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The resurgence in cases of neurologic disease caused by West Nile virus (WNV) in the United States in
2012 came as a surprise to the general public and to many non-arbovirus researchers. Following the
introduction of WNV into the US in 1999, the number of human infections rose dramatically, peaking
in 2002-03. However, cases declined from 2008-11, and it was unclear if the virus would continue to
have a low-level endemic transmission pattern with occasional outbreaks, like the related flavivirus, Saint
Louis encephalitis virus, or a more active pattern with annual outbreaks, including occasional years with

ng::ol\rfijli virus large epidemics, like Japanese encephalitis virus. The large epidemic in 2012 suggests that the United
Arbovirus States can expect periodic outbreaks of West Nile fever and neurologic disease in the coming years. In

this paper, we consider the causes of the upsurge in WNV infections during the past year and their impli-
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Following the introduction of West Nile virus (WNV) into the
United States in 1999, the number of human cases of WN fever
and neurologic disease rose dramatically, peaking in 2002-3. How-
ever, cases declined from 2008-11, and it was unclear if the virus
would continue to have a low-level endemic transmission pattern
with occasional outbreaks, like the related flavivirus, Saint Louis
encephalitis virus (SLEV), or a more active pattern with annual out-
breaks, including occasional years with large epidemics, like Japa-
nese encephalitis virus (JEV). The resurgence in cases of WNV
neurologic disease in 2012 therefore came as a surprise to the
American public and to many non-arbovirus researchers. The size
of the 2012 outbreak suggests that the US can expect periodic epi-
demics of WN fever and neurologic disease in the coming years. In
this paper, we consider the causes of the upsurge in WNV infec-
tions during the past year and their implications for future re-
search and disease control measures.

1. Background: West Nile virus

WNV is a mosquito-borne RNA virus in the genus Flavivirus,
family Flaviviridae, that is maintained in nature in a basic transmis-
sion cycle involving wild birds and Culex spp. mosquitoes. For many
years following its first isolation in Uganda in 1937, WNV was con-
sidered a relatively unimportant member of the flavivirus family. It
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was known to exist in Africa, southern Europe, the Middle East and
Central Asia, where it caused sporadic cases of febrile disease and
occasional outbreaks of encephalitis in elderly people and in
equines. In 1999, WNV was detected in New York City and sur-
rounding areas, where it caused a large die-off in crows, exotic
zoo birds and other bird populations and an outbreak of encepha-
litis in elderly humans. During the next few years, the virus spread
rapidly north, west and south across North America, with the larg-
est epidemics occurring in 2002 and 2003 (Figs. 1 and 2).

WNV has a wide global distribution, and molecular phyloge-
netic studies have identified multiple lineages or genotypes
(Fig. 3). Strains associated with outbreaks of neurological disease
in the US clustered together as a subgroup of genotype/lineage 1,
suggesting that this subgroup had evolved a more virulent pheno-
type (Lanciotti et al., 1999). However, later studies in mice demon-
strated that strains from lineage 2, the other major genotype, were
also capable of causing neuroinvasive disease (Beasley et al., 2002).
In the past few years, epidemics in Europe and individual cases of
disease in humans and horses in South Africa have been associated
with strains from both lineages (Papa et al.,, 2010; Venter and
Swanepoel, 2010), verifying the earlier experimental observations
in mice.

WNV is found in all regions of the continental US as well as in
southern Canada, Mexico, the Caribbean, and parts of Central and
South America. Molecular phylogenetic studies suggest that all iso-
lates are derived from the virus originally introduced into New
York City (e.g. May et al., 2011; Osorio et al., 2012; Pesko and Ebel,
2012). The exact manner in which WNV was first introduced is
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Fig. 1. Numbers of West Nile fever and neuroinvasive disease cases, deaths and presumptive viremic blood donors (PVBD) reported to the US. Centers for Disease Control and
Prevention during each year since the introduction of WNV into the US in 1999. (Data from <http://www.cdc.gov/westnile>.)
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Fig. 2. The varying incidence of West Nile neuroinvasive disease cases by county reported to CDC in selected years, since the peak outbreak years of 2002-03. Note the
emergence of individual foci of intense transmission in individual years, such as in Louisiana in 2002, Idaho in 2006 and Arizona in 2010.

unknown, but the most likely scenarios are through the migration
or smuggling of an infected bird, or by an infected mosquito “hitch-
ing aride” in an airplane or container cargo coming from the Med-
iterranean region or North Africa. Regardless, WNV is now firmly
established (endemic) in the US. Virus activity is seen mainly dur-
ing summer, but it may vary, depending on latitude and seasonal

temperatures. The largest annual numbers of human neuroinvasive
disease cases and deaths were reported in 2002, with 2946 neuro-
invasive cases and 284 deaths, with similar numbers in 2003
(Fig. 1). From 2004-7, cases of neuroinvasive disease and deaths
declined to about half of the 2002-3 peak years, then declined fur-
ther during 2008-11, reaching a nadir of 373 neuroinvasive cases
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