a l i t i e s  (Hill, 1982). U p o n  l a b o r a t o r y



i n v e s t i g a t i o n , t h i s  i s o l a t e  w a s  f o u n d  t o  b e  h i g h l y  p a t h o g e n i c  to 

r a i n b o w  t r o u t  fry. It w o u l d  t h u s  a p p e a r  t h a t  o t h e r  f a c t o r s  s u c h  

as e n v i r o n m e n t  or p h y s i o l o g i c a l  s t a t e  of  t h e  f i s h  p l a y  a r o l e  in 

t h e  o u t c o m e  of i n f e c t i o n  w i t h  I PN v i r u s .

S a m p l e s  of o v a r i a n  f l u i d  w e r e  a l s o  c o l l e c t e d  on  t r o u t  f a r m s  

d u r i n g  t h e  n o r m a l  s t r i p p i n g  o p e r a t i o n s .  A t o t a l  of  2 8 9 2  

o v a r i a n  f l u i d  s a m p l e s  w a s  c o l l e c t e d  f r o m  13 f a r m s  t h r o u g h o u t  

S o u t h  A f r i c a  ( A p p e n d i x  A ) . It w a s  f o u n d  t h a t  s a m p l e s  of  o v a r i a n  

f l u i H  c o l l e c t e d  f r o m  t h e  f a r m  ’ A q u a c u l t u r a ' w e r e  i n f e c t e d  w i t h  a 

v i r u s .  T h i s  s i t e  a l s o  h a d  a h i s t o r y  of  o v a  i m p o r t s  f r o m  t h e  USA. 

T h e  v i r u s  w as i d e n t i f i e d  as IP N  v i r u s  b y  I F A T  a nd f o u n d  to be 

se r o l o g . ' c a l l y  s i m i l a r  to t he V R 2 9 9  s e r o t y p e  by t h e  s e r u m  

n e u t r a l i z a t i o n  a nd t h e  d i r e c t  I S P A  t e s t  ( T a b l e  21).

A t o t a l  of  5 2 0 )  e y e d  t r o u t  o v a  f r o m  2 2  d i f f e r e n t  s o u r c e s ,  m o s t  

of  w h i c h  h ad b e e n  i m p o r t e d  i n t o  S o u t h  Afri .a w e r e  e x a m i n e d  

( A p p e n d i x  5). A v i r u s  w a s  i s o l a t e d  f r o m  o n e  fcst:h of a b o u t  2 00 

e y e d  t r o u t  o v a  i m p o r t e d  f r o m  t h e  U S A  in N o v e m b e r  1985. T h e s e  o va 

w e r e  i m p o r t e d  f r o m  t h e  s a m e  s i t e  in t h e  U S A  w h i c  . s e n t  o v a  to all 

t h e  o t h e r  s i t e r  in S o u t h  A f r i c a ,  e x c e p t  t h e  T P A  h a t c h e r y  at 

L y d e n b u r g ,  f r o m  w h i c h  IP N  V R 2 9 9  v i r u s  w a s  I s o l a t e d .  S a m p l e s  c e 

t h e  o v a  w e r e  c o l l e c t  -3 at t h e  a i r p o r t  a n d  s h i p p e d  d i r e c t l y  t o  t h e  

V e t e r i n a r y  P e s e a r c h  I n s t i t u t e .  T h e s e  o v a  d i d  no t  c o m e  i n t o  

c o n t a c t  w i t h  a n y  l o c a l  fish. or f i s h  p r o d u c t s .  It w a s  t h u s  c o n ­

c l u d e d  t h a t  t he v i r u s  w as i s o l a t e d  f r o m  t h e  o v a  i m p o r t e d  f r o m  t he 

U £ A  T h e  V i r u s  wa- s e r o l o g i c a l l y  i d e n t i f i e d  as t h e  V R 2 9 9  s e r o t y p e  

of  I PN v i r u s  by the s e r u m  n e u t r a l i z a t i o n  t e s t  a n d  t he d i r e c t  I SPA 

test ( T a b l e  2 2 > a nd t h e s e  r e s u l t s  w e r e  c o n f i r m e d  by Dr H i l l .

T h e  f a c t  tha t  all of t h e  v i r u s e s  i s o l a t e d  f r o m  t r o u t  in S o u t h  

A f r i c a  w e r e  s e r o l o g i c a l l y  i d e n t i f i e d  as t h e  V R 2 9 9  s e r o t y p e  of IPN 

v i r u s ,  p l u s  t h e  f act that thi s  v i r u s  w a s  a l s o  i s o l a t e d  f r o m  a 

c o n s i g n m e n t  of o v a  i m p o r t e d  f r o m  t h e  USA, i n d i c a t e  t h a t  t h e  

v i r u s  w a s  i n t r o d u c e d  i n t o  t h i s  c o u n t r y  v i a  o v a  i m p o r t e d  f r o m  the 

USA. A l l  the s i t e s  in S o u t h  A f r i c a ,  e x c e p t  one, ha d  a h i s t o r y  of 

r e c e n t  o v a  i m p o r t s  f r o m  t h e  s a m e  s i t e  in t h e  USA, thus e n h a n c i n g  

t h e  a r g u m e n t  tha t  t h i s  v i r u s  w a s  i m p o r t e d  f r o m  t he USA. T h e  

p o s s i b i l i t y  tha t  t h i s  v i r u s  w as i n t r o d u c e d  f r o m  E u r o p e  is m o s t  

u n l i k e l y  as t h e  V R 2 9 9  s e r o t y p e  of  I PN v i r u s  has n e v e r  b een 

I s o l a t e d  in E u r o p e  (Hill, p e r s o n a l  c o m m u n i c a t i o n ,  1988; d e  

K i n k e l i n ,  p e r s o n a l  c o m m u n i c a t i o n ,  1988).



5.8. D e t e c t i o n  of a n t i b o d i e r  in f i s h  s e r u m

A n tll 'jes c a p a b l e  of n e u t r a l i z i n g  t h e  V R 2 9 9  s e r o t y p e  o f  IPN 

v i r u s  w . r e  d e t e c t e d  in f i s h  s e r u m  c o l l e c t e d  in S o u t h  A f r i c a  

( T a b l e  23). IPN VP.299 v i r u s  h a d  b e e n  i s o l a t e d  f r o m  f i s h  c o l l e c t e d  

o n  all s i t e s  f r o m  w h i c h  n e u t r a l i z i n g  a n t i b o d i e s  w e r e  foun d .

T h e  f act that a n t i b o d i e s  w e r e  o n l y  d e t e c t e d  in s i t e s  in  S o u t h  

A f r i c a  f r o m  w h i c h  v i r u s e s  w e r e  i s o l a t e d  m u s t  be s e e n  as 

c o n c l u s i v e  e v i d e n c e  of t he e x p o s u r e  of t h e s e  f i s h  to t h e  v i r u s .  

T h i s  c o m p l e t e l y  r j l e s  o u t  a n y  p o s s i b i l i t y  o f  t h e  i s o l a t e d  v i r u s e s  

o r i g i n a t i n g  f r o m  l a b o r a t o r y  c o n t a m i n a t i o n  of s a m p l e s  w i t h  IPN 

V R 2 9 9  v i r u s .
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