
Onderstepoort Journal of Veterinary Research, 64:17-24 (1997) 

J. T. PAWESKA 

Failure to establish chronic infection of the 
reproductive tract of the male horse 
with a South African asinine strain 
of equine arteritis virus (EAV) 

Department of Virology, Onderstepoort Veterinary Institute 
Private Bag X5, Onderstepoort, 0110 South Africa 

ABSTRACT 

PAWESKA, J.T. 1997. Failure to establish chronic infection of the reproductive tract of the male horse 
with a South African asinir:~e strain of equine arteritis virus (EAV). Onderstepoort Journal of Veterinary 
Research, 64:17-24 

Eight sexually mature horse stallions were inoculated intranasally with a South African asinine strain of 
EAV, a strain that was isolated from the semen of a donkey carrier. All horses developed fever, with 
maximum rectal temperatures of 38,9-39,9°C recorded 3-6 d post challenge. Six horses showed very 
mild clinical signs of equine viral arteritis and two were asymptomatic. The virus was recovered from 
the nasopharynxes of six horses 2-7 dafter inoculation, and from buffy-coat samples of all horses, 2-
11 dafter inoculation. Seroconversion to EAV was detected on days 8 and 10 and peak serum-virus
neutralizing antibody titres ranging from log10 1 ,2-1 ,8, on days 14-20 after challege. The titres varied 
from log 10 0,9-1,2 after about 10 weeks, when the experiment was terminated . In three stallions 
euthanased on days 5, 7 and 9 after challenge, virus was detected inconsistently in different parts of 
the reproductive tract and urine. No virus was isolated from the tissues of the reproductive tract col
lected from stallions on days 16, 23 and 68 after challenge. 

Five stallions were bred to six seronegative mares between 13 and 34 d post challenge. No clinical 
signs of EAV were observed, and neither was seroconversion detected in any of the mares after mat
ing. No virus was recovered from semen samples collected at the time of breeding. 

The results of this study demonstrated that the tissues of the reproductive tracts of the stallions did not 
become persistently infected with a South African asinine strain of EAV. 

Keywords: Asinine strain, chronic infection, EAV, equine arteritis virus, horse, reproductive tract, stal
lion 

INTRODUCTION 

Equine arteritis virus (EAV) was first identified in 
1953 as the etiological agent of an influenza-like 
syndrome (Doll, Bryans, McCollum & Crowe 1957) 
which was subsequently named equine viral arteri
tis (EAV) owing to the characteristic medial necro
sis observed in the small muscular-type arteries of 
infected horses (Jones, Doll & Bryans 1957). EAV is 
a positive-stranded RNA virus, classified in the Arteri-
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virus genus (Cavanagh, Brien, Brinton, Enjuanes, 
Holmes, Horzinek, Lai, Laude, Plagemann & Siddell 
1994). Only one serotype of the virus is recognized 
(McCollum 1969; Fukunaga, Matsumura, Sugiura, 
Wad a, lmagawa, Kanemaru & Kamada 1994), but an
tigenic (Fukunaga & McCollum 1977; Kondo, Akashi, 
Fukunaga, Sugita, Sekiguchi, Wada & Kamada 1995) 
and genomic heterogeneity (Murphy, McCollum, 
Timoney, Klingeborn, Hyllseth, Golnik & Erasmus 
1992; Chirnside, Wearing, Binns & Mumford 1994) 
have been shown to exist among strains of EAV from 
distinct geographical origins. The biological signifi
cance of this variability is yet unknown. Serosurveys 
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have indicated that EAV has a worldwide distribution 
in different breeds of horses (Chirnside 1992), while 
other studies suggest a longstanding presence of 
the virus in donkeys in some African countries 
(Himeur 1976; Moraillon & Moraillon 1978; Paweska 
& Barnard 1993; Paweska, Binns, Woods & Chirnside 
1997). 

It has long been thought that EAV spreads by direct 
contact as droplet infection via the respiratory route 
(McCollum & Swerczek 1978). Investigation of the 
1984 epizootic in the USA showed that a large pro
portion of infected stallions continued to shed virus 
in their semen after recovery, so that the virus was 
transmitted sexually to susceptible mares at breed
ing (Timoney 1985). Subsequently, stallions shedding 
EAV in the semen, were reported from many other 
countries (Huntington, Forman & Ellis 1990; Klinge
born, Wahlstrom, Wierup, Ballagi-Pordany & Belak 
1991; Autorino, Rosati, Ferrari , Forletta, Nardi & Am
maddeo 1991; Golnik, Paweska & Dzik 1991 ). The 
virus was also isolated in South Africa from the se
men of a Lippizaner stallion in 1987 (Erasmus 1988). 
Although this stallion originally came from eastern 
Europe in 1980, no oligonucleotide fingerprint homol
ogy could be demonstrated in this South African iso
late, either with European isolates or with any other 
isolates from North America and New Zealand (Mur
phy et a/. 1992). 

Two carrier states have been demonstrated in the 
stallion: a short-term state during convalescence, 
lasting 4-5 weeks, and a long-term, chronic condi
tion which may persist for years after clinical recov
ery (Timoney, McCollum, Roberts & Murphy 1986; 
Timoney, McCollum, Murphy, Roberts, Willard & 
Carswell1987). The carrier state in stallions plays a 
major epidemiological role in maintaining and dis
seminating the virus (Timoney & McCollum 1985; 
Timoney, McCollum & Roberts 1987). A long-term 
carrier state in the mature stallion appears to be tes
tosterone dependent (Little, Holyoak, Timoney & Me 
Collum 1992; McCollum, Little, Timoney & Swerczek 
1994). The ampulla of the vas deferens, with other 
accessory sex glands, has been identified as the 
primary site of viral persistence (Neu, Timoney & Mc
Collum 1988). 

The shedding of EAV in the semen, and venereal 
transmission of the virus, have also been demon
strated in donkeys (Paweska, Volkmann, Barnard & 
Chirnside 1995). The susceptibility of donkeys to the 
equine strain KY-84 (McCollum, Timoney & Tengel
sen 1995), and of horses to a South African asinine 
strain of EAV, was recently reported, but preliminary 
attempts to transmit this strain sexually from horse 
stallions to susceptible horse mares, were unsuc
cessful. However, only one stallion was infected 
intranasally (Paweska, Aitchison, Chirnside & Bar
nard 1996). 
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The purpose of the present study was to determine 
whether a chronic infection of the reproductive tract 
of the male horse could be established by a South 
African asinine strain after intranasal inoculation with 
a dose tenfold larger than that used previously 
(Paweska eta/. 1996). 

MATERIALS AND METHODS 

Experimental horses 

The cross-bred horses (n = 14) comprised eight 3-
14-year-old stallions (numbered 1-8) and six 3-12-
year-old mares (numbered 9-14). Experimental ani
mals were obtained from the resident horse 
population of the Onderstepoort Veterinary Institute 
and the Onderstepoort Biological Product Facility. All 
horses were seronegative to EAV and clinical ly nor
mal before inoculation with EAV. 

Virus and animal inoculation 

The donkey strain of EAV (asinine-94 field isolate) 
recovered from the semen of a naturally infected jack 
(Paweska, Volkmann & Barnard 1994) that had been 
identified as a long-term carrier and shedder of vi
rus (Paweska eta/. 1995), was used. A 6-mQ inocu
lum comprising the supernatant of a cell-culture fluid 
containing 1 04•5 TCID5ofmQ of the fourth passage of 
virus, was administered into the nasopharynx by 
means of a plastic catheter (Doll 1960). 

Experimental design 

One of a group of five stallions (numbered 1-5) was 
euthanased on each of days 5, 7, 9, 16 and 23, and 
three stallions (numbered 6-8) were all euthanased 
on day 68 post challenge. A range of tissues and 
urine samples were collected at necropsy, for virus 
isolation. 

Between 13 and 34 dafter inoculation , stallions 4-8 
were bred to mares 9- 14 twice a day for 3-4 d dur
ing the same oestrus period. The schedule of test 
breeding inoculated stallions to unexposed mares, 
is shown in Table 4. After they had been mated, the 
mares were kept isolated and were monitored for a 
period of 6 weeks after the date of last service. 

Clinical monitoring 

Stallions and mares were observed twice daily for the 
appearance of the clinical signs of EAV, and rectal 
temperatures were recorded for a period of 3 weeks 
after intranasal inoculation or test breeding. 

Collection and processing of specimens 

Blood samples from inoculated stallions were taken 
1 d before challenge and then every 2 d for 3 weeks, 



and then every week, until day 68 after challenge. 
Blood samples from test-bred mares were taken 1 d 
before the first day of mating and then every week 
for 6 weeks after last service. Nasal swabs and 
heparinized blood for buffy-coat preparations were 
collected from stallions 1 d before challenge and than 
every day for 2 weeks after challenge, with additional 
samples taken on days 17 and 21 post inoculation. 
Blood and nasal swabs were collected as previously 
described (McCollum, Prickett & Bryans 1971 ). Ap
proximately 5 mQ of dismount semen was collected 
three times from each of stallions 4-8 at time of test 
breeding. Semen was collected as quickly after mat
ing as possible. No antiseptics were used to wash 
the perineal areas of the mares and the external 
genitalia of the stallions before semen collection. 
Precautions were taken to minimize the thermal or 
ultraviolet exposure of samples. Mares were synchro
nized by use of dinoprost tromethamine (Lutalyse: 
Upjohn (Pty) Ltd, lsando], in accordance with manu
facturer's instructions. The following tissues were col
lected from each of stallions 1-5 at necropsy: lung, 
liver, spleen, kidney, lymph nodes (submaxillary, 
bronchial, mesenteric), testes, epididymis, vasa def
erentia, ampullae, vesicular glands, prostate gland 
and bulbourethral glands. Only tissues of the repro
ductive tract were collected from each of stallions 6, 
7 and 8. Approximately 50-100 mQ of urine was taken 
from each of stallions 1-7 at necroscopy. Tissues and 
urine were collected aseptically as soon after death 
as possible. After collection, all specimens were 
placed on freezer packs and, with a minimum of 
delay, transported to the laboratory where they were 
either processed immediately or frozen at -20°C. 
Wet preparations from dismount semen samples 
were examined microscopically to confirm that they 
contained sperm. Nasal swabs, buffy-coat prepara
tions and tissues were processed for virus isolation 
as described by McCollum eta/. (1971 ). Semen and 
urine samples were processed as described previ
ously (Paweska eta/. 1995). 

Cell culture and virus isolation 

The RK-13 line of rabbit-kidney cells (ATCC CCL37) 
was cultivated in Eagle's minimum essential medium 
(BioWhittaker, Inc., USA) supplemented with 10% 
foetal-calf serum (Delta Bioproducts, South Africa) 
for growth, and with 1 % for maintenance medium. 
Procedures for virus isolation and identification of 
EAV have been described previously (Paweska eta/. 
1996). 

Serological tests 

Virus-neutralization test (VN) 

Determination of serum-neutralizing antibody titres 
to EAV were carried out with the use of a microneu
tralization test (VN) in RK-13 cells in the presence 
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of 10% guinea-pig complement (Paweska & Barnard 
1993). A serum was considered positive when it had 
a VN antibody titre ~ log10 0,6. 

Enzyme-linked immunosorbent assay (ELISA) 

An indirect ELISA, with slight modifications, was used 
to detect lgG and lgM antibodies to EAV (Chirnside, 
Francis, De Vries, Sinclair & Mumford 1995). The 
recombinant EAV ELISA antigen was obtained from 
Dr Ewan Chirnside. The Animal Health Trust, UK. C
It™ immunoplates (Nunc) were used. A blocking 
solution consisted of 3,5% Nestle Lactogen milk 
powder (Food & Nutritional Products, Randburg, 
RSA), 1% casein hydrolysate, and 1% Tween 20 in 
PBS. The same solution was used to dilute sera and 
affinity-purified biotin-labelled goat anti-y chain horse 
lgG (KPL) and anti-~ chain horse lgM (KPL). Opti
cal-density values were recorded with a microplate 
reader (Bio-Tek EL340, Bio-Tek Instruments, Wi
nooski, Vt, USA) at a wavelength (A) of 490 nm. An 
A490 ~ 0,135 was taken as the cut-off point determin
ing an ELISA-positive absorbence value (Paweska 
eta/. 1996). 

RESULTS 

Clinical responses 

All eight stallions developed a fever, six showed mild 
clinical signs of EAV and two remained asymptomatic 
after intranasal inoculation of the virus. Fever hav
ing a duration of 2-5 d (mean: 3,5 d) with maximum 
rectal temperatures of 38,9-39,9°C (mean: 39,2°C) 
was recorded 3-9 d post challenge (Table 1 ). The 
clinical signs were most prominent at time of febrile 
response and they included depression, serous ocu
lar and nasal discharge, conjunctivitis and photopho
bia. Recovery usually occurred between 1 and 3 d 
after the end of pyrexia. 

Virological findings 

The results of virus isolation from nasopharynx, 
buffy-coat preparations, semen and urine, are shown 
in Table 1. 

Nasopharynx 

Virus was isolated from the nasopharynxes of six 
out of eight stallions between 2 and 7 d post chal
lenge. The duration of virus shedding from the res
piratory tract, excluding the two animals necropsied 
during this period, ranged from 3-6 d (mean: 4,2 d). 

Buffy coats 

Virus was isolated from buffy-coat preparations be
tween 2 and 11 d post challenge. The duration of 
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TABLE 1 Clinical and immunological responses and virus isolation from nasopharynx, buffy coat, semen and urine in stallions inocu
lated instranasally with the asinine-94 strain of EAV 

Fevera 
Stallion 
no. Max. Temp. Duration 

oc 

1 38,9 (4) ... 
2 39,9 (5) ... 
3 38,9 (4) (4-7)T 
4 39,2 (5) (5-9)T 
5 39,8 (6) (4-7) 
6 38,9 (6) (6-7) 
7 39,4 (5) (4-8) 
8 38,9 (3) (3-5) 

• Days after intranasal inoculation 
b Virus isolated on RK-13 cells 

Clinical 
signs 

Mild 
Mild 
Mild 
Mild 
Mild 
None 
Mild 
None 

c Serum-neutralizing antibody titre log 10 <: 0,6 

Log
10 

VN titrea 

Seroconversionc 

-

-
0,9 (8) 
0,9 (10) 
0,9 (10) 
0,6 (8) 
0,9 (8) 
0,6 (8) 

TABLE 2 Results of virus isolation from the tissues of reproduc
tive tract of stallions inoculated intranasally with the 
asinine-94 strain of EAV 

Days after inoculation 5 7 9 16 23 68 
Stallion no. 1 2 3 4 5 6, 7, 8 

Testis - + - - - -
Caput epididymis - + - - - -
Cauda epididymis - + + - - -
Ductus deferens - + + - - -
Ampulla - + + - - -
Vesicular glands + + - - - -
Prostate - - + - - -
Bulbourethral gl. + + - - - -

+ = Virus isolated on RK-13 cells 

TABLE 3 Results of virus isolation from organs and lymph nodes 
of stallions inoculated intranasally with the asinine-94 
strain of EAV 

Days after inoculation 5 7 9 16 23 
Stallion no. 1 2 3 4 5 

Lung + - - - -
Liver + - - - -
Spleen + + - + -
Kidney - + - - -

Lymph nodes 
Submaxillary + + + - -
Bbronchial + + + + -
Mesenteric + + + - -

+ = Virus isolated on RK-13 cells 

viraemia, excluding the three animals necropsied 
during this period, ranged from 6-11 d (mean: 8 d). 

Semen 

No virus was recovered from semen of stallions 4, 
5, 6, 7 and 8 between 13 and 34 d post challenge. 
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Virus isolation results a, b 

Peak titre Nasopharyn x Buffy coat Semen Urine 

... - + (3-5) NC + ... + (3-4) + (2-7) NC + ... +(2-5) + (3-10) NC -
1,8(14-T) + (2-6) + (3-11) - -

1,5 (16-20) + (2-4) +(2-9) - -
1,2 (14-20) - +(2-8) - -
1,5 (14-22) +(3-7) + (2-11) - -
1,5 (18-20) +(2-5) + (3-8) - NC 

NC Sample not collected 
"' Stallions 1, 2, 3 and 4 were euthanased on days 5, 7, 9 and 

16, respectively 

Urine 

EAV was detected in urine of stallions 1 and 2, col
lected at the time they were euthanased on days 5 
and 7 after inoculation. 

Tissues 

EAV was isolated from various tissues of the repro
ductive tract of stallions 1 , 2 and 3, sampled on days 
5, 7 and 9, but it was not recovered from the tissues 
of the reproductive tract taken from stallions 4, 5, 6, 
7 and 8 on days 16, 23 and 68 post challenge. In 
the three animals tested on days 5, 7 and 9, virus was 
recovered from vesicular and bulbourethral glands of 
stallion 1 , from all the tissues of the reproductive tract 
(except prostate) collected from horse 2, and from 
the cauda epididymis, ductus deferens, ampulla, and 
prostate of horse 3 (Table 2). 

All organs and lymph nodes tested of horse 1, were 
infected with EAV. Similar results were obtained from 
horse 2, except in lung and liver, from which virus was 
not recovered. In stallion 3, virus was isolated from 
all lymph nodes tested, and in stallion 4, it was de
tected only in the spleen and bronchial lymph nodes. 
No virus was recovered from the organs and lymph 
nodes of horse 5 (Table 3). 

Serological findings 

The first detectable virus-serum-neutralizing (VN) , 
lgM and lgG antibody to EAV was demonstrated in 
samples collected from stallions on days 8 and 1 0 post 
challenge. At this time VN antibody titres ranged from 
log10 0,6-0,9, and ELISA absorbence values (OD) 
for lgM varied from 0, 17-0,43, and for lgG from 0,14-
0,22. Peaks of lgM were detected on days 12-14 (OD: 
0,43-0,56), and of lgG (OD: 0,52-0,72) and of VN 
(1 ,2-1 ,8) antibody, on days 14-20 post inoculation. 
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FIG. 1 Mean serological response in a group of three stallions 
inoculated intranasally with the asinine-94 strain of EAV 

TABLE 4 The results of test breed ing five stallions inoculated 
intranasally with the asinine-94 strain of EAV to suscep
tible mares 

Stallions Mares 

No. D post inoculation No. Clinical 
when test bred signs 

4 13, 14, 15 9 None 
5 18,19, 20 10 None 
6 14, 15, 16, 17 11 None 
7 16, 17, 18, 19 12 None 
8 16, 17,18 13 None 

31 , 32, 33,34 14 None 

a Serum-neutralizing titre log10 ~ 0,6 
b ELISA lgG OD value at A490 ~ 0,135 

Seroconversion 

VNa ELISAb 

<0,6 < 0,135 
<0,6 < 0,135 
<0,6 <0,135 
<0,6 <0,135 
< 0,6 <0,135 
< 0,6 <0,135 

The lgM started to decline rapidly after 2-3 weeks 
post challenge and reached preinfection OD values 
after 4-5 weeks. All three horses monitored until day 
68 remained seropositive, with VN titres ranging from 
log

10 
0,9-1 ,2, and lgG OD values from 0, 19-0,34. 

The mean VN log10 titres and OD lgM and lgG val
ues in sera from the group of stallions 6, 7 and 8, 
are shown in Fig 1. 

Venereal transmission 

No clinical signs of EAV were seen in mares during 
a period of 3 weeks' observation, and seroconversion 
was not demonstrated in any serum samples col
lected within 6 weeks after mating to the experimen
tally infected stallions (Table 4) . 

DISCUSSION 

All stallions in this study became infected after intra
nasal inoculation with the asinine-94 strain. Most of 
them developed only very mild clinical signs of EAV, 
similar to those reported previously (Paweska eta/. 
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1996), except for photophobia. Virus was isolated 
from nasopharynx and buffy-coat preparations dur
ing the acute phase of the infection, and seroconver
sion was detected by both VN and ELISA on days 
8 and 10 after challenge. The severity of clinical signs 
was milder and the mean duration of viraemia and 
virus shedding from the nasopharynx and in the urine 
was shorter than was reported in the majority of 
sexually mature stallions inoculated by the same 
route and with a similar dose of equine isolates of 
EAV (Neu eta/. 1988; Autorino, Cardeti, Rosati, 
Ferrari, Vulcano, Ammaddeo, McCollum & Timoney 
1994). 

In this study, the asinine-94 strain was inconsistently 
recovered from various parts of the reproductive tract 
during a period of 5-9 d after challenge. Since the 
vi rus was isolated from the reproductive tract during 
a period of viraemia only, and no quantitative or other 
assays were undertaken to verify viral replication in 
these tissues, it could be hypothesized that circulat
ing infected white-blood cells were also responsible 
for positive virus isolation from the reproductive tract 
during the acute phase of infection. Nevertheless, the 
lack of a detectable amount of the virus in the repro
ductive system from 16-68 d, and in semen samples 
collected from 13-34 d post inoculation, and the fail
ure of sexual transmission of the infection to a group 
of seronegative mares, indicate that, after clinical 
recovery, none of the stallions developed a chronic 
infection of the reproductive tract with virus shedding 
in the semen. The clearance of the asinine-94 strain 
from internal organs, but especially from lymph nodes, 
was also more rapid than was reported in horses 
infected with equine isolates of EAV (McCollum eta/. 
1971; Neu eta/. 1988; Fukunaga, Wada, Matsumura, 
Anzai, lmagawa, Sugiura, Kumanomido, Kanemaru 
& Kamada 1991 ). 

Virus isolation or test mating is used to detect virus 
shedding in semen and to confirm the carrier state 
in stallions seropositive to EAV due to natural or 
experimental infection. Both methods are highly ef
fective and of equal sensitivity (Timoney eta/. 1987). 
Duration of the carrier status can range from several 
weeks to a period of years, if not for life, in certain 
individuals (Timoney eta/. 1986). The carriers shed 
EAV continuously in the semen and there is no evi
dence to indicate intermittent shedding by seroposi
tive stallions (Timoney eta/. 1987; Timoney, McCol
lum & Murphy 1991 ). 

The challenge virus used in this study, was success
fully transmitted by the sexual route from a carrier 
jackass to two susceptible jennies. Of a total of five 
naturally infected jacks, two (40%) were identified as 
shedders of the virus in the semen (Paweska eta/. 
1995). The results of a seroepidemiological study 
indicated a high correlation between the number of 
positive donkey males and females in some areas of 
South Africa. In contrast, in areas where very limited 

21 



Failure to establish infection of reproductive tract of male horse with asinine strain of EAV 

seroprevalence of EAV infection was found amongst 
jacks, the incidence of EAV infection in jennies was 
also shown to be very limited, or it could not be de
tected at all. Additionally, the seroprevalence of EAV 
infection among South African donkeys less than two 
years old, was found to be a quarter of that in older 
animals (Paweska 1994; Paweska et at. 1997). How
ever, only limited data are available concerning the 
incidence of a carrier state in EAV-seropositive jacks, 
but the results obtained so far, together with the find
ings of a seroepidemiological study in South Africa, 
indicate that venereal transmission might, as in 
horses, be one of the chief modes of virus spread in 
asses. It is rather surprising, therefore, that none of 
the stallions in the present and in an earlier study 
(Paweska et at. 1996) displayed either a long- or a 
short-term carrier state after experimental infection 
with the asinine-94 strain of EAV. This is in sharp 
contrast with the findings by Neu et at. (1988), who 
demonstrated a long-term carrier state in five of eight 
(62,5%) mature stallions in which the KY-84 strain 
of EAV was detected in the reproductive tract up to 
148 dafter challenge, when the experiment waster
minated. Furthermore, a high incidence of the car
rier state was also demonstrated among horse stal
lions naturally infected with EAV (Timoney, McCollum 
& Murphy 1991 ). 

The mechanism of the persistence of EAV is deter
mined by factors which are as yet not completely 
defined. It has been shown that the concentration of 
testosterone plays an essential role in the establish
ment and maintenance of a long-term carrier state 
(Little et at. 1992; McCollum et at. 1994). However, 
EAV infection of the reproductive tract, lasting from 
about 1-3 months in 83,3% of six prepubertal colts 
and from 4-6 months in 33,3% of six additional pre
pubertal colts, was demonstrated when they were in
oculated with the KY-84 strain. This indicates that this 
strain at least has a strong tropism for the tissues of 
the reproductive tract in the absence of testosterone 
or other specific factors that may be present in the 
mature stallions (Holyoak, Little, McCollum & Timo
ney 1993a). The cells of the reproductive tract in 
which EAV replicates and persists, have not as yet 
been identified. The presence of essentially plasma 
cells in the inflammatory infiltrates found in the am
pulla of the vas deferens of infected young colts, sug
gests that the cells may play a role in persistence and 
may also boost the systemic anti-EAV VN antibody 
titres found in these animals (Holyoak, Giles, Mc
Collum, Little & Timoney 1993b). One has to stress, 
however, that the KY-84 isolate is the only equine 
strain of EAV that has so far been used to study the 
mechanism of viral persistence in the reproductive 
tract of the male horse. Although antigenic (Kondo 
et at. 1995) and genomic (Murphy et at. 1992; Chirn
side et at. 1994) diversity among strains of EAV has 
been demonstrated, exact factors affecting the path
ogenicity displayed by particular strains are still un-
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known. Comparison between sequential isolates re
coverd at regular intervals from the same naturally 
infected stallions, revealed ongoing oligonucleotide 
variation which may be important for the establish
ment of the carrier state (Murphy, Timoney & McCol
lum 1991 ). Other possible mechanisms which EAV 
may utilize in the establishment of persistent infec
tion, include changes in viral epitope expression by 
down-regulation of viral glycoprotein production or 
antibody binding of viral antigens presented on host
cell surfaces, thus masking them and allowing the 
progress of infection. These changes were also dis
cussed by Holyoak et at. (1993a). 

The presence of VN antibody to EAV in horse sera, 
indicates that an animal has been infected, but does 
not prove that it is a carrier. In a carrier stallion, how
ever, the VN antibody titre is usually maintained at a 
moderate or high level, suggesting that humoral im
munological interference with viral replication within 
the tissues of the reproductive system is minimal or 
non-existent (Holyoak eta/. 1993a). Comparison of 
the VN antibody titre and isolation of EAV from se
men, suggests that carriers would have a VN titre of 
log10 1 ,5 or greater, and those with a titre of log

10 
1 ,2 

or less, may not be carriers. High VN antibody t1tres 
were also found in stallions when EAV was not re
covered from their semen (Huntigton, Forman & Ellis 
1990). Therefore the predictability of the carrier state, 
based on magnitude of antibody titre, has to be stud
ied futher. Nevertheless, it is worthy of mention that 
the asinine-94 strain was isolated from two jacks with 
high VN antibody tit res (log10 2,1 and 2, 7) which per
sisted (when tested at regular intervals) for a period 
of 1-2 years (J.T. Paweska, unpublished data 1996). 
In the present study, all stallions examined about 1 0 
weeks after intranasal inoculation, had VN titres of 
less than log19 1 ,2. Similar serological results were 
obtained prev1uosly in two intramuscularly exposed 
stallions and one exposed intranasally, and here 
also,the asinine-94 strain could neither be isolated 
from their semen nor be sexually transmitted to sus
ceptible mares (Paweska eta/. 1996). However, more 
detailed comparative studies on the pathogenicity of 
the asinine-94 strain are needed. Available experi
mental data (Paweska et at. 1995, 1996) indicate that 
in donkeys, the humoral immunological response is 
stronger than in horses infected with the asinine-94 
strain . Furthermore, the duration of viraemia in hor
ses infected with this isolate, appears to be shorter 
than that in horses infected with other isolates of EAV 
(McCollum eta/. 1971; Neu eta/. 1988; Fukunaga, 
lmagawa, Tabuchi & Akiyama 1981; Fukunaga et at. 
1991; Autorino eta/. 1994 ). This suggests a distinct 
replication pattern of the asinine-94 strain in horses, 
and could be the reason for the differences in the ki
netics of the immunological response, or it could even 
play a role in the successful establishment of a car
rier state with this particular strain.lt has been shown 
that individual horses may harbour EAV in cells of the 



buffy coat for a long time. For example, Fukunaga et 
a/. (1981) isolated the Bucyrus strain from the buffy
coat fraction on day 36, and Neu eta/. (1988), the 
KY-84 strain on day 110 after experimental challenge. 
The nature of the infection and the type of blood 
leukocytes infected with EAV have not yet been de
termined. However, equine macrophage cultures 
have been shown to support the replication of the 
Bucyrus strain of EAV (McCollum 1978, cited by Neu 
eta/. 1988). 

The status of EAV infection in the South African horse 
and donkey populations is rather intriguing, particu
larly with regard to the long coexistence of both spe
cies in the country. The disease seems to be endemic 
in donkeys (Paweska & Barnard 1993; Paweska 
1994) but not in horses (Erasmus 1988; P.G. Howell, 
unpublished data 1996). The failure to establish a 
carrier state in the male horse after infection with the 
asinine-94 strain of EAV in this and in an earlier study, 
which also indicated the low lateral in-contact trans
mission of this strain among horses, and failed to 
demonstrate its lateral spread from experimentally 
infected donkeys to susceptible horses (Paweska et 
a/. 1996), contribiutes to a better understanding of 
the EAV epidemiological situation in South Africa. 

The potential epidemiological significance of Equus 
asinus in maintaining EAV in different endemic areas, 
has still to be determined. In the light of the carrier 
state established in donkey stallions, the intensity of 
mule production in some countries could play a role 
in the dissemination of the virus or affect the viru
lence of EAV. 
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