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Review article
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Summary &horbar; African horse sickness (AHS) is an infectious, non-contagious, highly fatal viral dis-
ease of Equidae, transmitted by arthropod vectors of the genus Culicoides, and endemic in Africa
south and east of the Sahara. The disease is caused by a virus of the Reoviridae family, genus Orbi-
virus, and 9 serotypes have been recognized. Recent outbreaks of AHS in the Iberian peninsula and
Northern Africa emphasize the need for accurate diagnosis and rapid implementation of control
measures. In this paper, the epizootiological factors, clinical signs and necropsy findings of AHS are
discussed, and an updated review of diagnostic laboratory methods together with a description of
the main control measures is given.

African horse sickness / diagnosis / control

Résumé &horbar; Situation actuelle du diagnostic et du contrôle de la peste équine.. La peste équine
est une maladie virale des équidés non contagieuse conduisant à la mort dans la plupart des cas.
Elle est transmise par des arthropodes vecteurs du genre Culicoides et se trouve à l’état endémique
en Afrique au Sud et à l’Est du Sahara. La maladie est causée par un virus de la famille des Reoviri-
dae du genre Orbivirus et 9 sérotypes ont été identifiés. De récents foyers de peste équine apparus
dans la péninsule ibérique et en Afrique du Nord ont fait apparaître le besoin d’un diagnostic précis
et la mise en oeuvre rapide de mesures de contrôle. Dans cet article, les facteurs épizootiologiques,
les signes cliniques, les résultats d’autopsies sont discutés et une revue des méthodes actuelles de
diagnostic de laboratoire ainsi qu’une description des principales mesures de contrôle sont présen-
tées.
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INTRODUCTION

African horse sickness (AHS) is a non-

contagious highly fatal acute or sub-acute
infectious disease of Equidae character-

ized by clinical signs due to respiratory and
circulatory impairment. AHS is transmitted
by arthropod vectors of the genus Culi-
coides and has a seasonal incidence

(Chalmers, 1968). The disease is caused

by a viscerotropic double-stranded RNA vi-
rus of the Reoviridae family, genus Orbivi-
rus. Nine antigenically different serotypes
have been recognized, which nevertheless
present common group-specific proteins
(Buxton and Fraser, 1977; Mohanty and
Dutta, 1981 ).
AHS is enzootic throughout Africa,

south and east of the Sahara. It has only
occurred outside Africa occasionally, but

recently the disease has been diagnosed
in Spain (1987-1990), Portugal (1989) and
Morocco (1989-1991) (Rodriguez et al,
1992a).

Due to the major sanitary and economic
repercussions caused by the occurrence of
AHS in non-enzootic countries, quick diag-
nosis and enforcement of control meas-

ures is essential.

DIAGNOSIS OF AHS

The efficacy of the emergency control

measures applied in case of an outbreak
of AHS in a non-enzootic area is increased
with their rapid implementation. A delay
even of a presumptive clinical diagnosis
can result in the spread of the disease at
large distances. According to the experi-
ence gained in outbreak situations, when

early recognition of clinical cases of AHS
occurred, the spread of the disease was
notably curbed in comparison with cases in
which diagnosis was delayed for several
days.

In an outbreak situation, the clinical and

epizootiological data, together with the pa-
thology findings, make a tentative diag-
nosis possible, which by itself can justify
the application of urgent control measures,
even though further laboratory confirma-
tion is necessary.

During the 1987 AHS outbreak in the
Madrid area, only time-consuming virus

isolation and identification methods were

available for laboratory diagnosis. Due to
this, the clinical, epizootiological and path-
ological findings were crucial for the con-
trol of the disease. Although a rapid labora-
tory diagnostic method is currently
available, namely an indirect sandwich
ELISA which detects AHS virus (AHSV) in
field samples (Hamblin et al, 1991), the
role of the equine practitioner should be
considered essential for the early recogni-
tion of the disease.

Epizootiological data relevant t
for AHS diagnosis

The presence of the arthropod vectors has
a determinant effect on the appearance
and spread of AHS, and the mortality rate
relates with the vector population present.
AHS has a seasonal incidence, preferably
occurring towards the end of the summer,
in warm, low-lying and humid areas in

which the breeding conditions of the mid-
ges are optimal (Dardiri, 1986). In those
seasons during which the vector activity is
lower due to unfavourable climatic condi-

tions, in case the disease appears it does
so only sporadically.
AHS occurs frequently among suscepti-

ble Equidae held near humid areas, such
as rivers or marshes, where the number of
adequate arthropod vector breeding sites

is high. The spread of AHS usually takes
place following river basins, as occurred
during the 1987 AHS outbreak near Ma-



drid, when the disease was found through-
out the Alberche and Perales river basins,
affecting a stretch of land 100 km long and
50 km wide (Rodriguez et al, 1989). The si-
multaneous occurrence of cases of AHS at
considerable distances can usually be
traced to the movement of infected ani-
mals.

AHS only affects members of the Equi-
dae family, with the highest mortality rate
occurring in horses. Mules and donkeys
are less susceptible (Fenner et al, 1987).
During the first recent outbreak in Spain in
the Madrid area, 29 horses out of 30 died
in the original holding, whilst all the don-

keys, namely 7, survived the disease (Rod-
riguez et al, 1987). AHS may appear in
one or in a small number of animals of an

equine holding simultaneously. After the
first deaths, the disease is not detected

again until approximately 2 wk afterwards,
when a larger number of animals may
show clinical signs and the disease may
be found in other nearby holdings. This ap-
parent interruption may be due to the time
lapse necessary for the following se-

quence of chained events: feeding of an
arthropod vector on a viraemic Equidae, vi-
ral replication inside the vector, bite of a

susceptible host animal by the infected

vector and incubation period before ap-

pearance of the first clinical signs in the in-
fected animal. If no control measures are

taken, the disease continues to spread in a
similar way, depending on the prevalence
of the vector population and the number of
susceptible Equidae present in the area.

The vector midges of the genus Culi-
coides are exophilic and tend to bite at

night, mostly during the evening and be-
fore dawn (Erasmus, personal communica-
tion, 1988). These facts must be taken into
account for the control of the disease, as
could be seen in those holdings in which

the horses were stabled overnight during
the 1987 Madrid AHS outbreak, where

mortality rates were found to be much low-

er than in those in which the animals were
not stabled (Rodriguez et al, 1987).

Clinical diagnosis

To establish a presumptive clinical diag-
nosis of AHS, the different forms of the dis-
ease must be taken into account. The clini-
cal picture depends on the pathogenicity of
the viral serotype involved and the individ-
ual resistance of the infected animals

(Chalmers, 1968). Three main forms of the
disease have been described: the acute or

pulmonary form, the sub-acute or cardiac
form and the mixed form. A febrile form is
also recognized, known as &dquo;horse sickness
fever&dquo;, which is only found in enzootic areas
(French and Geering, 1978). In most ou-

breaks in non-enzootic areas, mixed clini-

cal signs are found, with prevalence of pul-
monary or cardiac impairment in a varying
degree.

The pulmonary form is characterized by
a sudden onset, with high temperature and
signs associated with acute pulmonary
edema. The main clinical signs are dysp-
nea, paroxysms of coughing and discharge
of frothy fluid from the nostrils. Edema of
the head and neck can be seen, with bulg-
ing of the supra-orbital fossae, but less fre-
quently than in the cardiac form. The pul-
monary form has a short course with a

high mortality rate, with terminal hypother-
mia and death occurring in 24-48 h after

the onset of the first clinical signs. It was

the clinical form found most frequently in

the 1987 Madrid AHS outbreak (Rodriguez
et al, 1989).

The cardiac form of AHS prevailed dur-
ing the 1988 outbreak in Andalusia, al-

though mixed clinical signs were present in
many cases also during 1989 and 1990
(Rodriguez et al, 1992a). The incubation
period and the course of this form of the
disease is longer than for the acute pulmo-



nary form, and the mortality rate is lower

(Dardiri, 1984). The onset of the disease is
characterized by fever and the appear-
ance of generalized signs of edema. In the
early stages, a prominent bulging of the

supra-orbital fossae is observed, together
with a progressively increasing edema of
the eyelids, lips, cervical and sternal re-

gions and ventral abdomen. At this stage,
large accumulations of fluid also occur in
the thorax, abdomen and pericardial sac,
producing a decompensated congestive
cardiac failure (Rodriguez et al, 1992a).
The longer course of the sub-acute forms
allows for the stated edematous swellings
and accumulations of fluid, although no
edema of the limbs is found. Affected ani-
mals may show clinical signs during 5-7 d
before death, which may occur in some

cases even 15 d after the onset of the dis-
ease.

Necropsy and histopathology
findings relevant for diagnosis

As stated earlier, mixed forms of the dis-
ease are the ones most frequently found,
with cardiac or pulmonary functional im-

pairment predominating in a varying de-
gree depending on the virulence of the
AHS strain involved and the resistance of
the infected host animal (Chalmers, 1968).

On external inspection, the main find-
ings were edema of the head, specifically
of the supra-orbital fossae, lips and

tongue, together with edemas of the neck
and sternal region. Often a frothy whitish
or reddish fluid could be seen oozing from
the nostrils, a reflection of the pulmonary
edema (Rodriguez et al, 1992b).

Upon opening the linea alba, a marked
yellowish and gelatinous edema of the
subcutaneous connective tissue was

found, which could be 6-7 cm thick, to-

gether with interfascial edema of the ab-

dominal muscles. Ascites was frequently
seen, with accumulation of large quantities
of fluid. Focal subcapsular splenic petechi-
ae were present, without variation of the

size of the spleen. Edema of the intestinal
walls was observed, with subserous pe-
techiae appearing mostly in the small bow-
el. A constant finding was a marked sub-
mucosal congestion of the fundus of the

stomach, accompanied in some cases by
congestive, hemorrhagic and hypertrophic
Peyer’s patches. The mesenteric lymph
nodes were reddish and moist on opening,
and slightly hypertrophic. In most cases,
both the liver and the kidneys presented a
variable degree of congestion, but showed
no other lesions. No other organs of the
abdominal or pelvic cavities displayed any
notable additional gross lesions.

In the mixed form of AHS hydrothorax is
also frequently present, with the appear-
ance of 500-1 000 ml of a clear, yellowish
fluid in the pleural cavity. The lungs are
one of the main target organs, also in the
acute pulmonary form. They appear gross-
ly distended, with marked interstitial and al-
veolar edema. When the lungs are cut, a
clear whitish or reddish frothy fluid oozes
out. The trachea contains a large amount
of a whitish or pinkish frothy fluid, and sub-
serous and submucous edema is found.

Occasionally petechiae can be observed
coincinding with the edematous areas, but
showing a focal distribution.

The heart is the target organ presenting
the most characteristic and constant le-
sions. It shows an increase of size, and
when the pericardial sac is opened, hydro-
pericardium is a constant finding. The
amount of accumulated yellowish fluid can
reach a volume of 500-2 000 ml. The med-
iastinal lymph nodes are hypertrophic, red-
dish and moist on opening.

Subcutaneous and interfascial edema of
the neck is also a common necropsy find-

ing.



The remaining organs of the thoracic

cavity and the neck did not present any
other notable gross lesions.

The histopathological changes ob-

served confirm the macroscopic observa-
tions, with all the organs and tissues stud-
ied showing edema, congestion and

occasionally microhemorrhages. The

lymph nodes, Peyer’s patches and splenic
tissue are reactive, with a large number of
blastic cells undergoing mitosis, indicating
the development of a positive immune re-
sponse during the course of the disease.

The lungs show congestion and pulmo-
nar, alveolar and interstitial edema (fig 1 ).
The bronchial and bronchiolar epithelial
cells suffer depolarization, and appear
mixed with lymphocytes, plasmocytes and
histiocytes, although no intra-luminal cellu-
lar desquamation can be observed at this
level, nor in the alveoli.

The blood vessels of all the organs and
tissues studied contained a large or very

large number of cellular elements of the

white series, mostly immature forms. The
endothelial cells, mainly those located in

the paracortical blood vessels of lymph
nodes, which under normal circumstances
show a considerable size, were very large
and had undergone vacuolization.

In conclusion, the histopathology find-

ings demonstrate the presence of an acute
pathologic process, accompanied by a lim-
ited inflammatory response.

Laboratory diagnosis

The clinical signs, the necropsy findings
and the epizootic nature of AHS allow an
early tentative diagnosis of the disease, al-
though the symptoms and lesions are not
pathognomonic (Dardiri, 1984, 1986). Nev-
ertheless, laboratory confirmation remains
necessary not only to identify the serotype
of African horse sickness virus (AHSV) re-



sponsible for the outbreak, but also to rule
out diseases such as equine viral arteritis,
equine infectious anemia, anthrax, the in-
gestion of poisonous plants such as Crota-
laria spp, Purpura hemorraghica and bab-
esiosis, among others (Lubroth, 1988).

The laboratory confirmation of a pre-

sumptive outbreak of AHS must not be

based on serological results, because it is

probable that infected animals will die be-
fore showing a measurable immune re-

sponse, which appears at = 10-14 d post-
infection (Erasmus, personal communica-
tion, 1988). Due to this, the diagnosis of
an outbreak of the disease must be based
on laboratory methods which detect the vi-
rus in blood samples obtained from vi-

raemic Equidae or in spleen samples tak-
en from dead or euthanatized animals.

The virus isolation and identification

methods most frequently used are inocula-
tion in suckling mouse-brain to observe

possible nervous clinical signs, and inocu-
lation in cell cultures, in order to the as-
sess cytopathic effect (CPE). Several pas-
sages may be necessary before sufficient

replication occurs to produce visible CPE
(Anonymous, 1991 Other biological host
systems may be used such as inoculation
in embryonated chicken eggs or even in-

oculation of suspected field samples in

susceptible horses (French and Geering,
1978).

After isolation, the virus involved must
be identified. This can be achieved using
group-specific serological assays such as
the complement fixation test (CFT), con-
sidering the isolated virus as unknown an-
tigen, or immunofluorescence, or using
type-specific assays such as the virus-

neutralization test (VNT), including mono-
specific antisera for the 9 AHSV sero-

types.
To enable a quick identification of the

viral serotype involved in an outbreak, a
blind VNT can be carried out, using the

supernatant of an initial passage in cell cul-
ture in which CPE has not yet been

observed as unknown antigen. This proce-
dure was applied in the Spanish reference
laboratory (Laboratorio de Sanidad y Pro-
ducci6n Animal, Ministerio de Agricultura,
Pesca y Alimentaci6n, Algete, Madrid) for
identification of the AHSV serotype during
the recent Spanish outbreaks, shortening
the time necessary for serotyping to 8 d
from the arrival of the samples to the labor-
atory. Recently, a very useful highly sensi-
tive group-specific indirect sandwich ELI-

SA has been developed for the rapid
detection of AHSV directly in field samples
(Hamblin et al, 1991). This assay is cur-

rently available, and permits to confirm the
appearance of the disease in < 4 h after re-

ceipt of the sample. Nevertheless, in case

a suspected outbreak of AHS takes place
outside enzootic areas, the results ob-

tained using this test should be confirmed
by means of virus isolation and identifica-
tion methods, which are also necessary to
establish the causal serotype.

Research on similar ELISA tests using
type-specific monoclonal antibodies is be-
ing carried out, which will make the imme-
diate identification of the AHSV serotype
possible, without using time-consuming
procedures.

In can be expected that in the future

quick and reliable AHSV detection meth-
ods will become available, based on re-

combinant DNA technology or on the poly-
merase chain reaction.

In case of AHS, since most horses die
before a measurable immune response
takes place, the serological assays for the
detection of specific antibodies against the
virus has limited use for an initial laborato-

ry diagnosis. A systematic search for spe-
cific antibodies against the virus could only
be significant, from a diagnostic point of
view, in non-enzootic regions, in those

species of Equidae less susceptible to the



disease, namely mules and donkeys. In
enzootic regions, the use of paired serum
samples would be necessary. Neverthe-

less, in general terms, the testing for spe-
cific antibodies against AHSV is limited to
trade purposes, and consequently is ap-
plied to evaluate the immune status of indi-
vidual animals.

Several serological tests are used for
the detection of AHSV antibodies, includ-
ing both group-specific assays such a CFT
and agar gel immuno-diffusion, or type-
specific ones such as VNT or hemaggluti-
nation inhibition (Anonymous, 1991 ).

The CFT is the assay recommended by
the Office International des Epizooties
(OIE) for international trade purposes, and
is also recognized as such in the Directive
90/426/EEC which lays down the sanitary
conditions governing intra-Community
trade and importation from third countries
of Equidae. The VNT is type specific and,
accordingly, if the AHSV virus serotype
involved is unknown, it must include the 9
known viral serotypes plus the correspond-
ing positive type-specific antisera. This as-
say is highly sensitive and specific, but
results can only be read after 4 or 5 d. A
competitive ELISA is currently available for
the rapid detection of specific antibodies
against AHSV (Hamblin et al, 1990). This
assay shows good sensitivity and specifici-
ty, and in contrast to CFT and VNT, is
suitable for screening large numbers of
sera.

Vaccination. of susceptible horses with
an attenuated AHS vaccine has been
shown to induce an early rise of CF titres.
VN and ELISA titres rises later, but have a
longer duration (Hooghuis et al, 1992).
Similar results were also found after exper-
imental infection of susceptible horses

(Williams, 1987). Accordingly, CFT would
be the most adequate assay for the sero-
logical testing of Equidae in quarantine,
since it would permit the earliest detection
of the initial stages of an infection.

CONTROL
AND ERADICATION MEASURES

The recent oubreaks of AHS in the Iberian

peninsula and in north-west Africa is a re-
minder that exotic diseases of animals rep-
resent a real threat and that efficient diag-
nostic and control strategies must be
foreseen for rapid eradication.

In those areas in which the disease is

enzootic, control measures mainly include
overnight stabling of animals at risk and

systematic immunization of the equine
population with homologous vaccine, to
limit the extent of the disease.

In non-enzootic regions, in order to ef-

fectively stop the spread of AHS, a wide
emergency buffer-zone surrounding the
outbreak area should be established, in
which the following sanitary measures

must be implemented:
- slaughter or immediate isolation in vec-

tor-proof stables of infected animals, which
represent a source of virulent AHSV. Early
recognition and diagnosis of the disease
has a major role in the general efficacy of
this measure, and regular sanitary surveil-
lance of the animals at risk is also neces-

sary;
- vaccination of all susceptible Equidae in
the infected area, and in an adequate sur-
rounding protection .zone, with permanent
identification of all vaccinated animals,
preferably by means of branding;
- integrated arthropod vector control, in-

cluding overnight stabling of Equidae in the
areas at risk, elimination of possible Culi-
coides breedings sites, use of insecticides
in strategic points of the holdings, topical
administration of insect repellents, etc. In-

secticides of the pyrethrin group have
showed adequate efficacy against AHSV
vectors (Erasmus, 1989, personal commu-
nication).

Equidae which survive the disease

probably present life-long immunity against



the serotype of AHSV involved (Erasmus,
1989, personal communication), but re-

main susceptible to heterologous AHSV
serotypes. The foals from immune mares
present a passive immunity which offers
initial protection against the disease, but
which may interfere with vaccination (Dar-
diri, 1984).

Monovalent vaccine including the ho-

mologous serotype which caused the out-
break is the vaccine of choice, but it may
be necessary to use polyvalent vaccine
until typing is completed (Erasmus, 1988).
Live attenuated AHSV vaccines are cur-

rently available (Veterinary Research Insti-
tute, Onderstepoort, South Africa), using
neurotropic strains modified by serial intra-
cerebral passages in mice, and further

passaged in cell line cultures. These poly-
or monovalent vaccines are obtained in tis-
sue culture. Vaccination with homologous
monovalent vaccine produces a practically
life-long immunity (Anonymous, 1991 Re-
cently, an inactivated monovalent vaccine
containing type 4 AHSV has been tested
with favourable results (Equipest, Rhone
Mérieux, Lyon, France).

CONCLUSION

The major sanitary and economic reper-
cussions caused by an outbreak of AHS
outside enzootic areas makes a rapid di-

agnosis and implementation of control

measures essential.

The clinical signs, pathological findings
and epizootiological data permit a pre-

sumptive diagnosis of the disease, stress-
ing the crucial role of the equine practition-
er. Nevertheless, laboratory confirmation
is needed for differential diagnosis and to
identify the viral serotype involved in the

outbreak. Currently, a sandwich ELISA is
available for the quick detection of AHS vi-
rus directly in field samples (Hamblin et al,

1991 ), although in case of an initial out-

break in previously non-infected areas vi-
rus isolation and identification methods

should be used for confirmation.

Effective control measures must be

quickly implemented during the early stag-
es of an AHS in a non-enzootic area to

permit eradication. Together with the im-
mediate ban on movements or trade of

Equidae and on the celebration of equine
events, fairs or markets, the main control
measures are vaccination of the suscepti-
ble animals, preferably with homologous
monovalent vaccine, integrated arthropod
vector control and slaughter or isolation in

vector-proof facilities of Equidae showing
clinical signs.

Only the comprehension of the basic

facts referring to the epizootiology, diagno-
sis and control of the disease which have
been discussed renders the control and

subsequent eradication of AHS possible.
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