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West NileVirus:

Epidemiology, Clinical Presentation, Diagnosis, and Prevention

Privya SAMPATHKUMAR, MD

West Nile virus was recognized in the United States for
the first time in 1999, when it caused an epidemic of
encephalitis and meningitisin New York City, NY. Since
then, the disease has been steadily moving westward, and
human cases wer e recognized in 39 states and the District
of Columbia in 2002. The infection is caused by a
flavivirus that is transmitted from birds to humans
through the bite of culicine mosquitoes. Most infections
aremild, with symptoms primarily being fever, headache,
and myalgias. People older than 50 years are at highest
risk of severedisease, which may include encephalomyeli-
tis. In 2002, 5 new modes of transmission were recog-
nized: blood product transfusion, organ transplantation,
breast-feeding, transplacental transmission, and occupa-

he West Nile virus (WNV) was first isolated in 1937
from the blood of an infected woman in the West Nile
province of what is now known as Ugartdeurther inves-

tional exposure in laboratory workers. The transmission
season was long, with cases occurring into December in
some parts of the United States. Currently, there is no
specific drug treatment or vaccine against the infection,
and avoiding mosquito bites is the best way to protect
against the disease.

Mayo Clin Proc. 2003;78:1137-1144

CDC = Centers for Disease Control and Prevention; CNS =
central nervous system; CSF = cerebrospinal fluid; ELISA =
enzyme-linked immunosor bent assay; JE = Japanese encepha-
litis; MRI = magnetic resonance imaging; PCR = polymerase
chainreaction; SLE = St L ouisencephalitis; WNV = West Nile
virus, WNVME = WNV meningoencephalitis

and viral testing were performed to identify such a virus.
The first 8 patients tested positive for antibodies against
St Louis encephalitis (SLE), a mosquito-borne illness,

tigations in Egypt identified the virus in birds and animals and mosquito-control measures were instituted. Concur-
in addition to humans. The virus was recognized as causingently, an unusual number of deaths were noted in birds,
severe meningoencephalitis during a 1957 outbreak inprimarily crows, and in some exotic captive bird species
nursing home residents in Israel. Subsequent outbreaks oin the Bronx Zoo in New York City. Since SLE does not
WNYV infection reported from Israel and Africa were mild cause deaths in birds, the human and bird illnesses were
and consisted of a flulike illness. In the mid 1990s more thought to be unrelated. Autopsies performed on captive
frequent and more severe outbreaks were reported frombirds that died in the Bronx Zoo revealed varying degrees
Romanig Russia* and Israef,and meningoencephalitis of meningoencephalitis and severe myocarditis. Tissue
in humans was again a prominent feature. The WNYV first specimens were negative for common avian pathogens
appeared in the United States in August 1999 and sinceand the equine encephalitis viruses. However, the Na-
then has spread nationwide. tional Veterinary Services Laboratories in Ames, lowa,

isolated a virus from the birds’ tissues and forwarded this
EPIDEMIOLOGY to the Centers for Disease Control and Prevention (CDC).
In August 1999, an unusual cluster of cases of menin-Testing by polymerase chain reaction (PCR) and DNA
goencephlitis associated with muscle weakness was no- sequencing at the CDC and the University of California
ticed in New York City, NY. Initial epidemiological and at Irvine indicated that this virus was closely related
environmental investigations suggested an arthropod-to WNV and that it was identical to virus from human
borne viral cause (arbovirus), and both serologic testingbrain tissue from 4 encephalitis cases in New York. On
retesting, all initial serum/cerebrospinal fluid (CSF)
specimens reactive to SLE were positive for WNV by
IgM enzyme-linked immunosorbent assay (ELISA), with
higher positive-negative ratios than to SLE. An additional
18 patient samples that were either borderline or negative
for SLE were positive for antibody to WNV, confirming
that WNV was indeed the cause of the iliness in these
patients’
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Table 1.West Nile Virusin Humans, 1999-2002 approximately 50 nm in diameter. It is an enveloped single-
Case stranded RNA virus. The viral membrane has 2 integral
No. of No. of fatality glycoproteins—E (viral envelope) and M (membrane). The
Year  states  deaths/cases (%) Date range E-glycoprotein, the viral hemagglutinin, mediates virus-
1999 1 7162 11.3 August 2-September 24 host cell binding. It elicits most of the virus-neutralizing
2000 3 2/21 9.5 July 29-September 27 antibodiego11
2001 10 9/66 13.6  July 13-December 7 . vsis indi hat the vi .
2002 39+ 284/4156 68  May 19-December 14 Genetic analysis indicates that the virus responsible for

the 1999 outbreak was extremely similar (99.8% homol-
ogy) to the WNYV isolated from a dead goose in Israel in
19982 This suggests that the virus probably originated in
The discovery in 2000 that WNV survived in overwin- the Middle East. It is unclear how the virus arrived in the
tering Culex mosquitoes in New York dashed hopes thatUnited States. The most likely explanations are that it was
the virus would not do well in temperate climates and carried by infected migrating birds or possibly by infected
heralded the westward spread of the disé&nce then adult mosquitoes or larvae inadvertently transported on an
the infection has been steadily spreading westward. Fromairplane. Because humans have extremely low-level vire-
1999 through 2001, there were 149 cases of WNV humanmias, an infected international traveler is unlikely to have
illness reported in the United States and 18 deaths (Tablédeen the source.
1). In 2002 reported cases increased dramatically, with
4156 laboratory-confirmed human cases and 284 deathg RANSMISSION
(Tables 1 and 2). lllinois, Indiana, Ohio, Michigan, Louisi- The most common route of WNV infection to humans is
ana, and Texas reported the largest number of cases. Ithrough the bite of an infected culicine mosqditd Mos-
2003, the first confirmed human case was reported fromquitoes become infected when they feed on infected birds
South Carolina on July 7. As of August 11, 2003, the CDC that have high levels of WNV in their blood. Infected
has received reports of a total of 182 human cases of WNVmosquitoes can then transmit WNV when they feed on
infection from 17 states with 5 reported deaths. At the samehumans or other animals. People, horses, and most other
time in 2002, 112 human cases from 4 states had beemammals do not develop high-level viremias and hence are
reported. In 2002 the vast majority of cases occurred aftertraditionally thought of as “dead-end” hosts.
the first week of August, and if the same pattern holds true  The WNV has been detected in dead birds of at least
in 2003, an even larger outbreak is expected this year.138 species. Birds of the family Corvidae (crows and blue
Surveillance on animal populations by the CDC supportsjays) appear to be particularly susceptible to WNV.
this hypothesis. The number of infected horses and infected®eople at risk of exposure to WNV include those working
mosquito pools far outpaces the number reported at thisoutdoors when mosquitoes are actively biting, such as

*Plus Washington, DC. Data from reference 8.

time in 2002 farmers, foresters, landscapers, groundskeepers, and con-
struction and other outdoor workers. The WNVnist
VIROLOGY transmitted from person to person by mosquitoes. How-

The WNV is a flavivirus and a member of the Japaneseever, 5 new modes of transmission were recognized in

encephalitis (JE) virus serocomplex, which contains sev-2002 and are described subsequently. Recognition of

eral viruses also associated with human encephalitis: JEfthese new modes of transmission invalidates the theory

SLE, Murray Valley encephalitis, and Kunijin (a subtype of that humans are dead-end hosts.

WNYV). All flaviviruses are closely related antigenically,

which accounts for the serologic cross-reactions observedBlood Transfusion

Members of the JE complex are even more closely related; Between August 2002 and January 2003, there were 20

often, specialized tests are needed to differentiate the inconfirmed cases of WNV transmission associated with

fecting flavivirus. The WNV is a spherical particle that is blood product transfusion, linked to 14 infectious donor
units. Transmission of WNV has been documented to oc-

Table 2.Features of the 2002 Epidemic of West Nile Virus cur via red blood cell, plasma, and platelet transfusions.
Five of 14 infected donors and 7 of the 20 confirmed cases

Largest arboviral epidemic ever reported in the Western Hemisphere

10% mortality in patients with central nervous system involvement were asymptomatit?. L )

New modes of transmission recognized _ _ In 2003, the Food and Drug Administration recom-
Ne_zw n_eurologlc syndromes associated with infection recognized mended that between June 1 and November 30 (peak trans-
Widening geographic area . .
Longer transmission season mission season) all blood banks should screen potential

Continued human and equine toll blood donors. Those who have had a headache with fever in
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the past week should be deferred from donation for 28 Transplacental Transmission

days!® Cases of WNV infection in persons who have re-  Adverse pregnancy outcomes have been reported
ceived blood transfusions in the 4 weeks before they be-previously with intrapartum infection with JE and dengue
came ill should be reported to the blood collection agencybut not with WNV. In August 2002, a 20-year-old previ-
and to the CDC. In addition, public health departments andously healthy woman in the 27th week of pregnancy was
blood banks will cooperate to identify blood products from admitted to the hospital because of symptoms compatible
donors who develop a West Nile viral illness after giving with WNVME, and her serum and CSF samples were
blood. Prompt reporting of these cases will help facilitate positive for WNV-specific IgM. She was delivered of a
withdrawal of potentially infected blood components. live newborn 5 weeks later. The infant had serologic
However, because symptoms occur in only 20% of infectedevidence of WNV infection, bilateral chorioretinitis, and
patients, clinical screening will have limited effectiveness. magnetic resonance imaging (MRI) evidence of severe
Hence, the Food and Drug Administration also recom- bilateral white matter loss in the temporal and occipital
mends screening donor units for WNV by using nucleic lobes?°

acid testing. Pregnant women should take precautions to reduce their
risk for WNV and other arboviral infections by avoiding
Organ Transplantation mosquitoes and by using protective clothing and insect

In August 2002, 4 transplant recipients who had re- repellents. When WNV transmission is occurring in an
ceived organs from a common donor developed fever; 3area, pregnant women who have an illness that is clinically
had meningoencephaliti&!® WNV infection was diag-  consistent with acute WNV infection should undergo ap-
nosed in all 4 recipients. The serum and plasma samplegropriate diagnostic testing. Screening of asymptomatic
drawn from the organ donor at the time of organ recovery pregnant women or newborns for evidence of WNV infec-
were positive for WNV by PCR and virus culture. The tion is not recommended because no specific treatment for
organ donor had received blood product transfusions fromthis infection is available, WNV-IgM antibody might per-

63 blood donors, and further testing identified 1 donor who sist for more than a year, and tests of a single serum sample
had viremia at the time of donation. Blood from this blood cannot accurately determine the timing of infection. The
donor had also been transfused into the patient describec€DC has initiated a voluntary registry to monitor birth

below. outcomes among WNV-infected women. In the event of an
adverse birth outcome, maternal and fetal or newborn
Breast-feeding samples should be submitted to a state public health labora-

In September 2002, a woman developed WNV menin- tory or the CDC for testing.
goencephalitis (WNVME) 11 days after receiving a post-
partum blood transfusion from a WNV-infected donor. Laboratory Acquisition
Her CSF sample was positive for WNV-specific IgM. She  In 2002, there were 2 reported cases of occupationally
had been breast-feeding her newborn, and a sample of heaicquired infection among laboratory workers associated
breast milk obtained 16 days after delivery was positive with percutaneous injury while performing autopsies on
for WNV by PCR and for WNV-specific IgG and IgM  animals for WNV surveillanc&.Both patients had no other
antibodies. The newborn remained afebrile and healthy,risk factors for acquiring disease. The illness was mild and
but a serum sample from the newborn on day 25 showedself-limited, and recovery was complete.
WNV-specific IgM antibodies. The newborn had little Since the 2002 WNV epidemic, the number of labora-
outdoor or other exposure to mosquitoes, suggesting thatories and laboratory workers involved in arboviral diag-
the infection most likely came from the mother through nostic activities has increased dramatically, increasing the
breast-feeding® potential for further laboratory-acquired infections. Labo-

Because the benefits of breast-feeding are well estab+ratory workers should take precautions to minimize expo-
lished and the risk of transmission of WNV via breast- sure to potentially infected tissue and body fluids and use
feeding remains to be quantified, this report should not biosafety level 3 containment when working with live
influence an individual decision to breast-feed. Between WNV. If unintentional exposure to WNV occurs, the area
1999 and 2002, WNV infection has been reported in only 4 should be washed thoroughly with soap and water, and
infants, 3 of whom were breast-fed. There have been noa baseline serum sample should be obtained and stored.
reported adverse consequences of insect repellent use itf the worker has an illness within the next 2 weeks,
breast-feeding women, and this would be the best way tomedical evaluation, consultation with public health offi-
prevent exposure not only to WNV but also to other insect- cials, and collection of additional serum samples for test-
borne illnesses. ing are recommended.
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WNV IN ANIMALS This weakness was previously attributed to a peripheral
Cases of WNV disease in horses have been documentedemyelinating process (Guillain-Barré syndrome), but
extensively??2* More than 14,000 cases occurred in 2003, new studies show that the damage is localized to spinal
with a mortality rate of approximately 35%. Horses most anterior horn cells resulting in a poliomyelitis-like
likely become infected with WNV in the same manner as syndrome® Most patients had little or no improvement
humans, ie, by the bite of infectious mosquitoes. In loca- on short-term follow-up. In contrast to patients with
tions where WNV is circulating, horses should be protected Guillain-Barré syndrome, in which there is an albumino-
from mosquito bites as much as possible. Horses vaccicytologic dissociation, these patients have elevation
nated against other arboviruses are not protected againsif both protein and cells in the CSF. Electromyography
WNYV infection. An inactivated WNV equine vaccine (In- and nerve conduction studies can also help make the
novator, Fort Dodge Animal Health Inc, Overland Park, distinction.
Kan) received a full license in 2003; it has an estimated Newer syndromes reported after the 2002 outBSteak
95% efficacy after administration of 2 doses 3 to 6 weeksinclude movement disorders with tremors and myoclonus,
apart. An annual booster at the start of the mosquito seasoparkinsonism, and rhabdomyolysis. Other less common
is recommended. neurologic manifestations include ataxia, cranial nerve in-
The WNV does not appear to cause illness in dogs orvolvement, optic neuritis, and polyradiculopathy. Seizures
cats, although serosurveys have indicated that dogs arsvere reported in one third of patients with encephalitis in
infected frequently®?* Through December 2001, the CDC earlier outbreaks but were not a common feature in the
also received a small number of reports of WNV infection 2000 and 2001 outbreaks in the United States.
in bats, a chipmunk, a skunk, a squirrel, and a domestic Although theexact mechanism is uncerta@N\S infec-
rabbit. No animal-to-human transmission has been re-tion presumably occumhen the virus crosses thwod-
ported. There is 1 report of fatal WNV illness in farmed brain barrier by endotheliegplication or axonal transport
alligators traced to contaminated meat from horses infectedhrough olfactory neurons. Factdhst enhance progres-

with WNV.% sion ofCNS infections among elderly persons may include
thosethat disrupt the blood-brabarrier (eg, hypertension)

CLINICAL PRESENTATION orincrease the duration atelel of viremia (egimmune

After WNV infection, the viraincubation period in humans  dysfunction).

ranges from 2 to 15 days (usual period, 2-6 d&y8Most Patients without neurologic involvement generally

human infectionare clinically inapparent. On the basis of have an uneventful recovery. Involvement of the CNS is
seroepidemiological studies, 1 in 5 infected persons will associated with mortality of up to 10% and with long-
have a febrile illness characterized by abrupt onset of feverterm morbidity. In the New York City outbreak in 1999,
headache, backache, myalgiad anorexia that typically — only 35% of patients with encephalitis had complete re-
lasts 3 to 6 days. A roseol@armaculopapular rash involv-  covery at 1 year. The others reported varying degrees of

ing primarily the face and trunk occumsabout half othe neurologic impairment, including fatigue, chronic head-
patients and can lagp to a week. Generalized lymphade- aches, memory loss, difficulty walking, muscle weakness,
nopathy issommonOther seriousonneurologic compli-  and depressioff.
cations in humansccur rarely and includeyocarditis,
pancreatitis, and fulminahepatitis. Radiological Findings

In identifying CNS inflammation, MRk more helpful
Neurologic Complications thancomputed tomography. Computed tomographic scans

Approximately 1 in 150 infected persons will have a in patients with WNV encephalitis usually show normal
severe illness with central nervous system (CNS) involve- findings or preexisting lesions and long-term changes. In
ment!* Advanced age is the most important risk factor for 30% of patients, MRI shows leptomeningeal or peri-
neurologic disease. People older than 50 years have a 10¢entricular enhancement. Some authors suggest that high
fold higher risk of developing neurologic symptoms; the signal intensities on T2-weighted images in the thalamus
risk is 43 times higher in patients older than 80 y&afs. and the basal ganglia may &e early indicator that a
Meningoencephalitis is the most common type of CNS patient has WNV encephalifis.
presentation, but isolated encephalitis or meningitis also
has occurred. West Nile virus—associated acute flaccidPathologic Findings
paralysis has been documented extensit¥?éfyPatients In fatal cases, pathologic findings are diffirfamma-
with this presentation are relatively young, the weaknesstion of the brairand spinal cord witemall hemorrhages,
is asymmetrical, and there is no sensory involvement. perivascular cuffingand extensive neuronal degeneration.
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The brainstem, especially the medulla, is involved most Table 3. Surveillance Case Definitions of WNV Infection*

extensively, and cranial nerve roots may show a mono-c firmed case

nuclear infiltrate’’4° Febrile illness associated with neurologic manifestatinsat |east
1 of the following

Isolation of WNV from or demonstration of viral antigen or
genetic material in tissue or body fluids

Laboratory Findings

Patients may have either a mild leukocytosis or a mild IgM antibody to WNV in CSF+
Ieukopenia. Mild hyponatremia may be present in some A =4-fold increlase in antibody titer to WNV in paired CSF or
. . . . serum samples
patients, especially 'those with encephalitis. R'eSUItS _Of Presence of both WNV-specific IgM and 1gG antibodies in a
other laboratory studies are usually normal. In patients with single serum specimen
WNVME, CSF findings include mild pleocytosis (usually Probable case
30-100 ceIIqAL' range, 0-1800 ceIIpL) with Iymphocytic A compatible illness that does not meet any of the laboratory criteria
domi ’ id ’t derat tei | fi d plusat least 1 of the following
predominance, mild to moderate protein elevation, an Serum IgM antibody against WNV

normal CSF glucose levels. Elevated IgG antibody against WNV in convalescent serumz
Infection is confirmed by detecting virus or antibodies Noncase
against the virus (Table 3)_ Attempts at virus isolation are  Anillness that does not meet the laboratory criteria plus a negative

I ful b the | | of vi . test result for IgM antibody against WNV in serum or CSF
usually unsuccessiul because the level or viremia IS ex- collected 8-21 days after onset of illnessl/or negative WNV

tremely low and clears rapidly (Figure 1). Viremia may last IgG antibody in serum collecte®? days after onset of illness
Iongeriln patients with .advanced mallgnanmes or thosex CSF = cerebrospinal fluid; ELISA = enzyme-linked immunosorbent
taking immunosuppressive drugs. assay; WNV = West Nile virus.

Serologic tests can be performed on serum or CSF. Wesg Detected by IgM capture ELISA. » _

Nile virus—specific IgM can be detected in serum or CSF Ivk&?] E:_ISAfor(Ingt_|s sen5|tt|v$ bl:'t notnsgz_euflc and should be confirmed
plaque reauction neutralization testing.

by IgM capture ELISA in at least 90% of patients on or
after the eighth day of iliness. Once IgM antibodies appear,
they persist for more than 6 months after illness in most MANAGEMENT
patients and may persist for as long as 500 days. HenceThere is no established treatment for WNV infection. Pa-
contrary to most other infections, the presence of IgM tients withWNVME should be hospitalized, and treatable
antibodies is not suggestive of acute infection unless it isSCNS infections or conditions should be ruled out. Patients
associated with a recent compatible illness. IgM antibody with profound muscle weakness may require intubation and
does not cross the blood-brain barrier, and thus positivemechanical ventilation. In vitro studies have shown activity
findings on CSF are specific for CNS infection except in of ribavirin, interferon alfa, and pyrazidine nucleosides
the case of CSF contamination with blood during a trau- against WNV, but no clinical data support the use of these
matic spinal tap. agents at present. Intravenous immunoglobulin that has

IgG antibodies appear by the seventh day of illness andWNV-specific antibodies has been shown to have prophy-
can be detected by 3 weeks after infection in most patientslactic and therapeutic efficacy for WNV infection in mi¢e.
In acute infection, 1gG titers should increase between days
7 and 21 after infection. False-positive serologic results
may occur in patients who have received the yellow fever pfu/mL oM ELISA
or JE vaccines or have been infected with these viruses of WN viremia 150 o= ===
other flavivirus such as dengue. Therefore, a travel history 1T ~~Jd.
and immunization history are important to interpret sero- R 1gG T
logic results correctly. There is also cross-reactivity with /
the SLE virus, which occurs widely in the United States.
Positive 1gG results by ELISA should be confirmed with a "'~.,
more specific test—the plague reduction neutralization It
test A
Viral RNA can be detected in clinical specimens with 5-4-32-101 2 345678 910
use of PCR. In a study of patients with serologically con- * Days after onset
firmed acute WNVME, the sensitivity of the reverse-tran- lliness
scriptase—PCR (TagMan) in CSF and serum was 57% an
14%, r_espec;tlvglf)z. In fa.tal WNVME' WNV_ can be de- Figure 1. Laboratory diagnosis of West Nile virus (WNV) infec-
tected in brain tissue by immunohistochemistry or PCR andijon. ELISA = enzyme-linked immunosorbent assay: pfu =
culture techniques. plaque-forming units. Data from reference 8.
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Table 4. Preventive M easures Against
West Nile VirusInfection

Personal protection

Use DEET-containing insect repellent, permethrin

Consider avoiding outdoor activities from dusk to dawn, which are
peak mosquito feeding times, or use additional mosquito precau-
tions during these times

When possible, wear long sleeves, long pants, and socks while
outdoors

Maintain window and door screens

Vector control
Habitat
Limit the number of places around the home for mosquitoes to
breed by disposing of items that hold water
Mosquito
Work with local government officials to establish mosquito con-
trol programs that kill both larvae and adult mosquitoes

There is anecdotal evidence of efficacy of intravenous im-

munoglobulin in human®. However, supportive care in-

eration with and for use by the US military. Permethrin is

odorless after drying and binds tightly to fabric. One appli-

cation to clothing can last up to 6 weeks despite several
launderings. An additional benefit is that permethrin is

active against ticks and other biting insects. It is inactivated
on contact with skin, and hence DEET application to ex-

posed skin is neccessary.

In areas where there has been WNV activity in birds,
animals, or humans, local government agencies should es-
tablish mosquito-control programs, including applying lar-
vicides to water collections and spraying for adult mos-
quito control¥’

Two candidate vaccines against WNV are being evalu-
ated. One vaccine (Acambis, Cambridge, Mass) is based on
the yellow fever vaccine. The other vaccine was developed
by the National Institute for Allergy and Infectious Dis-
eases and uses the dengue virus as a backbone to carry
WNYV genes. Both these vaccines are expected to be tested

cluding ventilatory support when necessary and treatment ofin phase 1 human trials in late 2003.

cerebral edema are the key management measures.

PREVENTION

Reducing contact between humans potentially infected
mosquitoes is the only wag reduce infection ratesyor-
bidity, and mortality duégo WNV infection. Thiscan be
done withspecific personal protection behaviarsl with
mosquito-controctivities (Table 4).

Personal protective measures that reducegkef in-
fection include théollowing: avoiding outdoor activity in
areas when potentially infectedosquitoes are present;
eliminatingconditions that suppomtosquito breeding (eg,
eliminatestanding water, clean ragutters); maintaining
window anddoor screens; wearing long-sleewhitts and
long pantsvhen outdoors; applying inseaepellents con-
taining DEET (N, N-diethyf-toluamide)r permethrin to
clothes;and applying DEET-containing repellemts ex-
posed skin.

DEET is a broad-spectrum repellent that is effective

against many species of mosquitoes and other biting 2.

insects. The duration of protection provided by DEET is
proportional to its concentration, to a maximum of 50%.

Concentrations greater than 50% provide no additional
benefit. DEET should be applied to clothes and on all
exposed areas and washed off when returning indoors.
Overall, DEET has a good safety profile and is safe to
use in infants older than 2 months and in pregnant >

women?® Currently available non-DEET repellents do
not provide satisfactory or reliable protection against
mosquitoes.

Permethrin, a synthetic pyrethroid, can be used as an

adjunct to DEET-containing insect repellent. Permethrin
clothing applications were originally developed in coop-

CONCLUSION

Infections of WNV have resulted in pronounced human
and economic losses since WNV first appeared in the
United States in 1999. The year 2002 saw a dramatic
increase in the number of cases, widening geographic dis-
tribution, and an increase in the period when cases occurred
(Table 2). Also, several new modes of transmission and
new clinical presentations were recognized. The illness
causes substantial morbidity in elderly persons, immuno-
suppressed persons, and pregnant women. These groups
should take special precautions against mosquito bites.
Management consists of supportive care; no specific treat-
ment or vaccine is currently available.
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Questions About WNV

1. Whichoneof the following belongs to thglaviviridae
family besides WNV?

. Influenza virus

JE

Herpes simplex virus

. Varicella virus

. SARS (severe acute respiratory syndrome)

PoooTw

2. Whichoneof the following modes of transmission of
WNV hasnotbeen reported?

a. Blood transfusion

b. Organ transplantation
¢. Animals to humans
d. Mosquito bites

e. Breast-feeding

3. Whichoneof the following ismost likelyto be seen in a
patient with WNVM?

a. CSF pleocytosis and elevated CSF protein level

b. CSF pleocytosis and normal CSF protein level

c. CSF glucose level that is less than one third of
concomitant serum glucose level

4. Whichoneof the following ismost likely due to acute

WNYV infection?

a. WNV-IgM in CSF in an asymptomatic person

b. WNV-IgG in serum in a 44-year-old missionary
with fever and chills who has recently returned
from a 4-year stay in rural China

c. WNV-IgM in CSF in a 75-year-old man with asym-
metrical upper extremity weakness

d. WNV-IgG in serum in a 45-year-old man with fever
who received the yellow fever vaccine 4 months
previously before a planned trip to Tanzania

e. WNV-IgM in CSF in a 70-year-old man with
chronic headaches and left upper extremity weak-
ness after a febrile illness 8 months previously

. Whichoneof the following measures st appropri-

ateto prevent WNV infection?

Avoiding being outdoors at dawn and dusk

Using DEET-containing insect repellent

Using permethrin clothing spray

Checking for and draining collections of standing
water

Avoiding close contact with persons in whom WNV
infection has been diagnosed

coop

o

d. Meningeal enhancement on computed tomographic
scan Correct answers:
e. Loss of sensation in lower extremities 1.b,2.c,3.a,4.c,5.e
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