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Horse sickness and
ENSO in South Africa

African horse sickness (AHS) is the most
lethal infectious horse disease, with mortal-
ity rates in susceptible animals of up to 95%
(ref. 1). Since its discovery at Cape Colony
in the early eighteenth century, major epi-
zootics of this viral disease have occurred in
South Africa once every 10 to 15 years on
average; in the largest epizootic, more than
40% of the entire horse population died.
However, the cause of these major epi-
zootics has remained unknown until now.
We have found a very strong association
between the timing of these epizootics and
the warm (El Niño) phase of the El
Niño/Southern Oscillation (ENSO), and
suggest that the association is mediated by
the combination of rainfall and drought
brought to South Africa by ENSO.

AHS is endemic to sub-Saharan Africa
but epizootics are particularly frequent and
severe in South Africa, which has a large
population of susceptible horses, many
zebra (the vertebrate reservoir of the AHS
virus) and a widespread distribution of its
principal insect vector, the biting midge
Culicoides imicola. This vector and closely
related species are widespread in the Old
World. AHS outbreaks have occurred in
Europe and Asia, with up to 300,000 equids
dying in a single epizootic. Both North
America and Australia, which have compe-
tent vectors, are also at risk.

ENSO, a periodic ocean–atmosphere
fluctuation in the Pacific Ocean, is a major
cause of climatic variability over much of
the world, including southern Africa2.
ENSO events have been correlated with epi-
demics of several mosquito-borne dis-
eases3–6 in parts of the world where ENSO
teleconnections are strongest (the Pacific,
South America and south Asia), although
the associations themselves are not very
strong and most data sets have been rela-
tively short. In South Africa, the high value
of horses and their extreme mortality rate
from AHS means that good records were
kept of AHS epizootics, allowing us to
investigate historical patterns of the disease.

Since 1803, from which time there have
been sufficient data to reconstruct El Niño
events of at least moderate strength7, there
have been 14 large epizootics of AHS in
South Africa (1819, 1837 or 1839, 1854–55,
1862–63, 1877–78, 1887–88, 1891–92,
1913–14, 1918, 1923, 1925, 1940, 1953 and
1996). A list of 55 warm-phase ENSO
events8,9 between 1803 and 1997 includes
the following (part years omitted): 1819,
1837–39, 1854–55, 1862, 1877–78, 1888,
1891, 1914, 1918–19, 1923, 1925–26, 1940
and 1953. Of the 14 AHS epizootics, only

the most recent (1996) did not coincide
with a warm-phase ENSO. We calculate the
probability of an epizootic coinciding with
an ENSO by chance to be 0.554 if ENSO
events last two years. On this basis, we con-
servatively estimate the probability of our
finding (13 of 14 epizootics coincided with
ENSO) is at most 0.0032.

Warm-phase ENSOs bring both rainfall
and drought to southern Africa10. Popula-
tions of the AHS virus vector, C. imicola,
breed in damp soil and can increase 200-
fold in years of heavy rain, raising the possi-
bility that ENSO-brought rain may cause
the association with major AHS epizootics.
However, heavy rainfall occurs for other
reasons in many non-ENSO years but epi-
zootics do not result.

We investigated climatic patterns for the
western region of South Africa, where most
of the major AHS epizootics have occurred.
We obtained monthly rainfall data (since
records began in 1842) from the South
Africa Weather Bureau and calculated the
average rainfall in each three-month period
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FFiigguurree  11 Average rainfall anomalies in western
South Africa. a, Years of ENSO; b,, years of ENSO
without AHS epizootics; c, years of ENSO with AHS
epizootics. The number of years averaged are 43,
32 and 11, respectively. Zero represents the average
rainfall experienced in 113 non-ENSO years. Bars
show percentage deviation (&s.e.) from this aver-
age for three-monthly intervals (JAS, July to Septem-
ber; OND, October to December; JFM, January to
March; AMJ, April to June) over a two-year period.
Data are means of rainfall anomalies at Cape Town
Royal Observatory and Worcester.

of the year. From these values, we estimated
the rainfall anomaly (the percentage devia-
tion from the mean rainfall in non-ENSO
years) over the potential two-year time
course of a warm-phase ENSO, from six
months before the ENSO year to six
months after it.

Warm-phase ENSOs typically have
heavy rain followed by drought (Fig. 1a).
Similar patterns are apparent in those
warm-phase ENSO years when there was no
epizootic of AHS (Fig. 1b). However, the
average rainfall patterns are different in the
warm-phase ENSO years when there were
also epizootics of AHS (Fig. 1c). There is
pronounced drought in the early part of the
ENSO year, followed by heavier rain than
usual between April and June. Heavy rain-
fall and drought are not limited to warm-
phase ENSO events but the combination is
favoured by them. Only 4 per cent of non-
ENSO years combined drought from Janu-
ary to March and heavy rain from April to
June, compared with nearly 20% of ENSO
years (x2, P*0.01).

But how does a spell of drought followed
by heavy rainfall affect AHS epizootics?
Breeding sites of the insect vector may be
altered or, during drought, the virus reser-
voir (zebra) may congregate near the few
remaining sources of water where they are in
contact with, and infect, more vectors. High
temperature during droughts increases vec-
tor population growth rates and favours
virus transmission. Although the reasons are
not known, the significance of drought to
AHS in South Africa has been long appreci-
ated. In 1863, before the causative agent of
the disease and its vector were known, or
effects of ENSO on southern Africa were
suspected, it was observed that “there are
seasons (usually wet ones) succeeding
drought, in which great mortality occurs
among horses at the fall of the year”11.
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