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“The Most
Difficult Puzzles
Ever Devised”

6

Foreword

CHARLES BEST, ONE of the pioneers in the search for a cure for
diabetes, once explained what it is about medical research

that intrigued him so. “It’s not just the gratification of knowing
one is helping people,” he confided, “although that probably is
a more heroic and selfless motivation. Those feelings may enter
in, but truly, what I find best is the feeling of going toe to toe
with nature, of trying to solve the most difficult puzzles ever de-
vised. The answers are there somewhere, those keys that will
solve the puzzle and make the patient well. But how will those
keys be found?”

Since the dawn of civilization, nothing has so puzzled people—
and often frightened them, as well—as the onset of illness in a
body or mind that had seemed healthy before. A seizure, the in-
ability of a heart to pump, the sudden deterioration of muscle
tone in a small child—being unable to reverse such conditions or
even to understand why they occur was unspeakably frustrating
to healers. Even before there were names for such conditions,
even before they were understood at all, each was a reminder of
how complex the human body was, and how vulnerable.

While our grappling with understanding diseases has been
frustrating at times, it has also provided some of humankind’s
most heroic accomplishments. Alexander Fleming’s accidental
discovery in 1928 of a mold that could be turned into penicillin
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has resulted in the saving of untold millions of lives. The isola-
tion of the enzyme insulin has reversed what was once a death
sentence for anyone with diabetes. There have been great strides
in combating conditions for which there is not yet a cure, too.
Medicines can help AIDS patients live longer, diagnostic tools
such as mammography and ultrasounds can help doctors find
tumors while they are treatable, and laser surgery techniques
have made the most intricate, minute operations routine.

This “toe-to-toe” competition with diseases and disorders is
even more remarkable when seen in a historical continuum. An as-
tonishing amount of progress has been made in a very short time.
Just two hundred years ago, the existence of germs as a cause of
some diseases was unknown. In fact, it was less than 150 years ago
that a British surgeon named Joseph Lister had difficulty persuad-
ing his fellow doctors that washing their hands before delivering a
baby might increase the chances of a healthy delivery (especially if
they had just attended to a diseased patient)!

Each book in Lucent’s Diseases and Disorders series explores
a disease or disorder and the knowledge that has been accumu-
lated (or discarded) by doctors through the years. Each book also
examines the tools used for pinpointing a diagnosis, as well as
the various means that are used to treat or cure a disease. Finally,
new ideas are presented—techniques or medicines that may be
on the horizon.

Frustration and disappointment are still part of medicine, for
not every disease or condition can be cured or prevented. But the
limitations of knowledge are being pushed outward constantly;
the “most difficult puzzles ever devised” are finding challengers
every day.

Foreword
7
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A New Threat 
in the Western
Hemisphere

8

Introduction

IN LATE AUGUST of 1999, several physicians in the New York City
area notified the New York City Department of Health about

eight patients with an unusual type of encephalitis (inflamma-
tion of the brain). Doctors known as epidemiologists, who 
specialize in tracking down the causes of and controlling myste-
rious illnesses, began looking at what these patients had in com-
mon. They found that all eight were previously fairly healthy.
The patients ranged in age from fifty-eight to eighty-seven. All
had fevers followed by changes in mental function. Seven of the
people had severe muscle weakness, which is unusual with en-
cephalitis. Three had symptoms of Guillain-Barré syndrome, a
disease characterized by sudden weakness or paralysis of the
arms, legs, face, and breathing muscles. Four were paralyzed to
the extent that they could not breathe and had to be put on me-
chanical ventilators.

Tests on the patients’ blood and cerebrospinal fluid, the liquid
that surrounds the brain and spinal cord, revealed a probable 
viral infection. Investigators also discovered that all of the peo-
ple lived within a sixteen-square-mile area in the northern
Queens section of New York City. All reported that they had
been outdoors near their homes on several recent evenings. Sci-
entists then discovered culex mosquito larvae and breeding sites
near each of the patients’ homes; this finding offered a valuable
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clue about where the virus causing the encephalitis came from,
because mosquitoes are known carriers of many viruses.

Soon, more doctors began reporting instances of other patients
in the area with suspicious symptoms, including fever, en-
cephalitis, meningitis (inflammation of the lining of the brain),
headache, stiff neck, rash, weakness, and paralysis. A total of
sixty-two people in the New York City area were eventually af-
fected in 1999. Seven died.

When physicians tested the patients’ blood and cerebrospinal
fluid for viruses commonly transmitted by mosquitoes, they
found all had antibodies against Saint Louis encephalitis virus.
Antibodies are chemicals produced by the immune system to at-
tack specific antigens, or foreign substances that enter the body.
In this case, their presence indicated to experts that Saint Louis
encephalitis virus was the culprit. But around this time, public
health officials became aware that an unusually large number of
wild birds, especially crows, were dying in the area. Several exotic

A New Threat in the Western Hemisphere
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A pathologist examines a dead crow for West Nile virus. Scientists linked 
the presence of the virus in birds to the 1999 outbreak of encephalitis 
in New York.
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birds in the Bronx and Queens zoos also had succumbed to a
mysterious ailment. No one suspected that the bird deaths might
be related to the human encephalitis outbreak, but scientists soon
made a shocking discovery.

The investigators happened to find evidence of a virus called
West Nile virus in brain tissue taken from several species of dead
birds, including crows, blue jays, red-tailed hawks, doves, cor-
morants, gulls, bald eagles, and a Chilean flamingo. This was
shocking news because the virus had never before been seen in
the Western Hemisphere. It had been documented in Europe,
Asia, Africa, the Middle East, and Australia, but never in North
or South America.

Wondering whether the bird deaths might be related to the
mounting human encephalitis outbreak, public health officials
retested the human patients. They discovered, in fact, that the pa-
tients were infected with West Nile virus. The preliminary tests
that showed the Saint Louis encephalitis antibodies were in error,
probably because West Nile virus looks very similar to Saint
Louis encephalitis virus in laboratory tests.

Further investigations on more than three hundred thousand
mosquitoes showed that eight species were infected with West
Nile virus. This evidence helped experts unravel the mystery of
how the New York City area patients had become infected with
a newly arrived virus. Commented Dr. K.L. Tyler in an article
written for the New England Journal of Medicine, “The discovery
that a cluster of cases of encephalitis in the New York City area in
the summer of 1999 was caused by West Nile virus was a mas-
terstroke of medical detection, combining features of a Berton
Roueché [popular mystery author] story, a Michael Crichton
novel, and Alfred Hitchcock’s The Birds.”1

Understanding that the virus could infect birds and mosqui-
toes was only the first step in answering the question of how
West Nile virus suddenly appeared in the United States. Experts
believe that it was probably brought over either by birds im-
ported from another country or by infected mosquitoes that 
invaded imported cargo, but no one is sure of exactly what hap-
pened. The outbreak did raise public awareness of the vulnera-

West Nile Virus
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bility of people everywhere to disease-causing bugs that previ-
ously were not a problem. Says a report in the New England Jour-
nal of Medicine:

The 1999 West Nile virus disease outbreak again proves that,
with the growing volume of international travel and commerce,
exotic pathogens [disease-causing germs] can move between
continents with increasing ease. Physicians, veterinarians, labo-
ratory workers, and public health officials must remain vigilant
for unexpected outbreaks of imported disease in the future.2

Due to the West Nile virus outbreak, a New York police officer tells visitors 
to Central Park to vacate the area.
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Not only has the West Nile virus outbreak taught public health
officials to be alert for new diseases in this country, it has also led
to a massive campaign to educate the public about the dangers of
the disease and to an elaborate and comprehensive program aimed
at preventing and treating further outbreaks. Still, since 1999 the
virus has spread throughout the United States and remains a
frightening challenge for residents, doctors, and others involved
in trying to control this new menace whose invasion continues 
to intensify.

West Nile Virus
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Chapter 1

What Is West
Nile Virus?
VIRUSES ARE SUBMICROSCOPIC organisms that can be seen only

with an electron microscope. Their size is measured in
nanometers; a nanometer is one billionth of a meter.

As small as they are, viruses are responsible for untold dam-
age and suffering. They can infect many types of plants and an-
imals, producing a wide range of illnesses and even death. They
do this by entering a living cell and taking over the cell in order
to replicate themselves. In fact, viruses cannot live on their own.
They require a host animal or plant in which they can replicate
so they can survive, and they must get inside a living cell to be-
gin this process. “A virus relies entirely upon the host cell’s abil-
ity to create the energy necessary to perform all of the
manufacturing processes. Viruses do not come with batteries in-
cluded,”3 point out scientists writing for the Virology Down Un-
der website. Thus, the sole purpose of a virus is to enter living
cells so it can make more viruses which can then get into more
cells and reproduce.

The entrance of a virus into a cell is called a viral infection. It
is this infection that can lead to disease. The host plant or ani-
mal’s body then produces antibodies and other immune chemi-
cals designed to kill the invading virus and rid the body of the
infection. The antibodies also kill cells infected by the virus.
Eventually either the body is free of the virus, which can no
longer survive in the absence of infected cells, or else the virus
overpowers the immune system and keeps replicating, leading
to death in some instances.
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Once a virus is inside a living cell, it uses the cell’s machinery
and chemicals to produce virus parts, which are assembled into
new viruses that then leave the cell and go on to infect other cells.
Viruses are made mostly of DNA (deoxyribonucleic acid) or
RNA (ribonucleic acid), the fundamental genetic building blocks
of living matter. The DNA or RNA is surrounded by an outer
shell known as a capsid; this shell is made of protein. Some
viruses also have another protein layer inside the capsid known
as a core, and some have a fat and protein covering outside the
capsid called an envelope. Viruses are classified according to
size, shape, presence or absence of an envelope, type of genome
(that is, whether the virus contains a single or double strand of
DNA or RNA), and other factors.

West Nile Virus
The West Nile virus is classified as a flavivirus, or member of the
family known as Flaviviridae. The Latin word flavus means “yel-
low”; the group of viruses is named after one of its best-known

West Nile Virus
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A relative of the virus responsible for yellow fever, the West Nile virus
(pictured) causes fever, rash, and central nervous system illnesses.
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First Isolation 
of West Nile Virus

In 1937, a group of doctors was studying yellow fever
and related pathogens in the West Nile region of
Uganda. They took a blood sample from a thirty-seven-
year-old woman with a fever, and her blood contained
a virus they had never seen before. They named the
virus West Nile virus after the area where it was first
discovered.

The researchers injected the infected woman’s blood
into the brains of laboratory mice, and all the mice died
after becoming hyperactive, then weak, then falling into
a coma. Some of the mice became paralyzed before dy-
ing. Subsequent experiments on rhesus monkeys
showed the virus caused encephalitis followed by coma
and death after it was injected into the brain. The re-
searchers examined the deceased animals’ brains and
found the brains were swollen and contained lesions
and extensive damage to nerve cells. The virus did not
seem to affect organs other than the brain.

When the investigators tried giving the virus to rhe-
sus monkeys intravenously rather then directly into the
brain, the virus caused only fever and gave the mon-
keys immunity to its effects. Tests on other species of
animals indicated that some became ill and died after
being given the virus intravenously or directly into the
brain, while others developed only fever and went on to
produce antibodies that protected them from illness.
Such research with the virus isolated from the Ugandan
woman provided scientists important information
about it and its effects on the nervous system of both
humans and animals.
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members, the virus that causes yellow fever. Flaviviruses have a
single strand of RNA and an outer envelope, among other char-
acteristics. They range in size from forty to sixty nanometers and
can cause many types of ailments including fever, rash, and cen-
tral nervous system illnesses.

Doctors first identified West Nile virus in the blood of a woman
with a high fever in the West Nile province of Uganda, Africa, in
1937. It undoubtedly existed before this time, but no one had ever
isolated the virus in a laboratory before this incident.

Soon after doctors identified the West Nile virus, other re-
searchers showed that it was similar to other flaviviruses such as
Saint Louis encephalitis virus, Japanese encephalitis virus, and
Murray Valley encephalitis virus. All flaviviruses are spread 
to humans and other animals by mosquitoes or ticks. They are
part of a group known as arboviruses, a term that is short for 
arthropod-borne viruses, because they are transmitted by blood-
sucking arthropods.

Outbreaks Since the Virus Was Identified
Since West Nile virus was first identified, health experts have
tracked many major outbreaks of disease related to this pathogen
in areas where it is endemic (ever present), primarily in the 
Middle East and Africa. Even when no major outbreaks occur,
though, the virus is still active in places like Israel, Egypt, and
other Middle Eastern and African locales. Indeed, studies in the
1950s in Egypt found that about 60 percent of the people living
along the Nile River had antibodies to West Nile virus in their
blood, indicating that they had been infected with the virus at
some point. The antibodies that the immune system manufac-
tures to fight infections can remain in the body for long periods
of time after the infection is gone, thereby giving the person im-
munity to the pathogen.

Doctors believe most Egyptians scrutinized in the 1950s stud-
ies were exposed to the virus in early childhood during the sum-
mer months, when mosquitoes are most active. Most did not
develop serious disease and mainly experienced fever and minor
aches and pains.

West Nile Virus
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Arboviruses
Arboviruses are found throughout the world. They are
pathogens that can be spread by bloodsucking arthro-
pods, including mosquitoes, ticks, fleas, lice, and sand
flies. West Nile virus is an example of an arbovirus that
is spread exclusively by mosquitoes. Most arboviruses
are not contagious between humans—that is, they do
not spread from one person to another except when di-
rectly inoculated into the blood.

More than eighty different arboviruses can cause hu-
man illnesses. They typically affect the central nervous
system because these viruses have biochemical charac-
teristics that attract them in particular to brain and
nerve cells. They can also affect other parts of the body,
causing a rash, fever, fatigue, arthritis, or hemorrhaging
in some instances.

In recent years, notably in 1996 and 1999, experts in places
such as Romania, Russia, and Israel have noticed that West Nile
virus outbreaks have centered more in urban areas, where the
disease was previously not prevalent. The virus has also resulted
in large numbers of severe neurological (relating to the nervous
system) problems and death when it strikes in places where it is
usually uncommon.

The 1999 outbreak in the New York City area, where of course
the virus had never been seen before, followed the recent pattern
of centering in an urban area and of causing severe neurological
disease in many patients. Once the virus arrived in the United
States, it showed no inclination to leave and in fact began
spreading out of the New York area. By 2000, West Nile virus
had affected people in New York, New Jersey, and Connecticut.
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In addition, by this time veterinarians had identified the virus in
many birds, horses, bats, rodents, rabbits, cats, raccoons, and
skunks throughout the East Coast region.

By 2001, West Nile virus had infected people and animals in
nearly every state in the continental United States. Most of these
cases have occurred in Illinois, Louisiana, Michigan, and Ohio.
The federal Centers for Disease Control and Prevention (CDC)
reports that as of late 2002, there were more than 3,500 people in-
fected with noticeable symptoms and more than 200 West Nile
virus–related deaths in this country. Public health officials esti-
mate that there are hundreds more people who do not know they
are infected because they never have symptoms.

Varying Degrees of Sickness
According to the CDC, anyone in an area where West Nile virus
is present can get infected; however, how sick someone gets de-
pends on several factors. One is age. “All residents of areas
where virus activity has been identified are at risk of getting West
Nile encephalitis, but persons over 50 years of age have the high-
est risk of serious disease,”4 says the CDC. Older people are also
at higher risk of developing lasting disability related to the dis-
ease and of dying from West Nile virus infection; about 20 per-
cent of older adults die from the disease, whereas only 4 to 13
percent of the rest of the population succumbs.

Another factor that influences how sick an infected individual
becomes is the presence of chronic medical conditions such as
diabetes, high blood pressure, cancer, or diseases of the immune
system. Such individuals are at high risk of getting severely ill
and of dying from West Nile virus infection. This is mostly be-
cause people with chronic or debilitating diseases are less able to
fight off the virus and keep it from overwhelming the immune
system.

Recent research suggests that genetics may play a role in de-
termining who gets very sick and who gets a mild form of the
disease. Genes are the part of a DNA molecule that transmits
hereditary information from parents to offspring. The genes that
a person inherits determine the function and operation of each

West Nile Virus
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cell in the body. They play an important role in moderating how
an individual responds to various internal and external forces.

Researchers at the Pasteur Institute in Paris, France, tested dif-
ferent strains of laboratory mice to see if genetics might determine
which mice were most likely to die from a West Nile virus infec-
tion. The investigators found that one strain of mice in particular
died within two weeks after becoming infected. They figured out
which gene was responsible for this phenomenon and named it
the West Nile gene. The scientists discovered that this gene blocks
a protein that would usually prevent the virus from reproducing,
inducing severe disease. No one has ascertained whether or not a
similar genetic flaw is responsible for serious instances of West
Nile virus illness in humans, but research is under way to find out.

Other researchers have shown that some strains of mice show
no symptoms at all when infected with West Nile virus; it appears

What Is West Nile Virus?
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Tracking
the Disease

Tracking a disease like West Nile virus involves doctors
reporting to public health agencies on instances of in-
fection that are confirmed in a laboratory. Thus, the actual
number of cases in a particular area may be under-
reported because many people with mild symptoms
may never go to see a doctor.

Experts also rely on reports of ill or dead birds and of
infected mosquitoes to keep track of where the virus is
active. Scientists analyze bird and mosquito tissue sam-
ples for evidence of West Nile virus, and if it is found,
this information can be used to predict and prepare for
new cases of the disease in humans and animals in the
area.

that these animals’ genes prevent the virus from replicating,
thereby preventing serious illness. Again, no one has proven that
a similar process exists in humans who do not experience symp-
toms after being infected with the virus, but scientists believe
such factors are likely to play a role in humans as well.

Besides the influence of age, overall health, and genetics, the
severity of West Nile virus symptoms can also be affected by
how common the virus is to the locale, by the subject’s nutri-
tional state, and by how much of the virus enters the nervous
system. In places where the virus is endemic, infected persons
are likely to experience only mild disease. This is because most
people in such areas are exposed to the virus yearly from the
time they are very young; thus, they are able to build up resis-
tance. Conversely, in places where it is new or uncommon, as in
the United States, it is more likely to result in serious illness be-
cause the population has not developed resistance to it. Nutri-
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tional state, of course, refers to how well nourished an individual
is. In general, people who consume a well-balanced diet have
better resistance to infections and to life-threatening complica-
tions from these infections. How much of the virus gets into the
nervous system depends on individual characteristics like genet-
ics and overall resistance to infection, as well as on the particular
strain of the West Nile virus the person contracts.

How virulent, or potent, the strain of the virus is also deter-
mines the severity of a person’s sickness. Different viral strains
result from the virus mutating, or changing its genetic structure;
sometimes these mutations can make a virus more or less ag-
gressive, or more or less likely to produce serious illness. Experts
have discovered that the strain of West Nile virus involved in the
1999 New York City outbreak was a very aggressive strain, which
at least partly explains the large number of affected patients with
severe neurological disease.

West Nile Fever and More Serious
Illnesses from West Nile Virus
Even with extremely aggressive strains of West Nile virus, public
health officials say most infected people do not show any symp-
toms; in fact, only about 20 percent exhibit signs of the disease.
Once someone is infected, the incubation period before they show
symptoms, if any, is from three to fifteen days. Experts divide
those patients who do show symptoms after the incubation pe-
riod into two groups. The first group, who are referred to as hav-
ing West Nile fever, has mild symptoms that resemble influenza,
including fever, headache, body aches, and sometimes nausea,
vomiting, a rash, and swollen lymph nodes. Symptoms generally
last for a few days and disappear with no lasting effects.

The second group of patients with symptoms from West Nile
virus become sicker than those with West Nile fever. This category
of patients represents about 1 percent of those infected with the
virus. They are said to suffer from West Nile encephalitis, West
Nile meningitis, or West Nile meningoencephalitis. Encephalitis is
an inflammation of the brain; depending on which part of the
brain is inflamed, the person will show varying symptoms. For

What Is West Nile Virus?
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example, if the cerebral cortex, the part of the brain involved
mostly in thinking and reasoning, is affected, the individual may
exhibit mental confusion, disorientation, and memory loss. These
symptoms, of course, would be in addition to the fever, head-
ache, and other typical West Nile symptoms such as lethargy,
nausea, vomiting, and body aches. If the cerebellum, a part of the
brain involved in movement, is inflamed, the patient is more
likely to be unable to walk or to move other muscles in the body.
Inflammation in other areas of the brain may produce convul-
sions, weakness, or even coma.

In rare cases, the inflammation in the brain triggered by West
Nile virus infection can lead to a condition called Guillain-Barré
syndrome, characterized by sudden weakness or paralysis in the
face, arms, legs, and breathing muscles. Guillain-Barré happens
when antibodies and white blood cells the body produces in re-
sponse to an infection damage the cells that protect nerve cells.
This disrupts the transmission of nerve signals from one part of
the body to another. One patient infected during the August 1999
outbreak in New York City developed Guillain-Barré syndrome
and was hospitalized. Extreme weakness, pain, numbness, and
tingling in his arms and legs progressed to partial paralysis and
the inability to walk. Soon the man needed a mechanical ventila-
tor to breathe. Although these complications are rare in West Nile
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virus infections, several patients have experienced them during
the outbreak in this country. As a result, public health officials
recommend that anyone with symptoms of Guillain-Barré syn-
drome during the late summer or early fall months be tested for
West Nile virus.

In contrast to encephalitis, meningitis, the second disorder ex-
perienced by many West Nile virus patients, is an inflammation
of the meninges—the membrane around the brain and spinal
cord. It can produce symptoms of fever, headache, stiff neck, nau-
sea, vomiting, sensitivity to light, and sleepiness. Sometimes
seizures are present. It is often difficult for doctors to differentiate
meningitis from encephalitis because the symptoms can be very 
similar, although mental confusion, other changes in thought
processes, weakness, and paralysis are generally associated with
encephalitis rather than with meningitis. When both the brain
and meninges are inflamed, the condition is known as menin-
goencephalitis. A definitive diagnosis of encephalitis, meningitis, or
meningoencephalitis requires laboratory tests that study the cere-
brospinal fluid and other tests that take pictures of the brain, in

What Is West Nile Virus?
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addition to looking at an individual’s symptoms. These tests are
performed as part of the diagnostic workup when a patient visits
a doctor or is admitted to a hospital with suspicious symptoms.

Diagnosing West Nile Virus
When a patient goes to a doctor or is brought into a hospital, a
physician first studies the person’s medical history to find out
whether other medical problems might explain his or her symp-
toms. The doctor then orders blood tests to be analyzed in a labo-
ratory. If the doctor suspects West Nile virus, he or she can
specifically order antibody, DNA, or virus-culture tests to confirm
the diagnosis. If the individual is infected with West Nile virus,
the blood sample will probably show a rising level of antibodies
to the virus, a positive DNA test for the virus, or a positive culture
of the virus grown in a culture dish. A positive culture means that
the West Nile virus appears when a sample of the patient’s blood
is incubated in a laboratory dish used for this purpose.

Persons with neurological symptoms indicating encephalitis,
meningitis, or meningoencephalitis will also undergo a spinal
tap, also known as a lumbar puncture, to obtain a sample of cere-
brospinal fluid. A physician performs a spinal tap by giving the 
nserting a long, hollow needle between two lower vertebrae and
into the spinal column. Then the doctor withdraws a sample of
cerebrospinal fluid. If the person has West Nile virus, laboratory
DNA and immune-chemical tests will indicate the presence of
the virus and an increased white blood cell count in response to
the infection.

In addition to the spinal tap, persons with neurological symp-
toms may be given an electroencephalogram (EEG). Here, elec-
trodes attached to the head and to a machine known as an
electroencephalograph record the brain waves on a moving sheet
of paper. The test can help doctors determine whether the source
of certain neurological symptoms is a seizure disorder or another
type of illness.

Brain imaging techniques such as computerized tomography
(CT) scans or magnetic resonance imaging (MRI) may also be
employed to reveal inflammation and swelling in the brain and

West Nile Virus
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meninges. These diagnostic tools help physicians determine
whether a West Nile virus patient has encephalitis or meningitis.
CT scans are X rays that produce more-detailed images of inter-
nal organs than do traditional X rays. These scans can pinpoint
infections or inflammation deep within the brain.

MRI uses a magnetic field and radio waves to create images of
the inside of the body. An MRI machine is a large, cylindrical
magnetic tube. When a person is placed inside the machine, 
radio waves produced by a coil in the machine cause the body to
emit faint signals. The machine picks up these signals and
processes them through a computer that creates corresponding
images from the person’s insides. Specially trained doctors can
then analyze certain body tissues by the electronic characteristics
they display. In this manner, a physician can determine whether
the individual has encephalitis, meningitis, or other characteris-
tic symptoms of West Nile virus.

A Complicated Process
With the wide variety of symptoms and the similarities among
the various classifications of West Nile virus infection, it can be
difficult for physicians to differentiate among the subtypes and

A doctor tests a blood sample for West Nile virus. A positive sample has high
levels of antibodies to the virus.
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to actually diagnose the disease at all unless the correct tests are
performed. Now that experts are aware of the presence of West
Nile virus in the United States, doctors have been alerted to
watch for suspicious symptoms and to perform appropriate tests.
However, it is still often difficult to decide when one is dealing
with West Nile virus as opposed to influenza or to encephalitis or
meningitis brought on by other causes.

The fact that West Nile virus looks very similar to other fla-
viviruses when viewed under an electron microscope and in
DNA and immune protein tests also complicates the diagnostic
process. This was illustrated in the 1999 New York City–area
West Nile virus outbreak in which physicians originally thought
the affected patients were suffering from Saint Louis encephalitis
virus. However, recent improvements in methods of laboratory
identification of West Nile virus have made it easier for experts
to pinpoint exactly which pathogen is responsible for a patient’s
symptoms.

West Nile Virus
26

Because Saint Louis encephalitis virus (pictured) looks similar to West Nile 
virus, physicians mistakenly identified the encephalitis virus as the pathogen
responsible for the 1999 outbreak.
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Public health officials have gone to great lengths to educate
both doctors and the public about the virus so that it will be con-
sidered in diagnosis of anyone with suspicious symptoms, par-
ticularly during the summer and early fall months. But in some
places with moderate climates where mosquitoes are active year-
round, it is possible for people to be infected at any time, so ex-
perts emphasize that West Nile should always be considered as a
possibility. “Severe neurological disease due to WNV [West Nile
virus] infection has occurred in patients of all ages. Year-round
transmission is possible in some areas. Therefore WNV should be
considered in all persons with unexplained encephalitis and
meningitis,”5 say authorities at the CDC.

After the Diagnosis
Once someone is diagnosed with West Nile virus, the illness is re-
ported to local, state, and federal public health officials as part of a
concerted effort to track the spread of the disease throughout the
nation. Data on when and where West Nile virus infections occur
is then used to track down the immediate causes of the disease in
hopes of gaining control over the rapidly spreading menace.

What Is West Nile Virus?
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How Is West Nile
Virus Spread?

Chapter 2

T HERE ARE TWO main types of West Nile virus capable of causing
disease. Scientists have identified these two major types, or

lineages, of the virus by using sophisticated gene sequencing tech-
niques. These methods involve chemically separating the virus’s
DNA or RNA strands, the structures which house genes. Once
these strands are separated, the genes on them can be mapped
and sequenced with the aid of a computer. This identifies where
different genes are on the DNA or RNA molecules. Different gene
sequences characterize different lineages of a particular virus.

28
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Investigators have discovered that only one of the two known
lineages of West Nile virus causes human West Nile fever and
West Nile encephalitis, meningitis, and meningoencephalitis. This
group is known as Lineage One. Lineage One virus has been con-
clusively identified as causing West Nile virus outbreaks in Africa,
Europe, Asia, the Middle East, and the United States. The virus
grouping can be further broken down into subtypes, or different
strains, whose genetic sequence may differ slightly, making these
subtypes more or less aggressive or resistant to an immune-system
response. One subtype of Lineage One West Nile virus known as
Kunjin virus has been identified in cases of disease in Australia.

Lineage Two West Nile viruses are not associated with human
disease. This viral group has been found in animals in Africa but
does not appear to play a role in causing infections in humans.

Going Places
Although experts are not entirely sure how Lineage One West
Nile virus suddenly arrived in the United States in 1999, they do
know that birds and mosquitoes are involved in the transmission
of this virus to people and other animals. This leads public health
authorities to believe that either imported birds or infected mos-
quito larvae in internationally shipped cargo were responsible
for the New York City–area outbreak. They have further nar-
rowed down the strain of the virus that invaded the United
States to one that is identical to a strain seen in outbreaks in Ro-
mania in 1996 and in Israel in 1998, so it is likely that the
causative virus in the United States came from one of these two
locations. Scientists at the National Veterinary Sciences Laborato-
ries performed this comparison by sending tissue taken from
dead birds found in New York City to the CDC laboratory in Fort
Collins, Colorado. There, biologists matched the genetic struc-
ture of the West Nile virus found in the bird tissue with samples
sent from Romania and Israel.

Birds to Mosquitoes
In addition to matching the genetic structure of these samples to
determine the strain of the virus, scientists were able to track the

How Is West Nile Virus Spread?
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manner in which the virus was then spread from birds to humans
and other animals. This has led to an understanding of how West
Nile virus causes disease as well as to information about which
strain of the virus is responsible for a particular outbreak.

The infection begins in birds, so they are known as the pri-
mary host. Scientists performing studies in Egypt between 1952
and 1954 first associated birds with the virus when they found
antibodies to West Nile virus in several common species of birds.
Later studies showed that human epidemics of West Nile virus
followed the illness or death of large numbers of birds, and other
research proved that birds are indeed the starting place for the
spread of the virus. More than one hundred species of birds have
been found to carry West Nile virus, which sometimes kills the
bird but often just makes the animal temporarily sick. Studies in
the United States since the 1999 outbreak of West Nile virus have
shown that the birds that survive the infection are mainly re-
sponsible for spreading the virus throughout the nation. “The
virus has spread in the United States along the migratory pat-
terns of birds,”6 say experts at the Mayo Clinic.

There have not been any documented instances of people or
other animals contracting West Nile virus directly from an in-
fected bird, however. Although public health officials caution
that it is unwise to touch a dead or ill bird for other health rea-
sons, they say it is very unlikely that such an act would result in
the transmission of West Nile virus.

While researchers are not sure how birds contract the virus,
they do know how the virus is transmitted to other animals and
people. Once a bird is infected with the virus, the pathogen can be
spread by mosquitoes that bite the infected bird, become infected
themselves, and then pass the infection on to another animal or
person they later bite. This transmission cycle, like the evidence
that birds are the primary hosts for the virus, was first docu-
mented in studies in Egypt between 1952 and 1954. At that time,
scientists showed that four different species of mosquitoes were
capable of transmitting West Nile virus after biting infected birds.
Subsequent research has shown that many other types of mos-
quitoes as well can pass the virus to people and other animals.

West Nile Virus
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Recent evidence has shown that once a mosquito is infected,
the virus does not seem to affect the insect. West Nile virus can
survive inside so-called overwintering, or hibernating, mosqui-
toes that are inactive during the winter months. This is what ex-
perts believe happened during the winter of 2000 in New York,
following the late summer 1999 outbreak in that area. The in-
fected mosquitoes harbored the virus through that winter and
then started infecting people and animals during the summer of
2000 when the mosquitoes became active again.

Birds:
The Primary Host

West Nile virus begins in infected birds and spreads
when mosquitoes bite these birds and then bite people or
other animals. Experts believe migrating birds are pri-
marily responsible for spreading the disease to new ar-
eas. This is why the disease seems to have spread so
rapidly throughout the United States. Evidence that mi-
grating birds are indeed the cause of this transmission in-
cludes the following facts:

• Outbreaks tend to occur in late summer or early
fall, when large numbers of birds begin their mi-
gration patterns.

• Outbreaks tend to center in wetland areas where
large numbers of migrating birds and mosquitoes
are present.

• Antibodies to West Nile virus are found in many
species of migrating birds throughout the world.

• Migrating birds are known to transmit related
viruses in the United States and other areas.
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Once a person or animal other than a bird is infected with West
Nile virus by a mosquito, there is no evidence that an uninfected
mosquito that bites that person or animal can acquire the virus
and pass it along to others. Because infected people and animals
other than birds and mosquitoes do not usually play a role in
spreading West Nile virus, they are known by epidemiologists as
incidental hosts. Mosquitoes, which are necessary for transmit-
ting the virus from the primary host to the incidental host, are
known as the vector. Thus, the usual cycle of transmission is pri-
mary host to vector to incidental host.

How Does the Virus Spread?
After a mosquito bites an infected bird to feed on its blood, it car-
ries West Nile virus in its salivary glands. Then, when it bites a
human or another animal to obtain another blood meal, it injects
the virus into the person or animal’s bloodstream, where it can
multiply and cause disease. There is no evidence that parent mos-
quitoes pass the virus on to their offspring when they lay eggs;

West Nile Virus
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experts believe newly hatched mosquitoes must bite an infected
bird to become infected themselves.

Once the virus has multiplied in the bloodstream of a person
or animal, it does its major damage by crossing the blood-brain
barrier into the central nervous system. The blood-brain barrier
is a mechanism present in people and many animals to prevent
most toxins and pathogens from moving from the blood into the
brain. Biologists believe the blood-brain barrier evolved to pro-
tect the body’s center of thought, behavior, and automatic activi-
ties from being damaged by most poisons and germs in the
environment.

However, the blood-brain barrier is selectively permeable,
meaning that it is designed to allow some substances to enter the
brain. This is necessary so that certain nutrients needed by the
brain are permitted to enter. This selective permeability is
achieved by means of the tightly packed cells that line the small
blood vessels, or capillaries, in the central nervous system. In the
rest of the body, these lining cells have a small space between
each other to allow substances to move freely between the inside
and outside of the capillary. But the tightly packed cells in the

How Is West Nile Virus Spread?
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This inflamed cross section of brain tissue shows evidence of West Nile virus.
The virus does the most damage to the central nervous system.
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central-nervous-system capillaries allow only certain substances
of a small enough size to get through.

Even with the blood-brain barrier, unfortunately, some danger-
ous pathogens and chemicals are able to get into the central ner-
vous system. West Nile virus is one infectious agent that can get
through the barrier. Once inside the brain and spinal cord, it can
cause the inflammation and other characteristics typically found in
cases of West Nile virus infection. The severity of disease in a par-
ticular person or animal is at least partly determined by how much
of the virus gets into the central nervous system to reproduce.

More Mosquitoes, More Disease
The chance of being bitten by a mosquito so that West Nile virus
gains a foothold in the nervous system is, in turn, determined by
the number of infected mosquitoes in a given area. This factor is
influenced by several variables. One variable is, of course, the
number of infected birds that the mosquitoes can bite to begin
the transmission cycle. The more infected birds there are, the
more likely it is that many mosquitoes will become infected.

Large numbers of infected birds are commonly found in areas
near large rivers. Experts believe that rivers played a role in sev-
eral recent West Nile virus epidemics. These epidemics all oc-
curred in the late 1990s, one in Romania in 1996, one in Russia in
1999, and the one in New York in 1999. “All three sites were lo-
cated adjacent to large rivers, presumably providing a favorable
wetland habitat for attracting both resident and migratory species
of wild birds,”7 points out an article in the book West Nile Virus.

Other environmental factors can increase the number of mos-
quitoes and therefore increase the probability of being bitten by
an infected mosquito. Many experts believe human population
growth and its accompanying changes in ecology are largely re-
sponsible for the recent heightened incidence of West Nile virus
throughout the world. With more people come changes in agri-
culture and irrigation practices, and this can increase the amount
of wet breeding areas and hospitable habitats for mosquitoes.
Destruction of forests can lead to further disruptions in the nat-
ural balance of animal and insect life.

West Nile Virus
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Another environmental factor that many public health author-
ities believe has increased the mosquito population is global
warming, the phenomenon in which the entire planet is growing
warmer due to pollution and a host of other contributing con-
ditions. Because mosquitoes thrive best in warm, moist climates,
increases in the temperature or humidity can play a role in 
increasing the number of mosquitoes.

Along with global warming, annual fluctuations in tempera-
ture and rainfall can influence how many mosquitoes appear in
a given location. Warmer winters in particular allow more mos-
quitoes in an area to survive, meaning that during the following
summer and fall, there will be more mosquitoes around to breed
and bite. Heavy rains that leave many areas of standing water
can also mean greater than normal mosquito populations. This is
what authorities believe happened during a 1974 epidemic in a
normally dry region of the Republic of South Africa. Unusually
heavy rains that year created fertile breeding grounds for mos-
quitoes that became infected with West Nile virus. These mos-
quitoes then passed the virus to more than three thousand
people during the largest West Nile virus epidemic that continent
has ever reported.

Public health experts point out that rainfall is not the only
source of water that can provide mosquito breeding grounds.
Any source of standing water can have the same effect, as shown
by the 1996 West Nile virus outbreak in Bucharest, Romania. Au-
thorities have linked this outbreak to run-down conditions in ur-
ban areas where the disease struck. These conditions gave
mosquitoes a place to breed, and the urban setting allowed these
mosquitoes access to plenty of people. As epidemiologists ex-
plained in the book West Nile Virus:

During the epidemic investigation in Bucharest, blockhouses
were commonly found to be in poor general condition, often
with basements flooded with drinking water or raw sewage.
Public corridors commonly harbored large resting populations
of adult Cx. Pipiens [a species of mosquito known to transmit
West Nile virus]. . . . Individual apartments and single family

How Is West Nile Virus Spread?
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homes often lacked window and door screens, and those
screens that were present were often in disrepair.8

Species of Mosquitoes That Transmit
West Nile Virus
Experts say that it is not merely the number of mosquitoes in an
area that determines the likelihood of someone being bitten and
infected with West Nile virus. It also depends on the species of
the mosquitoes present. Some species do not seem to carry West
Nile virus, while others do carry it and are capable of transmit-
ting it to people and animals. Scientists assess which species are

West Nile Virus
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Mosquito traps enable scientists to monitor and identify mosquito populations.
Mosquitoes transmit West Nile virus to people and animals.
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Mosquito Traps
There are several types of mosquito traps used to collect
mosquitoes for identification and prevalence counts. Light
traps are employed most often. These are compact, light-
weight, and contain a small motor, fan, and light with a
photocell powered by batteries. The photocell turns the
light on at dusk and off at daybreak. The light attracts
mosquitoes, which are then blown into a collection net or
jar by the fan. Related to the light trap is the carbon dioxide–
baited light trap, which uses dry ice, or carbon dioxide,
placed in an insulated container, to attract the mosquitoes.
Carbon dioxide is the gas emitted from the mouth when
people and animals exhale; it is this gas that attracts mos-
quitoes to creatures from which they seek blood.

Gravid or oviposition traps are designed to capture
gravid female mosquitoes—those that are ready to de-
posit their eggs. These traps are made of a base reservoir
filled with hay or manure, known to attract these mos-
quitoes. The reservoir is connected to a suction apparatus
that pulls the mosquitoes into a collection carton.

Fay Prince traps are used in the daytime to trap mos-
quitoes active during these hours. They contain contrast-
ing glossy black and white panels that attract the
mosquitoes. These traps also have a container for carbon
dioxide and a suction motor to draw the bugs into a col-
lection bag or jar.

Propane-generated carbon dioxide traps use propane
gas for power and also convert the propane to carbon
dioxide to attract mosquitoes. Some of these traps also
emit heat and moisture so mosquitoes think they are
landing on a warm-blooded animal. A suction device
then draws the bugs into a collection tray.
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or are not capable of carrying the virus by trapping mosquitoes
in special mosquito traps and identifying the species. Then, the
investigators perform laboratory tests to check for the presence
of West Nile virus in the mosquitoes’ salivary glands. If the virus
is found, the scientists then must determine whether or not the
particular mosquito is capable of transmitting the virus to ani-
mals or people it bites. Generally, researchers allow these mos-
quitoes to bite a newborn chicken or other laboratory animal to
see whether or not the animal then contracts West Nile virus.

Experts at the University of California, Davis, point out that
identifying the species that carry West Nile virus is critical for
tracking, predicting, and controlling the spread of the virus
throughout the nation: “As WNV expands its range westward
across North America, examining the transmission potential of
the different mosquito species will help to anticipate patterns of
transmission.”9

Since the 1999 outbreak of West Nile virus in the New York City
area, scientists have found more than twenty-five mosquito species
that carry and transmit the virus. The vector responsible for caus-
ing most cases of the disease is Culex pipiens. Other common vec-

A mosquito bites a human finger. Scientists determine the presence of 
the West Nile virus in mosquitoes by studying their salivary glands.
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tors include Culex salinarius, Culex restuans, Ochlerotatus canadensis,
Ochlerotatus japonicus, Aedes vexans, and Culiseta melanura.

Other Modes of Transmission
Until very recently, experts believed that the mosquito species ca-
pable of spreading West Nile virus was the only mode of trans-
mission from birds to other animals and people. Doctors thought
that the virus could not be passed from humans to other humans
or from animals to other animals. However, recent occurrences
have shown that this is not true; indeed, the virus has been trans-
mitted to people through blood transfusions and organ trans-
plants, through an infected mother’s milk to her nursing baby,
from a pregnant mother to her unborn child, and to laboratory
workers stabbed by needles containing infected tissue.

One instance in which the virus was transmitted via a blood
transfusion involved a forty-seven-year-old man in Michigan.
Ten days after he received a liver transplant and a blood transfu-
sion, he developed a fever and encephalitis. Tests on his cere-
brospinal fluid revealed West Nile virus antibodies. The man
recovered, and the infection was traced to the individual who
donated the blood to him; the same donor also infected three
other blood recipients.

In another recent case, medical investigators identified trans-
planted organs as the source of West Nile virus infections in four
people. All four received organs from an infected donor who
died in an automobile accident in Georgia. One patient, who re-
ceived a kidney transplant, developed a fever, backache, diar-
rhea, rash, and breathing difficulties two weeks after the
procedure. Over the next few days, she experienced a deteriora-
tion in her thought processes and required a mechanical ventila-
tor to breathe. She eventually recovered, but laboratory tests
showed evidence of West Nile virus infection. A male kidney
transplant recipient who developed similar symptoms a few
weeks after his transplant was not so fortunate and died from the
West Nile virus infection. The other two patients who received
organs from the infected donor—a woman who got the liver and
a man who received a new heart—also developed symptoms.

How Is West Nile Virus Spread?
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Laboratory evidence revealed they had West Nile virus, but they
recovered.

Health authorities are taking steps to ensure that this type of
transmission does not occur again; however, at this time, do-
nated organs and blood are not being screened for West Nile
virus. Experts say the risk of contracting the virus via these
routes is extremely small, but they urge caution nonetheless.

Transmission from Mother to Baby
Recent evidence shows that West Nile virus can also be spread
from a pregnant woman to her fetus and from a nursing mother
to her baby. The pregnant woman, a resident of New York, was
hospitalized during the summer of 2002 with fever, headache,
vomiting, and back and abdominal pain. Blood tests revealed the
presence of West Nile virus. When the baby was born three
months later, it had extensive birth defects and its blood had an-
tibodies to West Nile virus, indicating that infection had occurred
and was possibly to blame for the birth defects. Doctors say this
case illustrates the fact that it is critical for pregnant women to
protect themselves against mosquito bites.

A nursing mother in Michigan proved that West Nile virus can
be transmitted through breast milk. Shortly after giving birth, the
mother contracted West Nile virus from a blood transfusion. Lab-
oratory tests showed evidence of the virus in her breast milk, and
her baby’s blood tested positive for the virus three weeks later.
The baby, however, showed no symptoms of the infection. The
American Academy of Pediatrics and the American Academy of
Family Physicians issued a statement saying that women who
have symptoms of West Nile virus should not stop breast-feeding
their infants since the risk of transmission is low.

Danger in the Laboratory
Recent incidents in which laboratory workers contracted West
Nile virus after being lacerated with contaminated instruments
underscored the importance of caution on the laboratory front,
too. In one instance, a microbiologist using a scalpel to remove a
dead blue jay’s brain cut his thumb with the scalpel. Despite the
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fact that the wound was thoroughly cleaned and bandaged, four
days later the microbiologist experienced symptoms of West Nile
virus infection, and blood tests revealed the presence of West
Nile virus antibodies. In another case, a microbiologist working
on mouse brains infected with West Nile virus punctured a fin-
ger with a contaminated needle. Again, despite the fact that the
wound was cleaned well, the man developed symptoms, and
laboratory evidence confirmed that he had West Nile virus. Both
microbiologists recovered from the illness, but the CDC issued
alerts and new regulations for all laboratories involved in work-
ing with the pathogen.

Experts say that these instances of infection through contami-
nated laboratory instruments, blood transfusions, organ donations,
breast milk, and from pregnant mothers to their unborn babies 

A lab worker tests a crow for West Nile virus. Several workers have contracted
the virus after cutting themselves with contaminated instruments.
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illustrate the fact that under certain conditions, West Nile virus can
be transmitted by means other than the usual mosquito-borne
route. They emphasize, though, that there is no evidence that the
virus can be passed through casual contact or just by being near a
person or animal that is infected. All modes of transmission seem
to involve direct inoculation into the body, so there does not ap-
pear to be any reason for concern over “catching” West Nile virus
in the same manner in which colds or flu are caught.

West Nile Virus
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Chapter 3

How Can West
Nile Virus Be
Prevented?

KNOWLEDGE ABOUT THE factors that cause the spread of West
Nile virus has enabled public health agencies to devise

methods to prevent the virus from infecting more people and an-
imals. Since the 1999 outbreak of West Nile virus in the United
States, health officials on the national, state, and local levels have
formulated extensive plans of action to try to contain the current
epidemic and to prevent future outbreaks of the disease.

Prior to the appearance of West Nile virus in the United States,
public health departments did not have trained personnel who
could handle an outbreak of vector-borne disease. But the fed-
eral Centers for Disease Control, along with other agencies like
the United States Department of Agriculture, formulated lengthy
recommendations once the virus posed a widespread threat.
They issued these recommendations to state and local jurisdic-
tions to try to help these departments train the necessary people
and coordinate an effort to be ready when or if the virus became
a local menace. The recommendations included guidance for co-
operation and sharing of information between federal, state, and
local health departments; vector-control agencies; agriculture
departments; and wildlife monitoring facilities. This required a
wide range of specialists, including arbovirologists (experts on
insect-borne viruses), epidemiologists, laboratory experts, vec-
tor-control experts, veterinarians, and physicians, to be educated
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West Nile Virus
in Horses

According to the United States Department of Agricul-
ture (USDA), horses are infected with West Nile virus
more often than any other domestic animal. Some af-
fected horses develop no symptoms, but about one-third
of those that become ill die or must be euthanized. Be-
cause of this, many veterinarians now recommend that
horse owners and breeders have their horses vaccinated
against West Nile virus. Although there is no vaccine
available for humans yet, in 2001 the USDA authorized
use of a new equine vaccine.

Experts suggest that horses be housed in quarters with
screens to reduce their exposure to mosquitoes. There are
also some insect repellents designed for horses that can
be applied to the animals’ skin to protect them from get-
ting bitten by mosquitoes.

A veterinarian prepares to vaccinate a horse against the West 
Nile virus.
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and assigned to programs aimed at controlling this new chal-
lenge to public safety.

Surveillance Efforts
The Centers for Disease Control reports that the first step in pre-
vention and control efforts is surveillance of birds, mosquitoes,
and, in some instances, horses. Because horses are commonly bit-
ten by mosquitoes, they can be used as an index of increased
West Nile virus activity. Horse breeders, owners, and veterinari-
ans in certain areas are therefore being encouraged to report any
instances of horses that get sick or die from West Nile virus.

Surveillance of birds consists primarily of monitoring bird
deaths and illness in a particular area and conducting laboratory
tests to find out if West Nile virus is responsible. Residents have
been encouraged to call public health agencies to report such dead
or ill birds, and, in addition, these agencies are actively sending bi-
ologists and other experts into the field to search for birds that may
be affected. Scientists then bring dead birds to a laboratory and re-
move blood or organs such as the brain to test for the presence of
West Nile virus. They also regularly check blood samples from live
chickens and other birds to see if they carry the virus.

If birds in a particular region are infected, biologists use this as
an indication that West Nile virus is active in the area. This in-
formation is reported to public health agencies so that the next
step in surveillance efforts—the search for nearby mosquito
breeding grounds—may be initiated.

Once biologists locate mosquitoes, they then determine which
species of these insects are spreading the virus. This is achieved
by trapping mosquitoes and larvae, identifying the species, and
then testing for West Nile virus. The scientists who trap and test
the mosquitoes generally keep track of how many mosquitoes
per thousand show evidence of the virus. This is an efficient
method of detecting increases in virus activity; the tests are usu-
ally repeated weekly or monthly, depending on the numbers of
sick or dead birds in an area. If there are large numbers of in-
fected birds, testing on mosquitoes is done more frequently to try
to keep virus outbreaks under control.
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In 2000 in the New York City area, for example, scientists col-
lected more than three hundred thousand mosquitoes and tested
them for West Nile virus using a technique called polymerase
chain reaction. This method of copying DNA enables the investi-
gators to identify a virus present in a sample of living tissue.

Once data shows increases in virus activity, “appropriate and
timely response to surveillance data is the key to preventing hu-
man and animal disease associated with WN [West Nile] and

West Nile Virus
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Polymerase
Chain Reaction

Polymerase chain reaction is a laboratory technique that
enables investigators to identify a virus or other living or-
ganism by its DNA fingerprints. The procedure was de-
veloped in 1985 by chemist Kary Mullis, who received a
Nobel Prize for his work. It is sometimes called DNA am-
plification because it entails replicating a DNA segment
to produce a large sample that can easily be analyzed.

The technique begins by immersing DNA in a solu-
tion that contains the enzyme DNA polymerase, a series
of DNA’s chemical building blocks known as nu-
cleotides, and primers that bind with the ends of a DNA
segment. The solution is heated to break apart the DNA
strands. When it cools, the primers bind to the sepa-
rated strands and the DNA polymerase builds new
strands by joining the primers to the nucleotides. The
process is repeated so that billions of copies of a small
piece of DNA can be fabricated in several hours. The
procedure produces a large enough sample of DNA for
scientists to identify the organism from which it came.
They have used this technique to identify West Nile
virus in blood and tissue samples.
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other arboviruses. That response must be effective mosquito con-
trol without delay; if increasing levels of virus activity are de-
tected in the bird or mosquito surveillance systems,”10 according
to the federal Centers for Disease Control.

Mosquito Control
Mosquito control can be accomplished in several different ways.
These techniques can focus on any of the four stages of mosquito
development. After a female mosquito obtains a blood meal from
a person or animal, she lays her eggs in stagnant water or in an-
other wet place. The eggs hatch after about two days, and larvae
emerge. The larvae live in water and develop into a third state
known as the pupa after one to two weeks. A young mosquito

The polymerase chain reaction test copies mosquito DNA to determine
whether certain populations carry the West Nile virus.
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lives in the pupa for one to four days. Then a mature mosquito
crawls out of the pupa and flies away.

Female mosquitoes can lay eggs every ten to fourteen days
during their lifetime, so ongoing efforts at eradication must be
targeted toward a rapidly reproducing population of insects. One
method of eradication uses mosquito traps containing substances
that attract mature mosquitoes. Once the insects are trapped,
they are destroyed with poison. Another method involves drain-
ing standing water or marshes where mosquito eggs, larvae, and
pupae grow. Without water, mosquitoes in these stages of devel-
opment will die. Still another method of eradication involves 
biologists placing mosquito-larvae-eating fish such as gambusia
into marshes or other wet breeding areas.

The most prevalent method of mosquito control uses insecti-
cides to kill these insects or their larvae. These chemicals can be

A farm worker sprays insecticide over an open lawn to control the mosquito
population.
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applied by a licensed contractor either using ground-based
trucks or airborne hovercraft. The trucks drop or spray insecti-
cides over a carefully targeted area; hovercraft airplanes are used
to spray the substances over larger areas containing mosquito
breeding grounds. The insecticides can be in the form of liquids,
granules, or solids, depending on the particular situation. If a
particular location is windy, for example, exterminators will use
granules or solids because they are less likely to blow through
the air and expose people and animals to the poison.

Although chemicals used to destroy mosquitoes and their lar-
vae must comply with state and federal safety regulations, they
can still be dangerous to humans and animals. For this reason,
most experts employ these methods of eradication only when it
is absolutely necessary to protect the public’s health.

Individual Measures to Prevent Mosquito Bites
These mosquito-control techniques applied by contractors and
biologists are only some of the measures that can be taken to pre-
vent mosquito bites. Experts say there are also several things that
individuals can do to reduce the number of mosquitoes in an
area and to avoid being bitten.

Doctors recommend using insect repellents applied to the skin
as the best method of keeping mosquitoes away from people.
Studies have shown that repellents containing the compound
known as DEET make the skin smell unattractive to the insects
and therefore provide the best protection. These repellents
achieve this end by blocking smell receptors on the mosquitoes’
antennae. Normally, mosquitoes are attracted to people and ani-
mals because of odors on the skin and by the smell of carbon
dioxide, the gas that comes out of the mouth or nose when the
lungs exhale. Female mosquitoes then bite people and animals
because a protein in the blood they eat helps develop mosquito
eggs. Male mosquitoes do not need this protein, so they do not
feed on humans or animals.

In a recent study reported in the New England Journal of Medi-
cine, investigators found that products with a 23.8 percent con-
centration of DEET gave complete protection from mosquito bites
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for about three hundred minutes, compared with about ninety-
five minutes for a soybean-oil-based product, about twenty min-
utes for a product containing the chemical IR3535, and less than
twenty minutes for other plant-based repellents such as citronella,
cedar, eucalyptus, peppermint, lemon grass, and geranium oils.
The study found that wristbands marketed as insect repellents of-
fered no protection whatsoever. Neither did devices that emit
sounds that manufacturers claim are aversive to mosquitoes.

Doctors caution that the true effectiveness of any insect-repellent
product varies somewhat according to an individual’s skin chem-
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A lab worker applies mosquito repellant to his skin. Repellants make human
skin smell unattractive to mosquitoes.
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istry, the outside temperature, humidity, wind speed, and how
much the person sweats. However, among all the repellents
tested in this research, products containing DEET consistently
provided more protection than other products.

Many people are worried about applying a dangerous chemi-
cal like DEET to the skin, but physicians say that adverse reac-
tions are rare when the substance is used according to package
directions. Using too much DEET can be toxic, though, so it is im-
portant to use only the recommended amount. This amount de-
pends on the concentration of the compound—for example, a
product containing 23.8 percent DEET provides about five hours
of protection and should not be reapplied more frequently unless
it is washed off by rain, swimming, or perspiration. A product
with a 20 percent DEET concentration gives about four hours of
protection, a 4.75 percent concentration provides about one and
one-half hours of protection, and so on.

Other Precautionary Measures
In addition to wearing insect repellent when mosquitoes are ac-
tive, experts say there are several other measures people can take
to avoid mosquito bites. One is avoiding places where mosqui-
toes gather, such as areas with stagnant water. Another is staying
indoors at dawn, dusk, and early evening when mosquitoes are
most likely to bite. A third is not wearing perfumes or lotions that
may attract these insects.

Wearing protective clothing can also help. Long pants, long
sleeves, shoes, and socks may not be comfortable in the sum-
mertime, but are important during times when mosquitoes are
out. Clothing can also be sprayed with repellents containing
DEET or the chemical permethrin to prevent mosquitoes from
biting through clothing. Doctors caution, however, that sub-
stances with permethrin should never be sprayed on the skin.

Although public health officials assert that it is critical to take
steps to avoid mosquito bites, they also point out that it is not
necessary or desirable to panic and stay indoors all day during
warm or hot weather. During the 1999 West Nile virus outbreak
in the New York City area, many people became alarmed about
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being outdoors at all, as revealed in an article published by the
American Academy of Pediatrics: “When West Nile virus broke
out in New York City, callers flooded public health phone lines
asking questions such as whether children should play outdoor
soccer. Those bitten by mosquitoes rushed to emergency depart-
ments. Schools cancelled outdoor field trips.”11 Since West Nile
virus is still relatively rare, though, and the chances of catching it
from a mosquito bite are not overwhelming, doctors say that ex-
treme measures such as these are not needed. They do emphasize
that wearing insect repellent and trying to stay indoors during
peak mosquito activity hours are prudent practices that should
become a part of everyday life now that the threat of the disease
is here. During the month following the New York City outbreak,
health officials distributed more than 300,000 cans of DEET-
based mosquito repellents through local fire stations and handed
out more than 750,000 information leaflets about mosquito pro-
tection to help allay some of the widespread panic and to inform
the public about mosquito protection practices.

Measures for Protection Around the House
Besides exercising care in protecting peoples’ bodies from mos-
quito bites, public health authorities say there are also things to do
around residences or businesses to cut down on mosquito assaults.
Draining standing water in the yard is one thing that can reduce
the chances of mosquitoes breeding in the vicinity. In addition, the
Centers for Disease Control recommends the following:

At least once or twice a week, empty water from flower pots,
pet food and water dishes, bird baths, swimming pool covers,
buckets, barrels, and cans. Check for clogged rain gutters and
clean them out. Remove discarded tires, and other items that
could collect water. Be sure to check for containers or trash in
places that may be hard to see, such as under bushes or under
your home.12

It is also recommended that window and door screens be
checked to make sure they are secure and do not have holes. This
prevents any mosquitoes from getting indoors. Placing mosquito

West Nile Virus
52

~West Nile Virus (D&D)  7/8/03  3:02 PM  Page 52



netting over infant carriers or buggies while outdoors is also a
prudent practice, and replacing outdoor lights with yellow lights
that do not attract bugs is recommended as another method of
keeping mosquitoes away.

Preventing the Spread of West Nile Virus 
Through Transfusions and Organ Donations
Mosquito surveillance and eradication are not the only fronts 
on which public health experts are focusing their efforts to con-
tain the spread of West Nile virus. Since doctors have discovered
that the virus can be transmitted through blood transfusions and
organ donations, the U.S. Food and Drug Administration (FDA)
has issued guidelines on screening donor applicants to try to pre-
vent the spread of West Nile virus through these avenues. But be-
cause only about 20 percent of infected persons show symptoms,
authorities acknowledge that until laboratory screening tests 
are available for widespread use, it will be difficult, if not impos-
sible, to prevent donors who have West Nile virus from donating
blood or organs.
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Experts now hope to develop laboratory screening tests ap-
propriate for use at blood donation sites in the near future.
“Laboratory screening tests to detect donor infections with West
Nile virus will be needed if the epidemic persists,” states a guid-
ance document issued by the FDA. “Our current thinking is that
we would recommend routine use of licensed donor screening
tests to detect acute donor infections with West Nile virus once
such tests are available. If necessary, we would allow widespread
use of appropriate tests under an Investigational New Drug Ap-
plication.”13 The FDA has the authority to allow new diagnostic
medical procedures such as screening tests to be used before they
have gone through the normal lengthy testing protocols if they
deem it essential in emergencies like this epidemic. The organiza-
tion has pledged to work with drug companies to make such a
screening test available as soon as possible, and several compa-
nies are reportedly trying to develop such a test.

Until a screening test is available, the FDA has advised blood
banks to turn away potential donors who have a fever or other
symptoms indicating that they may have West Nile virus. How-
ever, authorities have stated that people who were previously in-
fected but recovered can probably give blood if it has been
several months since the infection went away.

West Nile Virus
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In late 2002, the FDA also warned blood banks that blood and
blood products frozen for later use should not be used if the
blood was taken during a West Nile virus outbreak in a particu-
lar area. This meant that blood banks throughout the nation had
to quarantine more than thirty thousand pints of plasma, the liq-
uid part of blood routinely frozen for future use. The American
Red Cross and America’s Blood Centers, the major blood suppli-
ers in the United States, have imposed the quarantine on frozen
blood products collected between a week before each state’s first
case of West Nile virus and a week after the last documented case
during a seasonal outbreak.

Special Laboratory Precautions
Since the recent West Nile virus infections of several laboratory
workers due to being stabbed with contaminated needles or
scalpels, public health officials have also emphasized stringent
guidelines for laboratories that handle this pathogen. The U.S.
Department of Health and Human Services, the Centers for Dis-
ease Control, and the National Institutes of Health are responsi-
ble for formulating rules and guidelines for laboratories that use
a variety of dangerous pathogens for testing and research. These
agencies classify hazardous germs according to the precautions
necessary to protect laboratory workers and others from these
harmful agents.

Regulations for handling infectious agents are divided into
four levels based on how dangerous the pathogen is and on how
it can be transmitted to people. Biosafety Level Four (BSL4) reg-
ulations are devised for working with the most dangerous
pathogens. West Nile virus is classified as a Biosafety Level Three
(BSL3) agent because it is considered a serious threat.

Biosafety regulations exist not only to protect laboratory
workers but also to ensure that the infectious agent does not
leave a laboratory to endanger those outside. This requires that
the infectious agent and anything that touches it be confined to a
secure place inside the laboratory.

Methods of ensuring safe handling of infectious materials with-
in a confined space are referred to as containment. “The purpose
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of containment is to reduce or eliminate exposure of laboratory
workers, other persons, and the outside environment to poten-
tially hazardous agents . . . the three elements of containment in-
clude laboratory practice and technique, safety equipment, and
facility design,”14 explain federal health authorities at the U.S.
Department of Health and Human Services, the Centers for Dis-
ease Control, and the National Institutes of Health.

Containment regulations for BSL3 agents include comprehen-
sive training for personnel so they are aware of the regulations
and have plenty of experience using the required safety equip-
ment and techniques. Such practices also include careful decon-
tamination of anything, including air, that may have touched the

West Nile Virus
56

Because West Nile virus is classified as a Biosafety Level Three (BSL3) agent,
lab workers must wear protective clothing and handle the virus in an enclosed
container.
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pathogen; minimal use of needles, scalpels, or other tools that
might puncture a worker’s skin; not allowing any food or drink
in the laboratory area; and not allowing any air to get out of the
containment area.

Special equipment required for BSL3 containment includes
protective clothing such as disposable masks, gloves, gowns,
booties, and eye shields so the virus cannot be touched or inhaled
in any manner. Handling of anything that touches the virus must
be done in a biological safety cabinet. This is an enclosed con-
tainer that has its own ventilation system so nothing the
pathogen touches can get out. All work inside the safety cabinet
is performed through attached arm-length rubber gloves.

Facility design regulations for BSL3 pathogens require that all
surfaces be constructed so that they may be decontaminated fre-
quently; the laboratory must have self-closing double doors sep-
arating it from outside areas; and the ventilation system must be
outfitted so that any air going into the laboratory must not be al-
lowed to get out.

Even with all these precautions, several laboratory workers
have been infected with West Nile virus due to unfortunate acci-
dents. Still, authorities hope the stringent regulations will help re-
duce the chances of infection for anyone who works with the virus
and protect everyone outside from possible contamination as well.

The Goals of Prevention
The goal of all these preventive measures, whether in laborato-
ries, blood banks, or in people’s backyards, is, of course, to try to
control the spread of West Nile virus throughout the United States.
Because the disease is so new to this country, data on how well
these measures are working is not yet available. However, public
health officials hope that educating people about actions to pre-
vent transmission of the virus will soon result in a reduced inci-
dence of infection.
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Chapter 4

ONE REASON THAT health experts emphasize prevention of West
Nile virus is that at the present time there is no specific

treatment for the illness. That is, there are no known medications
or therapies that can eradicate the virus. Antibiotics, used to
treat bacterial infections, are ineffective against viruses. Several
patients hospitalized with West Nile virus–related fever, chills,
body aches, encephalitis, or meningitis have been given antibi-
otics before doctors knew they had West Nile virus, and these
medications did not help the patients’ conditions. Doctors have
also tried using ribavirin and interferon on patients severely ill
with West Nile virus infection. Ribavirin is an antiviral medica-
tion that kills West Nile virus in a laboratory test tube and is ef-
fective against several other flaviviruses in humans. Interferon is
a natural immune-system chemical that can be used to
strengthen the immune response to an invading pathogen. How-
ever, these medications did not help the patients, and in some in-
stances, they made conditions worse.

Although ribavirin and interferon did not help the West Nile
patients to whom they were given, the National Institute of Al-
lergy and Infectious Diseases, which is sponsoring much re-
search aimed at conquering West Nile virus, says that “[These]
drugs may be effective against West Nile virus because the in-
fection is typically not chronic and antiviral drugs have been
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identified to be effective in vitro [in a laboratory test tube]
against other flaviviruses.”15 Therefore, experts emphasize that
controlled scientific studies and clinical trials on antiviral agents
are needed before any conclusions can be reached on whether or
not they may be useful in treating West Nile virus. Such studies
are also under way on entirely new drugs that might be useful in
the battle against the virus.

Clinical Trials and Controlled Studies
Investigations on new drugs to treat West Nile virus begin in a
laboratory, where researchers initially test these substances in
a test tube or a culture dish to see if they are effective in killing a
pathogen. Then compounds that show promise are tested on lab-
oratory animals for safety and effectiveness.

Although interferon is effective in reducing brain inflammation and damage
from Saint Louis encephalitis, it has not yet been approved to treat West 
Nile virus.
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Ribavirin, Interferon,
and West Nile Virus

The antiviral drug ribavirin has not yet been proven 
effective or ineffective against West Nile virus in people.
But in a laboratory test tube, high doses of the drug 
resulted in reduced levels of the genetic material of the
virus in infected cells. The drug also decreased cell
damage due to West Nile virus infection.

Ribavirin has been used to successfully treat yellow
fever and Japanese encephalitis, two diseases caused by
flaviviruses related to West Nile virus. For this reason,
researchers are hopeful that it will also prove to be 
effective against West Nile virus when tested in actual
patients. It can have serious side effects, such as causing
a condition called anemia, so its use must be carefully
monitored.

Ribavirin is sometimes used in combination with 
interferon, a man-made version of one of the body’s
natural defenses against viruses and other pathogens.
In other cases, the two drugs are administered sepa-
rately. By itself, interferon has been shown to signifi-
cantly reduce brain inflammation and damage from
Saint Louis encephalitis virus in people. Researchers
believe it may be useful in combating West Nile virus
either separately or in combination with ribavirin. Like
ribavirin, though, interferon can have serious side ef-
fects, including flulike symptoms and a decrease in 
infection-fighting blood cells, so it too must be admin-
istered very carefully.
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Sometimes such laboratory tests are performed on existing
drugs, such as ribavirin and interferon, that have proven to be ef-
fective against other diseases. These medications have already
been marketed for use with other diseases, but before they are
approved to treat West Nile virus, they must prove effective
against West Nile virus in a test tube.

Once a drug passes these laboratory and animal tests, the re-
searcher can apply to the federal Food and Drug Administration
(FDA) to begin clinical trials on humans. These trials are gener-
ally sponsored by a research institution such as the National In-
stitutes of Health or by a pharmaceutical company. They are set
up at numerous hospitals and clinics throughout the nation. Pa-
tients can find out about and enroll in clinical trials through their
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A patient receives an injection in a clinical trial to determine the effectiveness
of a West Nile virus vaccine.
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Some Drugs That May 
Be Effective Against 

West Nile Virus
Dr. John Morrey and his colleagues at the Utah State
University Institute for Antiviral Research have tested
many chemical compounds against West Nile virus in
the laboratory. Recently they identified six drugs that
were effective against the virus in laboratory cultures.
The drugs included 6-azauridine, 6-azauridine triac-
etate, cyclopentenylcytosine, mycophenolic acid, 2-thio-
6-azauridine, and pyrazofurin. Each acts in some manner
to interfere with the workings of viral cells and there-
fore renders the virus incapable of causing disease. The
researchers indicated that further laboratory testing is
needed before any of the drugs can be evaluated as pos-
sible treatments in people and animals.

physicians or through sponsoring agencies. All participation is
voluntary with the understanding that the experimental drug
may or may not help.

Rules and regulations governing clinical trials are developed
and enforced by the FDA in the United States and by compara-
ble organizations in other countries. Each clinical trial generally
proceeds through three mandatory phases before a drug can be
approved for marketing and widespread use.

In the preliminary, or Phase 1, studies, a small group of pa-
tients, usually no more than twenty, receives the new drug to de-
termine safe and effective doses and to check for adverse effects.
In Phase 2, also known as the pilot phase, a larger group of pa-
tients, perhaps as many as one hundred, are given the drug. If
the medication does not appear to be beneficial, the clinical trial
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may be halted and the drug rejected or sent back to the labora-
tory for improvement. If, on the other hand, the drug gives dra-
matic results and has few or no adverse effects, the FDA may
assign it a so-called fast-track status, where some of the lengthy
testing requirements are waived so the drug becomes available
sooner to people who need it.

In Phase 3, or the control phase, hundreds or even thousands
of patients are enrolled and randomly assigned to either an 
experimental or a control group. People in the experimental
group receive the new drug, but those in the control group are
given a placebo, an inactive substance that appears to be authen-
tic. Results from the control group indicate to statisticians
whether any positive effects in the study are due to patients’ ex-
pectation of success rather than to the medicine itself. Patients
are not informed which group they are in.

Once Phase 3 is completed in a satisfactory manner, the FDA
may approve the new treatment for marketing. Sometimes fur-
ther studies known as Phase 4 postmarket studies are conducted
to learn more about long-term effects or to recheck any question-
able data from earlier trials.

Patients who are severely ill with West Nile virus need treat-
ment immediately, so sometimes all these lengthy new-drug test-
ing requirements seem to prevent those who need a drug from
receiving it except on an experimental basis. However, the FDA
requires such rigorous testing before approving a drug because
many new compounds end up causing adverse effects.

Drugs Under Investigation
In addition to beginning controlled clinical studies on existing
antiviral drugs against West Nile virus, researchers are experi-
menting with entirely new chemical compounds to treat the
virus. Dr. John Morrey of Utah State University Institute for An-
tiviral Research in Logan, for example, has developed a tech-
nique of screening large numbers of chemical compounds that
might be effective. Morrey has already tested hundreds of sub-
stances in hopes of finding one that will do well against West
Nile virus.
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Another area of drug-related research is looking at chemicals
that might be able to compensate for a missing protein discovered
by investigators at the Pasteur Institute in Paris, France. These re-
searchers have been studying a protein found in some mice that
prevents the virus from reproducing inside the brain. In this re-
search, scientists genetically alter a mouse’s brain to block this
protein, enabling the virus to replicate. A mouse whose protein is
blocked tends to die quickly from West Nile virus. Although no
one knows whether or not the protein is normally present in hu-
mans, experts believe that further knowledge about it could lead
to important new treatments. “The most promising thing about
this [Pasteur Institute] study is that it could help lead to a drug
that would restore the missing protein and give patients protec-
tions against replications of the virus,”16 said Catherine A. Laugh-
lin of the National Institute of Allergy and Infectious Diseases.

Supportive Therapy
Until investigators are able to test and find drugs effective
against West Nile virus, the only treatment available is known as
supportive therapy. This involves doing what is necessary to con-
trol symptoms and make the patient as comfortable as possible,
much like influenza or colds are treated. If the person has fever
and aches and pains, for example, medications like aceta-
minophen, which lowers fever and reduces pain, are adminis-
tered. Patients are advised to drink plenty of fluids and to rest in
bed until the body’s own immune system can fight off the infec-
tion so recovery can begin.

For people who experience more severe illness from West Nile
virus infection, supportive therapy may involve more drastic mea-
sures such as being hospitalized and receiving intravenous fluid
and medications, assistance with breathing, and drugs necessary
to prevent secondary infections like pneumonia from starting.

Patients hospitalized with encephalitis, meningitis, or menin-
goencephalitis often require extensive supportive therapy that
includes medications to reduce swelling in the brain, drugs to di-
minish seizures, sedatives to treat restlessness or agitation, and
pain and fever relievers like acetaminophen. Doctors give such
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patients intravenous fluids to keep them hydrated and to help
flush out the infection. They are also given as much nutrition as
they are able to consume or, if unable to eat, are fed through a
feeding tube inserted into the stomach.

If encephalitis causes confusion or disorientation, psychiatric
care and medications may be needed to treat these symptoms. If
paralysis is present, the patient may need physical therapy, occu-
pational therapy, and speech therapy after recovery from the
acute phase of the illness. This acute phase can last anywhere
from a few weeks to several months. Physical therapy is per-
formed by a licensed physical therapist and involves exercises
and stimulation to help retrain muscles that were paralyzed or
extremely weakened. Some patients must learn to walk again or
to use other muscle groups that were temporarily out of com-
mission. Occupational therapists help people relearn how to per-
form everyday tasks such as eating, dressing themselves, or
bathing that they may have lost the ability to do while extremely
ill. Speech therapists may be needed to help a person learn to

Physical therapy helps to retrain muscles that have been weakened or
paralyzed by West Nile virus.
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speak again after being paralyzed if the muscles or brain centers
used in speech are affected.

Some patients who develop severe complications from West
Nile virus may require even more extensive supportive therapy.
One sixty-nine-year-old New York man, for example, was hospi-
talized with fatigue; poor concentration; and weakness, numb-
ness, and tingling in his arms and legs. This progressed to the
point at which he was no longer able to walk. Doctors diagnosed
him with Guillain-Barré syndrome, which his physicians be-
lieved was triggered by a West Nile virus infection.

The patient was placed in the intensive care unit of the hospital
where he was admitted. Soon his weakness increased, and he be-
came unable to breathe. He was placed on a mechanical ventilator
and given plasmapheresis treatments. Plasmapheresis is a com-
mon method of treating Guillain-Barré syndrome. It consists of re-
placing the plasma—the liquid portion of blood—intravenously
using a sophisticated filtering machine. The goal of this proce-
dure is to free the body of any impurities in the plasma that are
causing the Guillain-Barré condition. In this man’s case, the
plasmapheresis did not seem to help. Doctors administered in-
travenous gamma globulin, an immune protein, to try to bolster
his immune system to fight the infection. This did not seem to
help either. The patient developed pneumonia in his lungs, which
required treatment with antibiotics. Then he developed blood
clots in his legs, so doctors administered blood-thinning medica-
tions. After ten weeks in the intensive care unit, his condition sta-
bilized to the point that he was able to be transferred to a nursing
home, where he continued to be fed through a stomach tube un-
til he could eat on his own. Although he was gravely ill, this pa-
tient did recover and was eventually able to go home.

Recovering from West Nile Virus Infection
Many patients who are severely ill from West Nile virus do not
recover and eventually die from the illness. Others get better but
suffer permanent impairments of muscle control, memory,
speech, vision, hearing, or sensation that must be dealt with for
the rest of their lives. Older adults in particular are likelier to die
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from the disease, but some experts say that those who survive
have a good chance of not having lasting disabilities. “In older
adults, West Nile virus carries a high death rate—about one in
five people—but the outcome is favorable for the survivors,”17

says Dr. Yitsal N. Berner, a lead researcher in a recent study in 
Israel. The investigators in this study discovered that 88 percent

Although older individuals are most likely to die from West Nile virus, those
who survive rarely suffer lasting disabilities.
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of the older adult survivors returned to their previous level of
functioning after their recovery.

However, another recent study in New York found that 67 per-
cent of the people hospitalized with West Nile virus still reported
aftereffects like fatigue as much as one year after leaving the hos-
pital. Fifty percent had ongoing memory loss, 49 percent had dif-
ficulty walking, 44 percent had muscle weakness, and 38 percent
were depressed after the same length of time. The patients in this
study had been hospitalized for two to forty-seven days due to
West Nile virus encephalitis, meningitis, or meningoencephalitis.
Some were able to go home after being released from the hospital,
but some had to be put in long-term care facilities. Even among
those patients who were able to go home, several required physi-
cal therapy, occupational therapy, and speech therapy.

The differences in findings between the study in Israel and the
one in New York may be due to the fact that, in general, people
in areas where West Nile virus has been around for a long time
do not experience as severe a degree of illness as do those where
the virus is newly arrived. This may, in turn, explain why the af-
fected people in Israel, where the virus has been present for
many years, did not seem to have as many difficulties living with
the aftermath of West Nile virus. In New York, more serious ill-
ness in the majority of the patients could then translate into less-
complete recoveries.

Recovery and Previous Illness
Another factor that can influence how much effect West Nile
virus has on a person’s ability to recover and function is the pres-
ence of previous illness. Joan, for example, was weakened both
by cancer and by cancer treatment when she was bitten by a mos-
quito and developed West Nile virus. She initially experienced a
fever and mental confusion, which progressed to a comatose
state. The fifty-five-year-old woman was hospitalized in an in-
tensive care unit, diagnosed with encephalitis, and placed on a
ventilator. For more than two months she was unable to talk,
move, breathe, or eat, even after emerging from her coma. Fi-
nally, after doctors inserted a breathing tube in her neck, she was
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able to breathe without a ventilator. At a rehabilitation center, she
began her recovery, which doctors said would include speech
therapy, physical therapy, and occupational therapy. Whether she
will ever recover fully is unknown, though chances are that she
will experience permanent disability. “Many of these patients
who get these serious encephalitis symptoms don’t return to their
baseline state and many have severe long-term complications,”18

says Dr. Lyle Petersen, a Centers for Disease Control expert on
West Nile virus, in comments about the woman’s condition. This
is especially true when the patient had a previous illness that
weakened him or her before the West Nile virus struck.

Because West Nile virus is still so new in the United States,
doctors in this country acknowledge that they lack the firsthand
experience to make reliable predictions on whether or not pa-
tients will recover fully from the effects of a serious case of the
disease. It will take some time to fully assess the long-term effects
and the issues that patients affected by these complications will
face in living with the aftermath of a West Nile virus infection.
Until more studies on West Nile virus patients are completed, ex-
perts rely primarily on reports from elsewhere in the world and
on knowledge of how people with serious cases of encephalitis
or meningitis caused by other infections respond.

Treatment and Living with West Nile Virus
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Chapter 5

THE ARRIVAL OF West Nile virus in the United States and the
fact that there is currently no treatment to cure the disease

have presented a huge challenge for health care experts through-
out the country. Since the initial outbreak of the disease in 1999
and since its spread throughout the nation, researchers have
been hard at work trying to find out how West Nile virus got
here and how to prevent or control future outbreaks.

The federal Centers for Disease Control and the National Insti-
tute of Allergy and Infectious Diseases are overseeing a massive
effort by a range of scientists to understand the spread of West
Nile virus and to develop new methods of treating and prevent-
ing the disease. A recent Centers for Disease Control report lists
several high priority research projects for the present and future.

One area of investigation involves studies on how and where
the disease spreads. This includes assessments of current and fu-
ture geographic distribution, studying bird migration to deter-
mine how this affects the spread of the disease, and pinpointing
how West Nile virus got into the United States. It also includes
studies on the types of mosquitoes that spread the disease, how
to control them, and how pesticides used to control them affect
humans and animals. Another avenue of research focuses on
identifying risk factors for developing severe illness from West
Nile virus, studying the virus itself to find out what makes dif-
ferent strains more or less dangerous, and improving laboratory
tests for diagnosing the disease. Other research addresses meth-
ods of prevention and treatment including the development of a
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A Major 
Environmental Concern

One major concern about West Nile virus in addition to
its effect on humans is its effect on domestic animals
and wildlife. In the United States, the virus has spread
to many species of animals, including horses, cats, dogs,
raccoons, bats, chipmunks, skunks, squirrels, and rab-
bits, since its arrival in 1999. In late 2002 the virus was
also discovered for the first time in a North American
reptile. Scientists found evidence of West Nile virus in
three farm-raised Florida alligators. Veterinarians tested
the animals after an unusual number of deaths at the al-
ligator farm and postulate that the alligators got the
virus the same way other animals and people get it—
through the bite of an infected mosquito.

Public health experts have alerted alligator farmers
to watch for unusual behavior or frequent deaths in
their animals and to have them tested if such events
occur. However, they have assured people who eat al-
ligator meat that even infected animals are unlikely to
pass the virus to humans because cooking kills West
Nile virus.

safe vaccine for humans and animals. Still other investigations
look at the long-term effects of West Nile virus on wildlife and
on the central nervous system of people and animals.

To achieve these objectives, a variety of specialists are work-
ing together. These include arbovirologists; epidemiologists; lab-
oratory technicians; vector-control specialists; wildlife biologists;
and federal, state, and local public health and agriculture offi-
cials. Hundreds of research projects are under way in several
main areas of research.

~West Nile Virus (D&D)  7/8/03  3:03 PM  Page 71



Research on Transmission and 
Environmental Factors
Current projects concerning factors that lead to the spread of
West Nile virus are important because they contribute to efforts
aimed at prevention, control, and treatment of the virus. “The
overall objective of this basic research is to develop the knowl-
edge and public health tools needed for the United States to com-
bat West Nile virus,”19 say research authorities at the National
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Dr. Dov Borovsky is renowned for having developed a protein which causes
mosquito larvae to starve to death. This helps contain the spread of West 
Nile virus.
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Institute of Allergy and Infectious Diseases, the division of the
National Institutes of Health that is overseeing the majority of
the West Nile virus research in this country.

One area of research focuses on how West Nile virus came to
the United States and on why it seems to be increasing in activ-
ity elsewhere in the world. Although experts believe that the
virus most likely arrived in this country via an infected bird or
mosquito that came on a plane or ship, they are not sure and are
searching for clues to find out. This is especially important be-
cause other flaviviruses such as dengue virus and Japanese en-
cephalitis virus also seem to be spreading to places where they
were previously not found. “The United States is not alone in re-
porting new or heightened activity in humans and other animals,
and incursions of flaviviruses into new areas are likely to con-
tinue through increasing global commerce and travel,”20 say Drs.
Lyle R. Petersen and John T. Roehrig of the Centers for Disease
Control. If scientists can find out how this is happening, steps can
then be taken to control the spread of these pathogens.

Other research on the transmission of West Nile virus focuses
on studying migrating birds to see if they will spread the virus
into areas of the Western Hemisphere where it has not yet been
seen. One study supported by the International Centers for In-
fectious Disease Research is looking at whether birds that mi-
grate from the New York City area to the Yucatán Peninsula in
Mexico will spread the virus to that region of the world. “The
emergence of West Nile virus in these new areas, which harbor
abundant mosquito populations, could set up conditions for a
potentially severe epidemic,” state experts at the National Insti-
tute of Allergy and Infectious Diseases, who add that “Wild birds
and chickens in the Yucatan Peninsula are being examined for ev-
idence of exposure to West Nile virus.”21

Other researchers investigate new methods of destroying mos-
quitoes and mosquito larvae as a way of halting the spread of
West Nile virus. Dr. Dov Borovsky of the University of Florida’s
Medical Entomology Laboratory in Vero Beach, for instance, has
developed a new protein that causes mosquito larvae to starve to
death. He is scheduled to begin testing the substance outside the
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laboratory in the near future. Mosquito-control experts consider
killing mosquito larvae to be the best way of controlling these in-
sects because it is easier to target them during this stage of de-
velopment before they begin to fly.

The protein is called trypsin modulating oostatic factor, or
TMOF. It occurs naturally in mosquito ovaries and serves to stop
the development of mosquito eggs. Borovsky and his associates
synthesized TMOF in a laboratory, injected it into female mos-
quitoes, and found that it did not allow the mosquitoes to digest
a blood meal, thereby preventing their eggs from growing. The
substance had the same effect on mosquito larvae; it literally
caused them to starve to death. The researchers hope that TMOF
will prove to be an effective way of killing mosquito larvae when
applied outside the laboratory as well. They are optimistic that,
if effective, it will be an important new method of control, in
large part because it does not appear to harm the environment or
other animals.

Research on the Virus Itself 
and How It Causes Illness
One important area of research on West Nile virus is looking at
which proteins enable the virus to cause disease. Recent investi-
gations at the University of Pennsylvania School of Medicine in
Philadelphia, for instance, have demonstrated that the capsid
(the outer protein layer) portion of the virus is responsible for
causing inflammation and death in mouse brain cells. If re-
searchers can prove that this element of the virus is primarily re-
sponsible for disease symptoms, it may then be possible to target
prevention and treatment strategies at this particular protein.

In related research, investigators study how the virus causes
an immune response in the central nervous system. One group of
researchers at Washington University School of Medicine in Saint
Louis, Missouri, found that in mice, antibodies and B cells are
critical in this process. B cells are a type of white blood cell im-
portant in the body’s immune defense system. It appears that
they and certain antibodies play a big role in determining which
animals are able to fight off a West Nile virus infection and which
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ones succumb to the disease. The investigators hypothesize that
a similar process occurs in humans. Such research can lead to an
understanding of new methods of treating the disease. For ex-
ample, researchers can focus on developing ways of stimulating
B cells and certain antibodies if these cells turn out to be the main
elements involved in fighting off West Nile virus infections.

Scientists at the National Institute of Allergy and Infectious
Diseases study viruses related to West Nile virus to gain a better
understanding of immunity to the disease. In hamsters and mon-
keys it appears that prior infection with the related Japanese en-
cephalitis virus, Saint Louis encephalitis virus, dengue virus, and
yellow fever virus gave the animals partial or total immunity to
West Nile virus. However, another recent study on humans given
Japanese encephalitis or dengue virus vaccines found that these
people did not have immunity to West Nile virus. The investigators
concluded that immunity to these other viruses does not prevent
infection with West Nile virus, at least not in humans; experts say
further studies are needed to find out if cross immunity can be
achieved only in certain animals.

Research on New Methods of Diagnosis
West Nile virus is currently diagnosed by several laboratory tests
that detect immune proteins or genetic material. These tests are
difficult and time-consuming to perform, plus they are some-
times unreliable, so doctors are looking for new and improved
methods of diagnosing the virus. One of the main research areas
focuses on developing diagnostic tests that can rapidly differen-
tiate between different flavivirus infections and that can detect
many different strains of West Nile virus.

One group of CDC researchers recently developed a test that
accurately detects West Nile virus and distinguishes between it
and Saint Louis encephalitis virus in infected mosquitoes and
birds. Further testing is being done to see if the test, known as an
antigen capture immunoassay, can be used on a widespread basis.

Another group of scientists recently developed a new diag-
nostic blood test that seems to be more accurate than existing
tests. It is called a TaqMan assay. This is a new type of polymerase
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chain reaction test that copies genetic material and scans it with
a laser. A TaqMan probe can determine the presence or absence
of specific DNA or RNA sequences and thus reveal whether or
not a particular virus is present. The procedure got its name be-
cause the underlying principle is based on the popular PacMan
video game in which the PacMan character must eat tiny blue
ghosts in a maze. In the TaqMan test, the enzyme known as Taq
DNA polymerase “eats up” the fluorescent tags on the TaqMan
probe, thereby releasing color dyes that are attached to the probe.
This enables the apparatus to detect a gene sequence.

In an unrelated new development in diagnosis, doctors at
Northwestern University in Chicago found that a woman with
fever, headache, and fatigue also had tiny lesions in her eyes and
complained of seeing dots. She was diagnosed with West Nile
virus on the basis of a blood test, and once she recovered, the vi-

Prior infection with such viruses as the dengue virus (pictured) gives animals
partial or total immunity to West Nile virus. Humans infected with the same
viruses have no immunity to West Nile virus.
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sion problems went away. The physicians suggested that exam-
ining a patient’s eyes may provide a diagnostic clue for West Nile
virus, but thus far, other experts have not confirmed this finding.

New Drugs to Prevent West Nile Virus
Because there is currently no specific treatment for West Nile
virus, development of drugs to prevent the disease is also an area
of intense investigation. Such preventive agents are known as
vaccines. Experts believe that developing an effective vaccine is
critical for several reasons. One, of course, is that it would enable
people at high risk for severe disease to avoid being infected. An-
other reason is that using pesticides to kill mosquitoes is ex-
tremely costly, inefficient, and harmful to people and animals as
well as to mosquitoes. “The use of pesticides for vector control
has raised public concern, with fear of pesticide toxicity being
nearly as prevalent as fear of acquiring the disease,”22 explains an
article in West Nile Virus.

Researchers are currently exploring several types of vaccines.
One is a vaccine developed from a related vaccine for yellow
fever. Scientists substituted a surface protein from West Nile
virus for a yellow fever virus protein. They are now testing the
vaccine in hamsters, mice, monkeys, and horses to see if this vac-
cine prevents the animals from becoming infected with West Nile
virus. Preliminary reports indicate it is quite effective, and Acam-
bis, the Massachusetts company conducting the research with the
National Institute of Allergy and Infectious Diseases, plans to be-
gin testing this vaccine on humans sometime in 2003.

Other scientists are investigating whether a vaccine against
Japanese encephalitis virus also provides protection against West
Nile virus. It appears that this vaccine provides some protection,
at least in some animals, but further studies are needed before re-
searchers will know if it is indeed a viable option or if it needs to
be altered to provide protection from West Nile virus.

Still another group of researchers at the National Institutes of
Health have derived a new vaccine from a dengue virus vaccine,
and results so far indicate that it appears to protect laboratory an-
imals from West Nile virus. The scientists, led by Dr. Alexander
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Pletnev, combined a weakened dengue virus with components of
West Nile virus to stimulate the immune system to make anti-
bodies against the West Nile virus. Further tests are ongoing be-
fore this vaccine can be tested on humans.

DNA vaccines are a relatively new type of vaccine that other
researchers are working on. DNA vaccines contain the genetic
material of the virus being targeted plus a substance known as a
promoter. The promoter helps the gene get into the cells of the

Dr. Thomas Monath shows a vial of the vaccine against Japanese
encephalitis that his laboratory developed. Some scientists believe that
this vaccine may be effective against West Nile virus.
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animal being immunized. Experts say this type of vaccine is po-
tentially more effective than others because the DNA can be ma-
nipulated to elicit the most favorable immune response. This
allows more control over any adverse effects and is more likely
to produce the desired effect, immunity. Thus far, scientists have
shown that a West Nile virus DNA vaccine is effective in mice
and horses; further studies will be done to test for safety and ef-
fectiveness before this kind of vaccine is given to humans.

Bioterrorism
One additional issue that health officials dealing with West Nile
virus are faced with in the present and future is related to the
threat of bioterrorism. This is a problem in which terrorists use
biological agents such as viruses or bacteria to make large num-
bers of people ill. It has been suggested that the incursion of West
Nile virus into the United States was related to an act of bioter-
rorism, but CDC officials say that there is no evidence whatso-
ever that this is the case. These experts also do not consider West
Nile virus a likely possibility to be used as an agent of bioterror-
ism, mostly because it is not easily spread through the air or
through casual contact as are other pathogens more likely to be
thus employed. However, the West Nile virus epidemic has
served as a test of public health agencies’ preparedness for such
an attack, and lessons learned from the outbreak are being ap-
plied to emergency planning for all sorts of emergencies includ-
ing bioterrorism from a variety of infectious agents. Emergency
medicine authorities say in a recent article in the American Jour-
nal of Emergency Medicine:

Preparedness for bioterrorism poses unique challenges. In the
event of a biological attack, the hospital infection control staff
and administration must already have in place the means to
communicate with local and state public health agencies, the
Centers For Disease Control and Prevention (CDC), local law
enforcement agencies, and the Federal Bureau of Investigation
(FBI). . . . Most hospitals are ill equipped to deal with a cata-
strophic event caused by WMD (weapons of mass destruction).23
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The Challenge for
the Future: A Rapidly
Spreading Menace

West Nile virus has gone from being unknown in the
United States prior to 1999 to the following number of
cases, state by state, in 2002. Experts believe that bird mi-
gration patterns and the prevalence of mosquito breeding
grounds influence which areas experience the most cases
of the disease.

Alabama 43
Arkansas 43
California 1
Colorado 13
Connecticut 17
Delaware 1
District of Columbia 33
Florida 28
Georgia 43
Illinois 835
Indiana 287
Iowa 54
Kansas 22
Kentucky 75
Louisiana 330
Maryland 33
Massachusetts 23
Michigan 528
Minnesota 48
Mississippi 186

Missouri 128
Montana 1
Nebraska 112
New Jersey 23
New York 82
North Carolina 2
North Dakota 17
Ohio 442
Oklahoma 19
Pennsylvania 60
Rhode Island 1
South Carolina 1
South Dakota 37
Tennessee 56
Texas 189
Vermont 1
Virginia 29
West Virginia 2
Wisconsin 47
Wyoming 1
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Health experts say that hospital emergency rooms must
quickly develop specific plans for dealing with outbreaks of dis-
eases like West Nile virus to prevent widespread panic and death.

Priorities in the Battle Against West Nile Virus
In short, public health officials see it as a priority for the present
and future to stop the spread of West Nile virus through what-
ever routes of transmission the virus takes, be those routes blood
transfusions, organ donations, laboratory accidents, or infected
birds and mosquitoes. Since the virus burst on the scene in New
York City in 1999, it has surprised experts with the speed and in-
tensity with which it has spread across the United States. Halting
this spread and developing methods of treatment are extremely
high priorities for officials who realize that West Nile virus is a
menace that can do a great deal of damage to both humans and
animals. Said New York State Commissioner of Health Antonia
C. Novello at a recent conference on the subject, “One thing we
have learned from the West Nile virus is that it can be anywhere,
and so we must be prepared for anything.”24
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antibodies: Chemicals produced by the immune system in re-
sponse to a foreign substance, or antigen.

arbovirus: A virus spread by an arthropod, most commonly by
bloodsucking insects.

blood-brain barrier: A biological mechanism that prevents most
toxins and pathogens from crossing into the brain from the
blood.

blood transfusion: A procedure in which a person who needs
blood receives blood from a donor.

cerebrospinal fluid: The liquid that surrounds the brain and
spinal cord.

encephalitis: Inflammation of the brain.

epidemic: A widespread outbreak of disease.

epidemiologist: Doctor who specializes in tracking down causes
and incidence of infectious diseases.

flavivirus: A type of virus that is transmitted by mosquitoes or
ticks.

gene: The basic unit of hereditary information in a cell.

host: Animal that carries an infectious disease.

incubation period: The time between infection and evident
symptoms.

intravenous: Into a vein.

meningitis: Inflammation of the meninges, the lining of the brain
and spinal cord.

meningoencephalitis: Inflammation of the brain and the meninges.

neurological: Concerning the nervous system.

Glossary
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pathogen: Agent that causes disease.

vaccine: A drug given to stimulate immunity against a disease.

vector: An agent such as a mosquito that transmits a pathogen
from primary host to incidental host.

ventilator: A machine that breathes for someone who is unable to
breathe; also called a respirator.

virus: A microorganism that replicates itself within the cells of a
living host.
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Centers for Disease Control, 
National Center for Infectious Diseases

PO Box 2087
Fort Collins, CO 80522
(888) 232-3228
www.cdc.gov

Provides comprehensive information on all aspects of West Nile
virus.

National Institute of Allergy and Infectious Diseases,
National Institutes of Health Office of Communications
and Public Liaison

Bethesda, MD 20892
(301) 496-5717
www.niaid.nih.gov

Good information on all aspects of West Nile virus, especially 
research.

Organizations to Contact
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Centers for Disease Control, “The Buzz-z-z-z On West Nile Virus,”
www.bam.gov. Fun kids’ website about West Nile virus.
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