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W est Nile virus
(WNV) infections in
the United States

have demonstrated major
outbreaks during the 2002 and
2003 arbovirus season. The
WNV can truly be viewed as
an emerging infectious disease
agent that has rapidly spread
throughout the mosquito,
bird, animal and human
populations in the United
States. Information on the
virus, clinical presentation,
epidemiology, laboratory
testing, control and
prevention is the focus of this
article. 

Virology 
WNV is an arthropod-borne

virus first isolated in 1937 from
the West Nile region of north-
ern Uganda.1 The virus be-
longs to the Japanese en-
cephalitis serocomplex of the
family Flaviviridae, within the
genus Flavivirus. The Flavivirus
genus contains approximately
70 different viruses, including
human pathogens such as yel-
low fever virus, dengue,
Japanese encephalitis (JE)
virus, St. Louis encephalitis

(SLE) virus and Murray Valley
encephalitis virus. The mem-
bers of the JE serogroup are
closely related both antigeni-
cally and genetically.   

WNV is a small, single-
stranded, positive-sense RNA
virus with a genome size of ap-
proximately 11,000 nu-
cleotides.2 The viral genome
has a short 5´ noncoding re-
gion, followed by a single open
reading frame coding for three
structural and seven nonstruc-
tural proteins.2 The viral
genome is wrapped in a nucle-
ocapsid and surrounded by a
host-derived lipid membrane.
A key structural protein is the
viral envelope glycoprotein,
which plays an important role
in processes such as host cell
binding, tissue tropism and
host range.2 The envelope gly-
coprotein is also the most im-
munologically important
structural protein.Viral-neu-
tralizing antibodies are most
often directed at the envelope
glycoprotein.3

Phylogenetic analysis of
various WNV isolates has
shown that they can be divided
into two distinct lineages. Lin-
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eage one strains have been de-
scribed from various locations
around the world (e.g., Africa, Eu-
rope, United States) and are associ-
ated with human disease. Lineage
two strains have not been linked to
human disease and have been
found mainly in Africa. The WNV
isolate described from New York in
1999 is from lineage one and is most
closely related to a strain first de-
scribed from Israel. Studies of se-
quence variations from isolates col-
lected in the United States since 1999
have shown very few genetic
changes within the population of
viruses circulating in this country.4

The natural transmission cycle of
WNV includes mosquitoes (mainly
Culex species) and birds (i.e., crows
and blue jays). Humans and other
animals (e.g., horses) serve as inci-
dental hosts. Several bird species
(e.g., crows, jays, blackbirds, spar-
rows and finches) are considered
amplifying hosts and important
reservoirs for WNV since they de-
velop high levels of transient
viremia. Humans and animals nor-
mally do not transmit the virus to
biting mosquitoes because of low
viremia levels and, consequently,
are considered dead-end hosts for
the virus.  

Surveillance programs used in
the United States to monitor the
presence and spread of WNV have
shown a broadening of vector and
reservoir populations since the virus
was first introduced in this country.
WNV has been isolated from more
than 29 different species and 10 gen-
era of mosquitoes and in more than
140 different avian species.5 In addi-
tion, an increasing number of ani-
mal species has shown evidence of
infection with WNV. 

In areas where WNV is endemic,
human infections are common but
typically mild or subclinical. Severe
disease is usually found in the elder-
ly or immunocompromised popula-
tion.  WNV infections are associated
with significant mortality in horses
and certain domestic and wild birds.
Members of the Corvidae family
(e.g., crows, bluejays) are particular-
ly susceptible to WNV infections

and demonstrate high levels of mor-
tality. For this reason, surveillance
for dead birds of these species can be
important for monitoring WNV ac-
tivity in a particular area.

Historically, WNV has been
found primarily in Africa, Asia,
southern Europe and Australia.  In
endemic areas, there is very little ev-
idence of WNV-associated disease
because of high-level background
immunity. In such areas, as many as
50 percent of children and 90 percent
of adults show potential immunity
to WNV.2,6 WNV has been associat-
ed with several epidemics, such as
those in Israel, South Africa, France,
Romania and, most recently, with
outbreaks in the United States.1

Three trends related to these out-
breaks have been noted: 

1. an increase in the frequency of
outbreaks in horses and humans; 

2. high avian death rates accom-
panying human epidemics; and 

3. an apparent increase in the
severity of human disease.1 

Emergence of WNV in the
United States 

WNV was first observed in the
New York metropolitan area during
the summer of 1999.  During 1999
and 2000, there were more than 70
cases of confirmed WNV-associated
disease and nine fatalities in the
New York area.7 Since that time an
extensive surveillance network has
been implemented involving the
evaluation of avian mortality,
equine disease, mosquito pools and
human specimens for the presence
of  WNV.8

In 2001, 66 cases of human West
Nile disease were reported, includ-
ing nine fatal cases.  During the sum-

mer of 2002 there was a dramatic in-
crease in WNV activity in the United
States with evidence of WNV re-
ported in approximately 40 states.
More than 4,000 laboratory-con-
firmed cases were reported to the
CDC, with 284 deaths attributable to
WNV (Table 1).9

Most human infections with
WNV occur in the summer or early
fall. In the United States, peak times
have been between mid-August to
mid-September. With the expansion
of the geographic range of WNV,
however, cases have been detected
as early as May and as late as De-
cember.  The highest incidence of
West Nile cases in this country has
been in urban environments. Risk
factors for these recent outbreaks
have included length of time spent
outdoors, lack of regular use of
mosquito repellant and observation
of dead birds in one’s neighbor-
hood.10

Clinical Aspects of 
West Nile-associated
Disease

In humans, most WNV infections
are subclinical. Febrile disease is the
most common clinical presentation
in young adults.11 The incubation
period ranges from two to 14 days.
West Nile fever (WNF) often pre-
sents with sudden onset of acute flu-
like symptoms. Because of the non-
specificity of the presentation, WNV
infections may be highly under-rec-
ognized. Other symptoms may in-
clude fatigue, headache, weakness,
nausea, vomiting and altered men-
tal status.12 

Neurological involvement,
which occurs in a small percentage
of infected individuals, may pro-

Table 1
HISTORY OF WEST NILE VIRUS CASES IN 
THE UNITED STATES

Year No. Cases/Deaths No. States Dates of Onset

1999 62/9 1 8/2 – 9/24

2000 21/0 3 7/10 – 9/27

2001 66/9 10 7/13 – 12/7

2002 4156/284 39 5/19 – 12/14
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duce both encephalitis and meningi-
tis––known as West Nile menin-
goencephalitis (WNME). In such
cases, approximately two-thirds are
considered consistent with en-
cephalitis and one-third with
meningitis. Symptoms indicating
potential central nervous system in-
volvement usually develop after a
febrile prodrome (approximately
one to seven days) and may include
confusion, nuchal rigidity and loss
of consciousness.11 

Approximately one in five indi-
viduals infected with the virus
demonstrates symptoms of WNF,
and one in 150 shows central ner-
vous system involvement.1,11,12 Mor-
tality rates between 4 percent and 14
percent have been reported in indi-
viduals who demonstrate neurolog-
ical disease.1,11,12 Risk factors for

mortality include profound weak-
ness, deep coma and other underly-
ing health conditions such as hyper-
tension and diabetes. Recently, a
new syndrome involving acute flac-
cid paralysis (also known as West
Nile polio) was described and
linked to WNV infections.13

Treatment
To date, there are no specific treat-

ments for WNV-infected individu-
als. Patients with suspected WNME
are hospitalized for observation,
supportive care and to rule out other
treatable central nervous system
diseases (i.e., HSV, bacterial menin-
goencephalitis). Currently being
evaluated for treatment potential
are several antiviral agents that have
shown some success in cell lines and
animal models. These include
agents such as the purine analog,
ribavirin and interferon-alpha.14 So
far, these agents have not yet been
demonstrated to be effective in hu-
mans via rigorous clinical trials. A
vaccine has been developed for use
in horses, and research is under way
regarding the development of a hu-
man vaccine.15

Survivors of WNV disease may
also need continued medical sup-
port and evaluation.  Prospective
studies have shown that as many as
50 percent of such individuals have

a functional deficit (e.g., muscle
weakness, cognitive dysfunction) at
discharge and approximately one-
third continue to show such deficits
one year later.12,16

Person-to-person
Transmission of WNV

During the year 2002, several ex-
amples of person-to-person trans-
mission of WNV were documented.
These are listed in Table 2 and in-
clude blood transfusion, organ do-
nation, intrauterine transmission
and laboratory exposure.17,18 

Also, a suspected case of mother-
to-child transmission via breast milk
has been investigated.  The risk of
transmission via blood transfusion
has been estimated at 1.46-12.33 per
10,000 donations. Because of the
high level of risk associated with
blood transfusions, recommenda-
tions have been made to screen the
U.S. blood supply using molecular
technologies.19

Diagnostic Laboratory
Testing

WNV testing in the clinical labo-
ratory was not a part of infectious
disease test considerations up to the
year 1999. Other members of the Ar-
bovirus group, such as SLE virus or
LaCrosse encephalitis virus, were
more prevalent and were part of
testing algorithms indicated during
Arbovirus season. In 1999, however,
New York City experienced numer-
ous cases of WNV disease, includ-
ing encephalitis and death. In the
following four years we have seen a
dramatic increase in WNV cases,
culminating in more than 4,000 last
year. WNV infection is seasonal and
from the trend observed in 1999-
2002, the number of reported cases
may continue to increase exponen-
tially.20-22

Laboratory testing for any infec-
tious agent can be categorized as in-
direct or direct. The most common
indirect test is a measure of the anti-
body response: IgM or IgG. Alterna-
tively, culture, animal inoculation,
antigen detection and molecular
methods provide direct support for

Table 2
WNV PERSON-TO-PERSON
TRANSMISSION

Type of Transmission

Blood Transfusion

Organ Transplants

Mother-to-infant Transmission

-Breast Milk (?)

-Transplacental Transmission

Laboratory-acquired Infection

Table 3
LABORATORY TESTING FOR HUMAN WNV

Laboratory Testing Description Specimen(s)

Serology IgM and IgG Antibody Blood (Serum)

-ELISA, IFA, Multiplex Bead Assay CSF

Molecular Diagnosis Nucleic Acid Amplification Brain tissue

-RT-PCR, Real-time RT-PCR, CSF

-TaqMan, NASBA

Virology Virus isolation and detection CSF

-Culture (Monoclonal antibody IFA) Brain tissue

-Animal inoculation (Neonatal mice) Blood (heart)

- Plaque Reduction Neutralization 

Test (PRNT)

-Immunohistochemistry (IHC)
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infection.  Most of these methods are
available in reference laboratories,
large research-based medical center
laboratories, state public health lab-
oratories and the CDC.

Current testing for WNV is sum-
marized in Table 3. Laboratory test-
ing is an important part of any clini-
cal differential diagnosis. Testing
serves as support for the clinical his-
tory and other patient procedures.
Tests should always be carefully se-
lected and based on the pathology of
the infectious agent. For instance, in
most infections it appears that WNV
is present in very low numbers in
the blood (viremia) before serocon-
version (i.e., appearance of IgM);
therefore, molecular detection or
virus isolation may be most useful
only in IgM-negative cases.  

Consequently, serological testing
of acute and convalescent speci-
mens often provides the most useful
support for infection. Likewise, if
the patient has neurological involve-
ment (e.g., meningoencephalitis)
along with or rather than a WNV
fever syndrome, molecular diagno-
sis (e.g., real-time reverse-transcrip-
tion polymerase chain reaction [RT-
PCR]) testing of cerebrospinal fluid
(CSF) may provide strong support
for infection. 

No matter what laboratory test is
performed, correct interpretation of
the results in the context of the entire
clinical picture is most important.
This may also include additional
testing based on clinical consulta-
tion with the laboratory for support
of WNV infection.

Serology (i.e., IgM and IgG) test-
ing is the most common, noninva-
sive method available for support of
WNV infection. Several test formats
are in use, such as immunofluores-
cent antibody (IFA) (Table 3) or en-
zyme-linked immunosorbent assay
(ELISA) (Table 4). Test performance
(i.e., sensitivity, specificity, predic-
tive values, accuracy and precision)
varies among the assays.23

Generally, ELISA testing is more
sensitive and specific than IFA.24

Some of the reasons for higher val-
ues for ELISA are based on both the

technology and the use of antibody
capture formats (e.g., MAC-
ELISA).25 Due to the extensive cross-
reactivity and persistence of WNV
IgM among the Flaviviruses, how-
ever, one should be cautious in the
interpretation of serological tests.26

Different approaches have been
used to eliminate or identify non-
specificity. In one study using an
IgM ELISA on samples also found
reactive by the CDC and state public
health laboratories, a background
subtraction technique was used to
eliminate nonspecific reactions.27

Even with this approach, nonWNV
Flaviviruses (i.e., 7.8 percent dengue
and 2.0 percent SLE) and other non-
WNV reactivity (15.7 percent) were
present. In the true WNV reactive
samples (74.5 percent), however, the
index value for the test ranged from
moderate to high and had a high
positive predictive value. An ap-
proach used by the CDC has been to
use a MAC-ELISA with three anti-
gens (i.e., WNV, SLE and JE).28 Speci-
ficity in this assay format was 92
percent, and the test showed less re-
activity to dengue.28

Standard tissue culture or animal
inoculation can accomplish virology
testing for isolation of WNV (Table
3). A BSL-3 facility should be used
for this type of testing. Standard tis-
sue culture is performed using
mammalian or mosquito cell lines.
Specific detection and confirmation
of the virus can be done using either
monoclonal antibodies, molecular
methods or virus neutralization.
Culture is usually performed on
postmortem specimens such as
brain tissue, CSF or heart blood.  It

should also be noted that the WNV
is easily inactivated at ambient tem-
perature in both serum and CSF.29

The complete genome sequence
of multiple WNV strains has been
determined.30 This information on
the molecular blueprint of the vari-
ous virus strains aids the develop-
ment of highly specific molecular-
based diagnostic tests. Both classical
PCR and real-time-based tests (Taq-
Man, NASBA and LightCycler)
have been successfully applied to
human samples (Table 3).31

In a study by the CDC, both the
TaqMan assay and RT-PCR were ap-
plied to brain tissue, CSF and
serum.32 The authors found RT-PCR
to be much less sensitive than the re-
al-time TaqMan assay.32 The speci-
men with the highest positive per-
centage was brain tissue (100
percent), followed by CSF (57.1 per-
cent) and serum (14.3 percent).
Ranges of WNV detection (using
molecular assays) for various speci-
men types are shown in Table 5.
Conclusion

WNV is an excellent example of
an emerging infectious disease
agent. It is now an established Ar-
bovirus appearing seasonally in ev-
er-increasing numbers of cases. To

Table 5
WNV REAL-TIME MOLECULAR PCR TESTING

Specimen Positive (%) Comments

Blood 0 – 14 Short-lived viremia mostly in IgM neg WNV cleared 

with IgM seroconversion (IgM-positive)

CSF 30 – 57 Higher detection may be seen in cases of greater 

morbidity and in cases of mortality

Brain Tissue 80 – 100 Highest specimen test sensitivity

Table 4
PERFORMANCE FOR THE
SEROLOGICAL DETECTION OF WNV
IGM USING ELISA AND IFA

Test Sensitivity Specificity

ELISA (IgM) 89 – 95 88 – 100

IFA (IgM) 72 – 96 83 – 100

▲
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date, it has been found in animals,
birds and humans in approximately
40 states. Control is multifactorial
and relies on effective education of
the population at large; efficient vec-
tor elimination; rapid, high-perfor-
mance laboratory testing; and re-
search for agents that can provide
treatment for the diseased. ■

Dr. Bankowski is the director of Infec-
tious Disease Testing at ViroMed Labo-
ratories, a wholly owned subsidiary of
LabCorp, and Dr. Anderson is chief sci-
entific officer of ViroMed Laboratories.
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SELF-ASSESSMENT 
QUESTIONS

1. West Nile virus was first
isolated from

A. the United States.
B. Israel.
C. Australia.
D. Uganda.

2. Which virus is closely relat-
ed to WNV?

A. Human immunodefi-
ciency virus

B. Human papillomavirus
C. St. Louis encephalitis

virus
D. Adenovirus

3. Which of the following
groups are part of the natural
transmission cycle of WNV?

A. mosquitoes and horses
B. horses and birds
C. mosquitoes and birds
D. horses and humans

4. Most WNV infections
A. are acute.
B. are mild or subclinical.
C. result in meningoen-

cephalitis.
D. cause West Nile polio.

5. The first cases of WNV in-
fection in the United States

were reported in
A. 1937.
B. 1975.
C. 1999.
D. 2002.

6. Which is not considered a
risk factor for WNV infection?

A. Time spent outdoors
B. Recent travel to Africa
C. Lack of regular use of

mosquito repellant
D. Observation of dead

birds in one’s neighborhood

7. Approximately what frac-
tion of individuals exposed to
WNV develop some sympto-
mology?

A. 1 in 2
B. 1 in 5
C. 1 in 50
D. 1 in 150

8. Evidence of neurological in-
volvement may include

A. diagnosis of menin-
goencephalitis.

B. confusion or altered
mental state.

C. loss of consciousness.
D. all of the above.

9. The most commonly used
laboratory method to support
a diagnosis of WNV is

A. cell culture.
B. the polymerase chain

reaction.
C. detection of viral anti-

gen.
D. detection of IgM serolo-

gy response.

10. Polymerase chain reac-
tion testing for WNV has the
highest sensitivity in

A. blood.
B. CSF.
C. serum.
D. brain tissue.

EVALUATION

1. The article met the stated
objectives.

A.Strongly agree  
B.Agree   
C.Uncertain  
D.Disagree  
E.Strongly disagree

2. The overall quality of the ar-
ticle was good.

A.Strongly agree  
B.Agree  
C.Uncertain  
D.Disagree  
E.Strongly disagree

3. The topic was relevant to
my practice/responsibilities.

A.Strongly agree  
B.Agree 
C.Uncertain  
D.Disagree  
E.Strongly disagree

4. The information presented
was appropriate for my
needs.

A.Strongly agree  
B.Agree  
C.Uncertain  
D.Disagree  
E.Strongly disagree

5. The content of the article
was well organized.

A.Strongly agree  
B.Agree  
C.Uncertain  
D.Disagree  
E.Strongly disagree

6. The information was pre-
sented in an understandable
fashion.

A.Strongly agree  
B.Agree  
C.Uncertain  
D.Disagree  
E.Strongly disagree

7. The article was an appropri-
ate teaching method for this
material.

A.Strongly agree  
B.Agree  
C.Uncertain  
D.Disagree  
E.Strongly disagree

8. The information was pre-
sented in 
an unbiased manner.

A.Strongly agree  
B.Agree  
C.Uncertain  
D.Disagree  
E.Strongly disagree

9. The level of instruction in
the article was appropriate.

A.Strongly agree  
B.Agree  
C.Uncertain  
D.Disagree  
E.Strongly disagree

10. I would recommend this
article to my colleagues.

A.Strongly agree  
B.Agree  
C.Uncertain  
D.Disagree  
E.Strongly disagree
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