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Overview
Since its isolation in Uganda in 1937, West Nile virus (WNV) has been responsible for thousands of
cases of morbidity and mortality in birds, horses, and humans. Historically, epidemics were localized
to Europe, Africa, the Middle East, and parts of Asia, and primarily caused a mild febrile illness in
humans. However, in the late 1990’s, the virus became more virulent and expanded its geographical
range to North America. In humans, the clinical presentation ranges from asymptomatic
(approximately 80% of infections) to encephalitis/paralysis and death (less than 1% of infections).
There is no FDA-licensed vaccine for human use, and the only recommended treatment is supportive
care. Individuals that survive infection often have a long recovery period. This article will review
the current literature summarizing the molecular virology, epidemiology, clinical manifestations,
pathogenesis, diagnosis, treatment, immunology, and protective measures against WNV and WNV
infections in humans.
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Virology and Molecular Biology of WNV
West Nile virus is a positive-stranded RNA virus in the family Flaviviridae (genus Flavivirus),
which includes other human pathogens such as dengue, yellow fever, and Japanese encephalitis
viruses [1,2]. The virion consists of an envelope surrounding an icosahedral capsid of
approximately 50 nm in size. The ~11 kilobase genome encodes a single open reading frame,
which is flanked by 5′ and 3′ untranslated regions (UTR). The approximately 3000 amino acid
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polyprotein is cleaved into ten proteins by cellular and viral proteases (Figure 1). Three of these
proteins are the structural components required for virion formation (capsid protein (C)) and
assembly into viral particles (premembrane (prM) and envelope proteins (E)). The other seven
viral proteins are nonstructural (NS) proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B and
NS5) and are all necessary for genome replication. NS3 contains an ATP-dependent helicase,
and in conjunction with the NS2B protein, a serine protease, which is required for virus
polyprotein processing. NS5 is a methyltransferase and RNA-dependent RNA polymerase
(NS5). The other NS proteins are small, generally hydrophobic proteins of disparate functions.
NS1 is a secreted glycoprotein implicated in immune evasion [3]. NS2A plays a role in virus
assembly as well as inhibiting IFN-β promoter activation [4,5]. NS4A is responsible for a rapid
expansion and modification of the endoplasmic reticulum (ER) that helps establish replication
domains [5-8]. NS4B blocks the IFN response [9-12]. Importantly, all the NS proteins appear
to be necessary for efficient replication [13].

The flavivirus life cycle consists of 4 principal stages: attachment/entry, translation,
replication, and assembly/egress (reviewed in {Clyde, 2006 #103;Lindenbach, 2001
#199}).WNV enters cells via receptor-mediated endocytosis, and is transported into
endosomes. The WNV receptor is unknown. A number of cell-surface proteins are potential
WNV receptors (DC-SIGN, Integrin alpha-v beta-3) [14-16] and the receptor required for
WNV binding and entry may vary by cell type. Acidification of the endosomal compartment
causes a conformational change in the E protein, resulting in fusion of the viral and endosomal
membranes and release of the virus nucleocapsid into the cytoplasm [17,18]. The viral RNA
is translated and the polyprotein is processed. Genome replication is carried out in specific
domains established by the viral proteins [19,20]. As stated above, viral proteins cause massive
expansion and modification of the ER. Two domains are important replication and virus protein
processing: vesicle packets (VP) and convoluted membranes (CM), respectively [20-25]
(Figure 2). Following replication and translation, genomes are packaged into virions, which
mature through the ER-Golgi secretion pathway [19,20,26,27]. Progeny viruses are released
by exocytosis.

Phylogeny
The most current phylogenetic studies (based upon sequences of entire or partial genome
sequences) indicate five lineages of WNV [28]. The virus that entered North America belongs
to lineage I (clade Ia). This lineage also contains viruses found in Europe, the Middle East and
Africa. The genome of Kunjin virus, the Australian strain of WNV, also groups within lineage
I (clade Ib). Lineage II is comprised of WNV mainly of African origin. Although there are
exceptions, in general, lineage I (clade Ia) viruses can cause severe human neurologic disease
whereas lineage I (clade Ib), and lineage II viruses generally cause a mild, self-limiting disease.
Relatively little is known about the viruses that comprise lineages III, IV and V.

Epidemiology
WNV is maintained in nature in a cycle between birds and mosquitoes (Figure 3). Although
many different species of mosquito are capable of maintaining this cycle, the Culex species
play the largest role in natural transmission (Figure 4). Not all infected mosquitoes
preferentially feed upon birds, which can lead to other animals including humans becoming
infected. Humans (and horses) are incidental or “dead-end” hosts in this cycle since the
concentration of virus within the blood (viremia) is insufficient to infect a feeding naïve
mosquito. Other natural modes of WNV transmission have been documented, but occur rarely.
WNV transmission can occur between infected mother and newborn via the intrauterine route
[29-31]or possibly by breast-feeding [32]. A recent study of pregnant women who became
infected with WNV during the 2003-4 transmission in the United States suggested that adverse
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health side effects of the newborn infant due to WNV infection of the mother are rare, and
those cases with infant illness/infection/mortality may be associated with WNV infection that
occurred while the mother was infected within 1 month prepartem [33].

Within the human population, the virus can spread between individuals by more artificial
means. In the early 2000’s, patients that received tainted blood or organs from viremic donors
become infected [34-37]. These events highlighted the need to safeguard blood and organ
donations from potentially viremic yet healthy donors, and relatively few infections via this
route of transmission were reported since 2004.

The epidemiology of WNV is continuously changing. The virus was initially isolated from a
febrile woman in Uganda in 1937 [38]. Since that time, few outbreaks of WNV in human or
horse populations were recorded until the beginning of the 1990s. When disease was observed
in humans, symptoms were typically mild and neurologic complications were rare {Murgue,
2001 #750; Hayes, 2001 #776}. Noteworthy exceptions during this time were outbreaks in
Israel in the early 1950s and France in the 1960s, which were characterized by encephalitis in
humans and horses. A series of outbreaks in the 1990s brought WNV into the spotlight;
epidemics in Algeria, Morocco, Tunisia, Italy, France, Romania, Israel, and Russia were
associated with uncharacteristically severe human disease, including neurologic complications
and death [39,41-43]. In the summer of 1999, a cluster of patients with encephalitis in New
York City signaled the entry of WNV into North America. The sequence of the New York
1999 strain of WNV is closest in identity to a viral isolate from Israel [44], but it is still a
mystery how the virus traversed the Atlantic Ocean. In the past decade, there have been
thousands of reported human cases of WNV disease (WN fever and WN encephalitis)
accompanied by over a thousand deaths (Table 1). The geographic range of the virus currently
extends north into Canada, west across all 48 contiguous states, and south into Mexico, the
Caribbean, and Central and South America (Figure 5 and 6) {Blitvich, 2008 #876}. Since
2007, in addition to ongoing circulation of WNV in the Western Hemisphere, there have been
outbreaks or isolations of WNV in Volograd (Russia) {Platonov, 2008 #877}, South Africa
{Venter, 2009 #878}, Hungary {Krisztalovics, 2008 #879}, Romania {Popovici, 2008 #880},
and Italy {Rossini, 2008 #881}(Figure 5).

In 2008 alone, there were 1338 cases of WNV disease reported to the CDC and resulted in 43
deaths within the United States
(http://www.cdc.gov/ncidod/dvbid/westnile/surv&controlCaseCount08_detailed.htm).

Clinical presentation
It is difficult to accurately predict the incubation period of WNV in humans (time from
mosquito bite/infection to the presentation of symptoms), but it is ~2-15 days [34,45]. The
majority (>80%) of WNV infections are asymptomatic. Symptomatic infections are primarily
a mild, self-limiting febrile illness. However, approximately 1% of infected persons develop
neurologic infections and disease. Most symptomatic patients exhibit mild illness with fever,
sometimes associated with headache, myalgias, nausea and vomiting, and chills [34,46-49].
Further, some patients briefly present papular rash on the arms, legs, or trunk. These symptoms
follow relatively predictable pattern with illness generally lasting less than seven days.
However, a number of patients experience severe fatigue and malaise during convalescence.

Approximately 5 percent of patients with symptomatic WNV infection develop neurologic
disease. WNV neurologic symptoms include meningitis, encephalitis, and poliomyelitis-like
disease, presented as acute flaccid paralysis [50]. WNV encephalitis and/or meningitis are
characterized by rapid onset of headache, photophobia, back pain, confusion and continued
fever. WNV poliomyelitis-like syndrome is characterized by acute onset of asymmetric
weakness and absent reflexes without pain. Patients presenting with flaccid paralysis require
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further testing to determine nature and degree of disease. Diagnostic tests including
cerebrospinal fluid (CSF) examination should be performed in order to differentiate WNV
infection from stroke, myopathy, and Guillain-Barre Syndrome. Other clinical symptoms may
include tremor, myoclonus, postural instability, bradykinesia, and signs of parkinsonism.

Pathogenesis
Understanding the full range of WNV pathogenesis in humans has been difficult, mainly due
to the difference in virulence between WNV strains, the high prevalence of asymptomatic or
sub-clinical infections, and the relative infrequency of laboratory-confirmed human infections.
Little has been published about human infections with WNV of limited virulence. The vast
majority of our current knowledge regarding WNV pathogenesis resulted from animal models
(mostly rodent) infected under controlled conditions with a known amount of needle-inoculated
virus, which may not accurately reflect the course of a natural infection in humans.
Nevertheless, many descriptive accounts have been documented following the course of
infection in humans suffering from WN fever and WN encephalitis resulting from a virulent
lineage I WNV infection.

WNV-infected mosquitoes transmit the virus to humans following a bloodmeal from the host.
During this process, mosquito saliva contaminated with WNV is deposited in the blood and
skin tissue. Virus contained within the skin is presumed to infect resident dendritic cells such
as Langerhans cells (MHCII+/NLDC145+/E-cadherin+ cells), which then traffic to the
draining lymph node [51,52]. Shortly thereafter, virus amplifies in the tissues and results in a
transient, low-level viremia, lasting a few days, and typically wanes with the production of
anti-WNV IgM antibodies [53]. Following viremia the virus infects multiple organs in the body
of the host, including the spleen, liver, and kidneys. Interestingly, 8 days after onset of
symptoms, WNV was detected in the urine (viruria) of a patient with encephalitis [54], which
is consistent with animal (hamster) experiments demonstrating viruria [54] and the presence
of viral infection in the kidneys [55,56].

Upon entering the CNS, WNV causes severe neurological disease. WNV may enter the brain
though a combination of mechanisms that facilitates viral neuroinvasion, such as direct
infection with or without a breakdown of the blood-brain barrier (BBB) and/or virus transport
along peripheral neurons. High viremia may easily lead to an infection of the brain if the BBB
is disrupted and high viremia is correlated with severity of infection in experimentally infected
mice [57]. Viremia and high viral titers in the periphery alone do not predict neuroinvasion.
Host proteins such as Drak2 (death-associated protein-kinaserelated 2), ICAM-1 (intercellular
adhesion molecule), MIP (macrophage migration inhibitory factor) and MMP-9 (matrix
metaloproeinase 9) have all been implicated in altering BBB permeability during WNV
infection [58-61]. The virus may pass into the CNS without disrupting the BBB [62]. The host’s
response to infection may also contribute to WNV pathogenesis. Studies from experimentally
infected mice suggest that the innate immune sensing molecule Toll-like receptor 3 (TLR3)
may play a role in WNV invasion of CNS [63], possibly by mediating the upregulation of TNF-
α (tumor necrosis factor alpha), thereby resulting in capillary leakage and increased BBB
permeability [64]. The pro-inflammatory chemokines/cytokines MCP-5 (monocyte
chemoattractant protein 5), MIF, (IP-10) interferon gamma-inducible protein 10, MIC
(monokine induced by gamma interferon), IFN-γ (interferon gamma) and TNF-α were all
upregulated in the brains of experimentally infected mice, suggesting that the host immune
response may be (at least partially) responsible for neurolgical symptoms of the disease [58,
65]. However, an increase in BBB leakage does not accurately predict WNV-induced mortality
in hamsters, nor does lethal infection increase BBB permeability in all strains of mice [66].
WNV may enter the brain by directly infecting and retrograde spreading along neurons in the
periphery [67]. Entering the brain via infected peripheral neurons is a likely entry route since
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the level of viremia is low and leakage into the CNS by a breakdown of the BBB is less likely
compared to animals with a high titer of circulating WNV in the blood. The discrepancies
observed regarding BBB compromise suggest that further research is required to determine the
exact mechanism through which WNV enters the CNS.

Diagnosis
Diagnosis of WNV infection depends on a number of factors, including environmental
conditions, behaviors, and clinical symptoms. Patient history will give crucial clues to
diagnosis. For example, if a patient presents with clinical symptoms, including fever and
headache, one must consider the distribution of WNV and its mosquito vector. Endemic areas
must consider WNV infection, especially during the summer months. Further, the patient
history should suggest exposure to mosquitoes through outdoor activities. An initial physical
examination will confirm clinical symptoms of fever, headache, myalgia, or the more severe
meningitis and flaccid paralysis. Also, the presence of mosquito bites on the skin will assist in
diagnosis.

To confirm the initial diagnosis, specific laboratory tests must be ordered (Table 2). To date,
the most consistent manner to verify WNV infection is serology [47,49]. WNV antigen specific
enzyme-linked immunosorbent assay (ELISA) will confirm infection. Serological tests include
acute or convalescent samples of serum or cerebrospinal fluid (CSF) to determine the WNV-
specific antibody profile by ELISA. The best test involves IgM-specific ELISA (MAC-ELISA)
in which serum is collected within 8 to 21 days after the appearance of clinical symptoms. This
test is commercially available and relatively inexpensive [34]. Also, serology can be performed
to analyze immune responses. The presence of reactive lymphocytes or monocytes in CSF
samples is indicative of WNV neurologic infection. More dramatically, a massive influx of
polymorphonuclear cells occurs. In patients with WNV neuroinvasion, > 40% of cells in the
CSF are neutrophils [68]. Plaque reduction and neutralization tests (PRNT) allow for
identification of virus specificity. Virology tests can directly confirm the presence of virus.
Serum or CSF is collected and virus is amplified within permissive cells and sequenced. This
test is time-consuming and expensive. Finally, molecular biology tools can be employed to
confirm the presence of virus. The nucleic acid test (NAT) is a powerful tool to detect WNV
genomes. Serum or CSF is collected during the initial phases of virus infection can be directly
amplified, or used to detect viral RNA by quantitative reverse transcription polymerase chain
reaction (Q-RT-PCR) with virus-specific primers.

Magnetic resonance (MR) imaging suggests abnormalities in the brain and meninges of WNV-
infected patients presenting with CNS disease [46,69,70] (Figure 7). The regions of the CNS
most commonly affected are basal gangli, thalami, brain stem, ventral horns, and spinal cord.
However, the majority of these studies were performed retrospectively. Thus, the results do
not provide predictive capabilities to WNV infection.

Differential diagnosis
A number of diseases manifest as symptoms similar to West Nile virus, including the
encephalitides viruses (such as JEV and Murray Valley encephalitis virus) and bacterial
meningitis. Therefore, differential diagnosis is crucial to determining WNV infection. A
differential diagnosis is required when a patient presents with unexplained febrile illness,
encephalitis or extreme headache, or meningitis. Thus far, the only manner to differentiate
between causes of encephalitis/meningitis is diagnostic and serological laboratory tests to
identify the specific pathogen causing the symptoms.
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Treatment and long-term outcomes
Currently, patients infected with WNV have limited treatment options. The primary course of
action is supportive care. There is no FDA-licensed vaccine to combat WN disease in humans,
despite the research of many laboratories and institutions and vaccines available for use in
horses.

Furthermore, there are no effective antiviral to combat WNV infection. Two classical antiviral
compounds, interferon and ribavirin, showed promising results in vitro [71,72] but it is unclear
if these compounds are effective in patients [73-77]. Passively transferring anti-WNV
immunoglobulin has been shown to be effective in mouse and hamster models [78] and may
be helpful in patients [79,80].

Long-term complications (1 year or greater after infection) are common in patients recovering
from WNV infection. The most common self-reported symptom is fatigue and weakness,
although myalgia, arthralgia, headaches, and neurologic complications, such as altered mental
depression, tremors and loss of memory and concentration are not uncommon [81]. There is
also evidence from animal models [55,82,83] and human autopsies [84,85] that the virus may
persist in some individuals, as measured by isolation of virus or viral genomes or antigen
months after infection or symptom presentation. Experimentally infected hamsters show long-
term neurological sequela, which appears to coincide with the presence of both viral antigen
and genome within areas of the brain showing neuropathology [83]. Although the direct
evidence of persistence in humans is limited at this time, many patients have long-lasting
WNV-specific IgM titers in the serum and CNS, suggesting that persistent infections may be
more common than previously indicated [86-88].

Immunity
Both the innate and adaptive immune responses mounted against WNV are critically important
for controlling infection. Type I interferons (alpha and beta) are important for limiting virus
levels, reducing neuronal death, and increasing survival [57]. The amount of interferon made
by the host in response to infection appears to be (at least in part) dependent upon the strain
and/or virulence of the virus; mice infected with lineage I WNV with attenuating mutations
produce less type I IFN than mice infected with virulent lineage I WNV [89]. Furthermore,
WNV strains that are more resistant to the affects of IFN (like some virulent lineage I viruses)
are more virulent than IFN-sensitive stains (like lineage II strains) [90].

The adaptive immune response also plays a role in controlling infection. Studies using WNV-
infected genetically engineered knockout mice indicate that both T- [91-96]and B- [97]cells
are critical for controlling infection. CD8+ T-cell recruitment to the brain by neurons
expressing CXCL10 and by CD40-CD40 ligand interactions help reduce the viral burden in
the brain and increase survival in experimentally infected mice [94,98]. B-cells are activated
within the lymph nodes of WNV-infected mice 48-72 hours after infection in an IFNα/β-
signaling dependent manner, and B-cells secreting WNV-specific IgM were detected on day
7 post infection [99]. IgM is critically important for the control of early WNV infection, and
passive transfer of WNV-specific IgM could protect IgM-deficient mice from lethal WNV
infection [100]. Approximately 3-4 days after WNV-specific IgM is detectable, anti-WNV IgG
titers are measurable in patients [53]. IgG is the predominant antibody most likely confering
long-term immunity against WNV re-infection. Although not enough data exists, immunity
against WNV in convalescent patients is presumed to be life-long.
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Vaccination
Although no FDA-approved vaccine exists for human use, there are effective, licensed vaccines
for the treatment of horses. The success has encouraged others to develop these and other
strategies for human vaccines. Currently, there are a number of ongoing clinical trials.

There are several strategies being pursued for WNV vaccine development (Table 3). The first
strategy is inoculation of multiple doses of inactivated virus [101,102]. Fort Dodge Animal
Health developed this strategy by formalin inactivating whole virus. This formulation has been
approved for horses. The second strategy involves the production of WNV antigens from a
heterologous virus backbone. The vectors being used are canarypox (Recombitek™), Yellow
fever virus (Chimerivax ™), and Dengue 4 (WNV-DEN4) [103-106]. The Recombitek™
vaccine has been licensed for use in horses. The third approach is DNA vaccination. WNV
structural antigens (prM-E) are expressed from DNA plasmids [107]. The final strategy is
inoculation with purified viral proteins [108-111]. These proteins can be produced in
mammalian cell culture, bacteria, or yeast. Interestingly, a recent study by Seino, et al.
compared the efficacy of three available vaccines [112]. Their study showed that horses
vaccinated with the live, chimeric virus in the yellow fever or canarypox vectors had fewer
clinical signs of WNV disease than animals receiving inactivated virus.

Summary
In summary, WNV infection is a serious threat to public health, especially to the
immunocompromised and elderly. The virus is maintained in an enzootic cycle between
mosquitoes and birds, with humans and other mammals as incidental hosts. Since its
introduction to the Western hemisphere in 1999, WNV has spread across North and South
America in fewer than 10 years. The majority of human infections are asymptomatic. However,
clinical manifestations range from relatively mild febrile illness to very severe neurological
sequelae, including acute flaccid paralysis and encephalitis. Currently, the virus is the most
significant cause of viral encephalitis in the United States. Efficient diagnosis of WNV
infection requires a detailed history, including potential exposure to contaminated mosquitoes,
as well as sensitive serological and virology assays. Recent studies have shed light on virus-
host interactions, including pathogenesis and immune evasion. Lastly, there are no prophylactic
or therapeutic measures that exist to combat the diseases caused by WNV infection, thus
warranting future research.
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Figure 1. Schematic of WNV genome
A representation of the WNV genome including the 3 structural proteins that make up virion
particle and the 7 non-structural proteins necessary for virus replication and immune evasion.
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Figure 2. Scanned images are of West Nile virus isolated from brain tissue from an infected crow
The tissue was cultured in a Vero cell for a 3-day incubation period. The Vero cells were fixed
in glutaraldehyde, dehyrated, placed in an Epon resin, thin sectioned, placed on a copper grid,
and stained with uranyl acetate and lead citrate. The grids were then placed in the electron
microscope and viewed. Total magnifications, image 65,625x. Image courtesy of CDC (Bruce
Cropp, Microbiologist, Division of Vector-Borne Infectious Diseases).
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Figure 3. Diagram of the WNV transmission cycle
The maintenance of WNV in nature depends upon many avian and mosquito species. Humans
and other incidental hosts (like horses) become infected when WNV-infected mosquito takes
a bloodmeal from them.
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Figure 4. Culex mosquito
The Culex species of mosquito is the most common vector of WNV. Photograph of Culex
species mosquito feeding. Courtesy of USGS.
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Figure 5. Distribution of WNV
Countries with historic or recent (2007-present) WNV activity (isolations from mosquitoes,
birds, horses or humans) are highlighted in red and blue, respectively.
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Figure 6.
The number of confirmed human cases of WNV disease in the United States in 2008. Courtesy
of CDC.
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Figure 7. Radiographic and neuropathologic findings in West Nile virus encephalitis
(A) Coronal fluid-attenuated inversion recovery (FLAIR) magnetic resonance image shows an
area of abnormally increased signal in the thalami, substantia nigra (extending superiorly
toward the subthalamic nuclei) and white matter. (B) Corresponding tissue section from the
same patient at autopsy 15 days later, stained with Luxol fast blue–periodic acid Schiff for
myelin, shows numerous ovoid foci of necrosis and pallor throughout the thalamus and
subthalamic nucleus (arrows). (C) Axial proton density image at the level of the midbrain
shows a bilaterally increased signal in the substantia nigra (arrows). (D) Corresponding tissue
section at autopsy, stained with Luxol fast blue–periodic acid Schiff, illustrates multifocal
involvement of the substantia nigra (arrows), with nearly 50% of the area destroyed; the red
nuclei are clearly affected. (E) Axial FLAIR image at the level of the lateral ventricle bodies
shows a bilaterally increased signal within the white matter. A scan performed approximately
5 months earlier demonstrated an abnormal signal in the left periventricular white matter. This
signal increased once West Nile virus encephalitis developed, and the lesions in the right
cerebral white matter (left side of photograph) were new. (F) Photomicrograph taken from the
right periventricular white matter, immunostained with the HAM56 antibody, shows numerous
macrophages, both in perivascular areas (lower right) and diffusely throughout the white matter
(center). Permission: Kleinschmidt-DeMaster BK et al. (2004). Arch Neurology 61:
1210-1220.
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TnQTable 2
Laboratory Tests and Diagnosis of WNV Infection

Test Positive Results

CBC Anemia, lymphopenia, thrombocytopenia

IgM-specific ELISA WNV-specific IgM antibodies detected

PRNT Known virus stock growth inhibited in tissue culture by serum,
indicating neutralizing antibodies

NAT PCR amplification shows presence of WNV genome RNA

Virus isolation/Plaque
assay

Serum or CSF contain virus as seen in plaque assay

CSF analysis Antibodies and/or virus present by ELISA or plaque assay,
Elevated protein and increased polymorphonuclear cells,
Negative gram stain

EMG/NCS Severe effects on anterior horn cells
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Table 3
WNV vaccines

A partial list of licensed and preclinical vaccines against WNV.

Type Antigen Sponsor Stage of Development

Chimeric (vector)

Recombitek ™ (canarypox) WNV-prM-E Merial Licensed for horses

Chimerivax ™ (yellow fever virus) WNV-prM-E Acambis Phase II

WNV-DENV4 (dengue virus 4) WNV-prM-E NIAID/NIH Phase II

DNA

WNV-DIII WNV-DIII Multiple labs Preclinical

WNV-E WNV-E Multiple labs Preclinical

WNV-prM-E WNV-prM-E Multiple labs Preclinical

Inactivated/Killed

Innovator ™ Whole virus Fort Dodge Animal Health Licensed for horses

Subvirion Particles/Virus-like Particles

WNV-prM-E WNV-prM-E Multiple labs preclinical

Sources: www.fortdodgelivestock.com, www.merial.com, www.intervetusa.com, www.clinicaltrials.gov
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