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SOME PROPERTIES OF AVIRULENT COLO VARIANTS 

OF AFRICAN HORSE SICKNESS VIRUS (*) 

By 

H. Mirehamsy and H. Taslimi 

SUMMARY. ln order to obtain strains of African horse sickness virus avirulent 
for mice, a wild strain and a neurotropic vaccine strain, both of Asian type 9, 
were propagated serially in a monkey cell line at decreasing temperatures. The 
2 mouse avirulent strains obtained in this way were unable to induce detectable 
antibody in horses. These strains produce more interferon than the normal viru· 
lent strains. T here is evidently a relationship between the neurovirulence of 
African horse sickness virus (AHSV) for mice and its immunogenicity for horses. 

The present investigations were initiated to develop strains of African 
horse sickness virus (AHSV) that are avirulent for mice, and to study the im
munological characteristics of su ch avirulent viruses. For this purpose a wild strain 
and a neurotropic vaccine strain, both of Asian type 9, were propagated serially 
in a monkey kidney cell line at varjous temperatures. 

MATERIALS AND METHODS 

Virus Strains 

Viruses employed in this study were the wild strain S 28 isolated in 1960 
from the blood of horses showing symptoms of the acute cardiac fonn d the 
disease in Khorram-Abad (Iran), and strain S 2, also isolated from the blood of a 
sick horse in Shiraz (Iran). The latter became neurotropic after 100 intracerebral 
passages in mice and is already used as a vaccine strain (Hazrati and Taslimi, 1963). 
Both viruses are related antigenically to the type 9 of AHSV descrir,ed b~' Howell 
(1962). 

After isolation, the strain S 28 was passed 4 times in mice, then 8 times in 
primary hamster kidney cells (HKC) at 36°C., twice in a monkey kidney stable cell 
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line (MS) at 36°C., 31 times in MS cells at 30°C. and finally, 10 times in MS ceUs 
at 25°C. This passage history can be summarised as foUows: mice 4 HKC 8 (36°C.) 
MS 2 (36°C.) MS 31 (30°C.) MS 10 (25°C.). After 100 intra-cerebral pa~sages in 
mice, the ne'Jrotropic strain S 2 was first adaptd to MS cells by 5 passages al 
35°C., then 22 times in MS cells at 30°C., and 10 tilT'e~ in MS cells at 25°C.: Mice 
100 MS 5 (36°C.) MS 22 (30°C). MS 10 (2S°C.). 

Cells 

HKC were prepared according to the te-::hnique previously described (Mir
<.:hamsy and Taslimi, 1962, 1963). The cell strain MS has been used continually in 
th:s laboratory for the last 2 years, and consists of a fairly homogenous population 
of cells growing a uniform monolayer in 160 mm. X 16 mm. tubes. The media 
used for the growth and maintenance of MS cells have been described already 
(Mircharr sy and Taslimi, 1964). 

In o;-der to obtain enough virus at various temperatures and at differe:lt 
passage le';els of MS cells, 10 culture tubes we~e used in each passage and for each 
virus. After 3 to 6 days the degeneration of ce1ls was almost complete, when the 
fluids \Vere harvested and pooled. Each passage was made with 0.1 ml. of alO-I 

dilution of the pooled fluid from the previous pass~ge, which dilution as allo\\ed 
to adsorb for 30 to 45 min. at 25°C. before 0.9 ml. of the maintenance medium 
W2S added to each tube. The poold fluid of each passage \Vas lyophilized and 
keI't at -40°C. 

lnfectivity Test 

The infectivity of the cultures was tested in mice. A volume of 0.03 ml. of 
each dilution of lyophilized virus was injected intrace"ebrally into each of a group 
of 8 to 10 adult mice. Mortality was recorded daily and the end-point determined 
after 2 weeks observation, by using the method of Reed and Muench (1938). 
Tissue Culture Titration 

The tissue culture infective dose 50 (TCID50) of viruses, at various passage 
leve!s and duing the adaptation of viruses to gro'Nth at 30°C. and 25°C., W'lS de
termined i!l MS cells. The titration was done at 36°C. and 2 MS tubes v,ere used 
for each vin:s dilution. 

Horse Sera 

The experimental horœs used were 2 to 3 years old and were free from 
AHSV antibodies. Serum neutralization tests of the horse sera, before and after 
immunizatio!l, we,e performed in MS ce!ls according to the te:::hnique descrite:l 
in prev:Œ!S reports (Mirchamsy and Taslimi, 1964). 

Production of Interferon 

Interferon was prepared according to the method described by Wagner 
(1961) as follows: 3 sets of 20 tubes of MS cells were infected with 0.1 ml. of a 
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10-1 dilution of the 2 cold variants S 28 [Mice 4 HKC 8(36"C.) MS 2(36°C.) MS 
31(30"C.) MSll (25"C.)]. and S 2 [Mice 100 MS 5(36°C.) MS 22(30"C.). MS 
11(2S"C.)], prototype strain 9 [S2 MS 19 (36°C.)] respectively. Five ta 6 days later, 
when the CPE was almost complete in ail tubes, the f1uids of e:lch set were har
vested, lightly centrifuged and then subjected ta three 2-hr. cycles of centrifuga
lion at 100,000 g ta free it from virus. The supernatant f1uid was stored at + 40C. 
for interferon assay. 

The infectivity of this f1uid was first tested in MS cells. No CPE was detect
ed when undiluted f1uid was assayed. One sample of each interferon was dialyzed 
overnight in phosphate buffer before interferon assay. The interference was not 
reduced by dialysis. 

Plaque Reduction Method for Interferon Assay 

The interfering activity of interferon was measured on monolaye;-s of MS 
ce!ls using as an end-point the reduction by 50';:, of the number pf plaques as sug
gested by Wagner (1961). For this purpose two-fold dilutions of the interferon ta 
be titrated were made in a series of tubes containing 1 ml. of fresh maintenance 
rr:edium without serum. A suspension of 1 ml. of AHSV type 9 neurotropic strain 
S 2 passed 20 times in MS at 36°C. from a lyophiIized stock estimated to contain 
180 to 200 phque-forming units (PFU) was then added to each tube. Control tubes 
containing the same dose of virus without interferon were included in each experi
ment· 

Plaque Assay 

The plaque method described elsewhere (Mirchamsy and Taslimi, 1966) was 
applied as follows: 0.3 ml. of e"lc'1 mixture or virus and interferon was plated on 
mono layer cultures of MS cells in 2 oz. prescription bottles. After 2t hr. incuba
tion at 36°C. with constant rocking of the bottles in a shaking machine, the f1uid~ 
were removed and replaced by 6 ml. agar overlay containing 1 % washed agar in 
maintenance medium without calf serum. A few minutes later the bottles were 
placed in an incubator with the agar layer uppermost. After 3 days incubation at 
36°C. plaques were stained with 1/50,000 neutral red in maintenance medium for 
1 hr. The plaques were then counted 12 and 36 hr. later. 

Culture Protection-Interferon Assay 

In the method described by Sreevalsan and Lochkart (1962), the immunity 
of MS cells, pre·treated with interferon to superinfection was tested. The medium 
of MS cultures using 3 replicate tuces re, dilution in Pyrex tubes of 16 mm. was 
removed and replaced by a 1 ml. dilution of the interferon to be tested. The cul
tures were then kept overnight at 36°C. Next day they were infected with 100 
TCID50 of AH SV type 9 wild strain 10/60 MS 9(36°C.). The total or partial 
abwlce of CPE in the presence of interferon, in comparison with contraIs showing 
complete CPE, provides a rapid and reliable assay for interfering activity. 
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RESULTS 

Changes in TCID50 at Different Temperatures 

During the passages in MS cells at 36°C., the first cytopathic effect (CPE) 
was usually noticed 24 to 30 hr. after incubation. The CPE increased on the second 
day, when in ail parts of the infected sheet the change was evident. Degeneration 
was complete on the third d&y and the TCID50/ml. was not significantly changed. 
In the first 3 passages at 30°C. the appearance of CPE was delayed until 48 hr. 
after infection, and total degeneration of cells occurred in 6 days. After the fourtb 
passage, CPE was noticed 30 hr. post infection and tbe cell sheet had degenerated 
by 4 to 5 days. At this stage the TCID50/ml. had dropped by almost 1 log. The 
adaptation of both viruses to gUYivth at 25°C. was apparently complete after 3 seriaI 
passages at this temperature. Although a slight de crea se was noticed at this stage 
in TCID50/mI., this was not consistent and varied from one sample of the lyophi
lized virus to another. 

Changes in Virulence of Virus for Miee with Silbeuilures at Different Temperatures 

The virulence of viruses was tested by intracerebral inoculation in mice after 
each 5 passages in MS cells. Figs. 1 and 2 show the decrease of virulence of both 
viruses following seriaI passages. In the case of neurotropic strain S 2 there was 
first an increase and then a slow decrease in virulence when virus was propagated 
serially at 36°C. The LD50/ml. of the starting material was 106.2, and was reduced 
after 44 passages to 105.0 . The loss of virulence was accentuated wh en the virus 
was adapted to 30°C., the LD50/ml. of the strain S 2 dropping to 104.76 after 25 
passages at 30°C. An avirulent strain was obtained finally when the virus, adapted 
already, to 30°C., was passed 10 more times in MS cells at 25°C. 

The virulence of the wild strain S 28 dropped in the same fashion. While 
the LD50/ml. of this virus was 105.5 after 44 passages in Ms cells at 36°C., it drop
ped to 102.33 when the virus was passed 40 times in the same cells at 30°C. and the 
pathogenicity for mice was lost after 10 more passages at 25°C. 
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FIG. I. Decrease of neurovirulcncc for mire .md vanafJol Fic. 2. 1 k(fl'.l~C (lf ncuTovirl1lcucc for miec and v·3riation 
of tissue culture titre arter scrial passages of AHSV type~, of (I\"'\!C t ulrurc titre ;tfter \l'ri.t! passages of AHSV type 9. 
vaccine strain 52 in MS cdllinc J.t vJ.riolls rcmpl'TJ.rurcs. \\ dd ~tr.till S 2R III MS cl'il 111ll' J[ \".lrIOliS tcmperatures. 
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Antigenic Characteristics 0/ the Cotd Adapted Virus in Horses 

Three groups of 5 horses were immunized subcutaneously with a single dose 
of the following viruses: Group 1, 1 ml of cold adapted wild strain S 28; Group 2, 
1 ml. of cold adapted neurotropic strain S 2; Group 3, 1 ml. of a 1 in 10 dilution 
of the standard vaccine strain S 2 passed 5 times in MS cells at 36°C. Each injec
tion dose contained 105TCID50 of the corresponding virus. Horses were under 
close veterinary control. No thermal reaction was observed during the 8 weeks of 
observation. The neutralizing antibody was assayed 8 weeks after immunization. 
The results are presented in Table 1. 

From data presented in this table it is evident that whiIe the standard vac
cine strain induced a significant antibody response in horses, the cold variants 
were unable to initiate antibody formation at a measurable leveI. 

TABLE 1 
\'.ltCl:-:E TIT~L hTI\IAHS 1:-1 HOR5[S roR TYP[ 9. TC AOAPTEO VACCI~[ STRAIN OR COLD 

V.~RIA!\TS or AHSV DY NEUTRALIZATION n~TS Ir< A MONKEY KlDr<EY Cnl Llr<[ 

4 
,\ 

wilJ tl'pC 5 lX. lIlic~ 
-+ IIKC ~(36°). M5 1(36<). 
.\\531(30°). MS 10(15°) 

(. V JCClIle serain S ~. Il Il Cl' 

ï 100 MS 5(36°). MS 11 

.\ (30C). MS 10(15°) 
') 

10 

Il 

11 
1 J 
14 
Ij 

V;lCcÎnc ~(r.tin S ZI Juin" 
100 MS 5(36°) 

Titre of virll' 
(Ncg. log) , 

LD50/0,oJ IIll. TCIO.\ofllll. 
I.C.l1l1Ce 

<1 

<1 

NClJtrJlizJl1~ 
antibody -

(tilre) 

511 

:.. 1014 
11S 
jl') 

511 

In another experiment, not recorded here, 5 horses were immunized with 
2 separate doses of the co Id variant S 2 used in the previous experiment at an in
terval of 4 weeks. In this experiment also no detectable antibody was found 4 
weeks after the injection of the second dose of virus. 

An attempt was made to re-adapt the cold variants, (i.e. those with 10 pas
sages in MS cells at 25°C.) to the same ceIls at 36°C. After 8 seriaI passages for 
re-adaptation at 36°C. no rise of virulence for mice was found and 5 horses im
munized with 1 ml. of undiIuted tissue culture virus had no significant antibody 
rise, 8 weeks after immunization. 
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interferon Production 

The results of interferon assay by plaque and CPE methods are reflected in 
Table II. It can be seen that the highest interferon yields were obtained in cultures 
infected with cold variants. Similar results were consistently obtained in 4 experi
ments. 

DISCUSSION 

The problem of production of AHSV vaccine in tissue culture being solved 
(Mirchamsy and Taslimi, 1964), it becomes necessary to direct attention to the 
stability of antigenic characteristics of tissue-culture-adapted viruses. AlI 7 mice-

TABLE Il 
COMPARATIVL TlfRATION or I!'TERH HO!' l'ROOt..:CTIO'l IlY AIISV TYPE 9 

Virus 
(pa\\.lge bTI) 

Aviruknt wild m.li" S 28 

micc 4 HKC S(300) MS 2(36°). 

MS 31(30°). MS 11(25°) 

A\'iruiL"nt "aceinc stra;n S 2 

Illiel' 100 MS 5!J('O). [\IS 22(30°). 
,r-.1S 11(25') 

Virulcllt vaccilll: Str:lill ,~ .2 

min: 100 MS S(J('O) 

lmcrlcroll 
ddurio" 

U"ddllled 
, -

1 :4 
1 :H 
1 : 1 (, 

: 3! 

U"dilull'd 
. -

1 :4 
1 :X 
1 : 1(, 

1 :32 

U"dilulcd 
, -

1 :4 
: S 

: 1(, 

1 :32 
Cl 

Plaquc rcJuClioll a\\l)" CPL ml'd",J 
Average of Reductlo" IIllIllU"il\' (0 crE";, 

pla'lue i" l'I.''luc 
coum/ml. Il 11 III ber 0(') 

(.1) (h) 

40 7 H 100 

53 70 100 

73 59 100 

133 26 50 

170 (, 20 

IHj 0 0 

('0 (,(, 100 
()3 ('5 100 

77 57 75 
133 20 25 
1 H3 0 10 

ISO 0 0 

85 53 50 
140 " 25 
IHj 0 () 

IÎ~ 0 () 

IS! 0 
,) 

IS2- 0 0 

IH! 0 0 

(,1) Four'ooull'\ \\'CfC li \L'l 1 fnl l'.llh dllUlil)1I (h) 1ITlllllllllry [0 CPE 10') 110 JC!;L'J}{"r.lIinll."75. 50 Jnd 1):." appr'1.\IIIlJtcly 
:." l,Ill' )0° LI and - \ fI \, lk;'~i'llcr Il Il '11. 1 C\l'U! I\yl ~ \ l llllllJ'k'rc dl'!-!CIH:r.ltIUll. 

adapted African types and the mice-adapted Asian type of this virus are easily 
adapted to tissue culture and produce, after 5 to 20 seriai passages, a high yield 
of virus; they also indu ce a significant ri se of neutralizing antibodies in horses, 
comparable with that induced by mouse-brain vaccine. 

It is not known, however, how long these viruses can be passed in different 
host celIs withoutchanging their genetic characteristics. 

To answer this question the present studies were started. It was especially 
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important to find the correlation between the passage number at varîous tempera
tures in a given host cell, the virulence of the virus for mice, and its immunogenic 
ability for horses. From data presented in this report it is evident that there is a 
relationship between neurovirulence of the virus for mice and its antigenicity in 
horses, virus avirulent for mice being unable to indu ce immunity in horses. 

Another characteristic of the cold variants of ARSV was the increase in 
interferon yield. Difference in interferon production between strains of the same 
virus have been reported by sever al investigators. De Mayer and de Somer (1962) 
found that attenuated variants of both measles and polio viruses produced more 
interferon than the normal strains. Sellers (1963) reported that attenuated strains 
of foot-and-mouth disease virus produced more interferon than did the virulent 
virus. 

A practical result we can assume from the present study is that the con· 
tinuous passage in tissue culture of AHSV strains used for live vaccine production 
may affect the immunogenicity of the virus for horses and should be avoided. 

REFERENCES 

HAZRATI, A., and TASLIMI, H. (1963). Proc. XVIIth World Veto Congo 1, 535. 
HOWELL, P. G. (1962). Onderstepoort J. veto Res., 29, 139. 
DE MAYER, E, and DE SOMER, P. (1962). VIIIth Symposium Europ. Assoc. Polio· 

myelitis and Allied Diseases, Prague, 23. 
I\1IRCHAMSY, H., and TASLIMI, H. (1962). C. R. Acad. Sei. (Paris), 255, 424. 

(1964). Brit. veto J., 120, 481. 
(1963) . Nature, Land., 198, 704. 

MIRCHAMSY, H., and TASLIMI, H. (1964a). Bull. Off. 1nt. Epiz., 62, 911. 
(1966), Canad. J. camp. med. 

veto Sei., 30, 47. 
REED, L. J., and MUENCH, A. H. (1938), Amer. J. Hyg., 27, 493. 
SREEVALSAN, T. 1., and LOCKHART, R. Z . .Tr. (1962). Viral. 17, 207. 
SELLERS, R. F. (1963). Nature, Land., 198, 1,228. 
WAGNER, R. W. (1961). Viral. 13, 323. 

25 


