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The means by which WNV entered the Americas 
remains a mystery; (via imported or migratory birds is 
plausible[1]). Anomalous weather conditions may have aided 
its amplification. The first U.S. outbreak of a Flavivirus with 
a similar life cycle -- St. Louis encephalitis (SLE) -- occurred 
in St. Louis, Missouri in 1933 during the “dust bowl era”, 
following several consecutive years of drought. Subsequent 
outbreaks have been associated anecdotally with drought.[2] 
While there are some differences in the life cycles of SLE 
and WNV, both -- in urban environments -- involve Culex 
pipiens (and probably C. quinquefasciatus, salinarius and res-
tuans) mosquitoes, birds and mammals.[3] In rural settings, 
SLE vectors include C. tarsalis and C. nigripalpus, whose 
ecology differs from the urban dwelling C. pipiens. 

C. pipiens thrives in city storm drains and catch basins, 
especially in the organically rich water that forms during 
drought.[2,3] Warm temperatures accompanying droughts 
would also shorten the mosquito extrinsic incubation 
period of virus, though extreme heat reduces longevity. 

We analyzed data on weather (National Climatic Data 
Center, National Oceanographic and Atmospheric Admin-
istration, U.S. Dept of Commerce, www.ncdc.noaa.gov) 

during 24 U.S. SLE outbreaks. SLE is an appropriate surro-
gate for study because of its similarity to WNV, and because 
of the significant number of SLE outbreaks in the U.S. along 
with accurate weather data. We excluded rural outbreaks 
and those in Florida and California, as they usually involved 
C. negripaplus and C. tarsalis, respectively. We then reviewed 
precipitation data from the literature for the four major 
urban WNV outbreaks of the past decade. For the U.S., we 
used the Palmer Severity Drought Index (PSDI); a meas-
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ure of dryness that is a function of precipitation and soil 
moisture compared with 30 years of data in the same loca-
tion. The PSDI ranges from –4 (dry) to +4 (wet).

Findings: The first explosive outbreak of SLE occurred 
in 1933 (1,315 cases, case rate 36/100 000, with C. pipiens 
and C. quinquefasciatus involved). Subsequent urban out-
breaks between 1933 and 1974 were regionally clustered 
in Kentucky, Colorado, Texas, Indiana, Tennessee and Illi-
nois. Ten of the twelve urban outbreaks during these first 
four decades were associated with two or more months 
of consecutive drought (see graph). (One of the two 
“unassociated” events followed a one-month drought.) 

Note: Outbreaks of SLE, during the 1974-76 period 
and after, show a variable pattern in relation to weather 
(occurring with drought or, alternatively, after anomalous 
rains). Once established in a region, summer rains may 
boost populations of Aedes japonicus and other Aedes 
spp. that can function as “bridge vectors,” efficiently car-
rying virus from birds to humans. The roles of “main-
tenance” (primarily bird-biting mosquitoes) and bridge 
vectors in WNV transmission are under study.  

Recent episodes of WNV
A significant European outbreak of WNV occurred in 
1996 in Romania, in the Danube Valley and in Bucharest. 
This episode, with hundreds experiencing neurological 
disease and 17 fatalities, occurred between July and 
October and coincided with a prolonged drought (May 
through October) and excessive heat (May through 
July).[4] Human cases in Bucharest were concentrated 
in blockhouses situated over an aging sewage system 
where C. pipiens were breeding in abundance.

The 1999 WNV outbreak in New York City followed 
an extended severe spring and summer drought along the 
U.S. Atlantic Coast. In July, a three-week heat wave envel-
oped NYC, with temperatures 4.6ºC (~9ºF) above the 
30-year average. Avian deaths from WNV began in July, 
and human cases appeared in August. Fifty-nine people 
developed meningoencephalitis, 7 died[5] and many of the 
42 survivors followed-up suffered sequelae (M. Layton, 
NYC Health Dept., 10/01). (The Atlantic Coast drought 
ended with torrential rains in NYC on August 26 and Hur-
ricane Floyd centered in North Carolina in September.) 

A third large outbreak of WNV occurred in Russia 
in the summer of 1999, following a drought. Hospitals 
in the Volgograd Region admitted 826 patients; 84 with 
meningoencephalitis, of which 40 died.[6]

WNV was first reported in Israel in 1951, and spo-
radic outbreaks followed.[7] Israel, a major stopover for 
migrating birds, usually receives little precipitation from 

May to October. In 2000, the region was especially dry, 
as drought conditions prevailed across southern Europe 
and the Middle East, from Spain to Afghanistan. Between 
August 1 and October 31, 2000, 417 cases of serologically 
confirmed WNV were diagnosed in Israel with 35 deaths 
(www.icdc-wnf.co.il). C. pipiens was identified as a vector.

Conclusions and discussion
Multi-month drought, especially in spring and early 
summer, was found to be associated with urban SLE 
outbreaks from its initial appearance in 1933 through 
1973 and with recent severe urban outbreaks of WNV 
in Europe and the U.S. Other factors, such as inadequate 
sanitation, sluggish urban waterways and abandoned tires, 
may increase vulnerability to urban arbovirus outbreaks. 
Each new outbreak requires introduction or reintro-
duction of the virus -- primarily via birds or wildlife 
– so there have been seasons without SLE outbreaks 
despite multi-month drought. Spread of WNV and spo-
radic cases may occur, even in the absence of conditions 
amplifying the enzootic cycling. In Bayesian parlance, 
drought increases the “prior probability” of a significant 
outbreak Once the virus becomes established in a region, 
other factors, such as rains that increase populations of 
bridge vectors, may affect transmission dynamics. 

Further investigation and modeling are needed to deter-
mine the role of meteorological factors, and identify reser-
voirs, overwintering patterns, and the susceptibility of differ-
ent species associated with WNV. The migration path of many 
eastern U.S. birds extends from Canada across the Gulf of 
Mexico to South America (see (http://www.npwrc.usgs.gov/
resource/othrdata/migratio/prince.htm). As birds may trans-
fer the virus to new regions, as they become more tol-
erant carriers, projections of drought for specific regions 
and urban centers in the U.S. and other nations along the 
avian flyways could be used to alert communities to the 
increased risk for significant outbreaks. 

Public health implications
These preliminary findings may have important implications 
for projecting significant outbreaks in virus-naïve regions in 
the U.S., Canada, the Caribbean, Central and South America 
and in Europe. Community-based public health measures 
can include: active (live bird) and passive (dead bird) avian 
surveillance for WNV, widespread efforts to limit breeding 
sources, public education and larviciding. Such measures 
could minimize or obviate the use of adulticides in some 
communities. L-17rm measures include maintaining the 
flow of rivers and streams through urban areas to support 
fish populations that consume mosquito larvae. 
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