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Powassan Virus—A New Reemerging
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Syed Soheb Fatmi, Rija Zehra and David O. Carpenter*

Institute for Health and the Environment, University at Albany, SUNY, Rensselaer, NY, United States

Powassan virus is a neurovirulent flavivirus consisting of two lineages causing menin-
goencephalitis. It is the only member of the tick-borne encephalitis serogroup which
is present in mainland North America. With a total number of 27 cases from 1958 to
1998 and 98 cases from 1999 to 2016, reported cases have increased by 671% over
the last 18 years. Powassan infection is transmitted by different tick species in different
geographical regions. Ixodes scapularis is the primary vector that transmits the virus on
the East Coast of US and Ixodes cookei in the Midwest and Canada, while Hemaphysalis
longicomnis is the vector in Russia. Powassan has no singular pathognomonic finding and
presents with a wide spectrum of symptoms including severe neurological symptoms.
The clinical challenge lies within the management of the disease as there is no standard
diagnostic protocol and most cases are only diagnosed after a patient goes through
an extensive workup for other infectious disease. The diagnosis is established by a
combination of imaging and serologic tests. In case of Powassan meningoencephalitis,
computed tomography scan and magnetic resonance imaging show vascular insults,
which are also seen in cases of tick-borne encephalitis virus, another flavivirus of medical
importance. Serologic tests are the gold standard for diagnosis, although testing is not
widely available and only state health departments and Center for Disease Control and
Prevention can perform Powassan-specific IgM antibody testing utilizing enzyme-linked
immunosorbent assay and immunofluorescence antibody. Powassan is also of veter-
inary medical importance. Wildlife animals act as a reservoir to the pathogens, hence
possessing threat to humans and domestic animals. This review highlights Powassan’s
neurotropic presentation, epidemiology, diagnostic challenges, and prevalence. Strong
emphasis is placed on establishing diagnostic protocols, widespread Powassan-specific
IgM testing, role of the vector in disease presentation, and necessary preventive research.

Keywords: ticks, Ixodes, scapularis, Powassan virus, vector-borne diseases, deer-tick virus, flavivirus,
meningoencephalitis

INTRODUCTION

Powassan virus (POWYV) is a fatal, neurotropic “tibovirus” (1), and is the only member of tick-borne
encephalitis serogroup present in North America (2). With a reported 671% rise in reported cases
in the last 18 years as compared to the previous 40 years, POWYV has become an emerging danger
worldwide (3, 4). Powassan infection in humans has been rare and comparative prevalence is less
than other diseases. The prevalence of POWYV in endemic areas may be much higher than originally
believed. Some asymptomatic people in these areas have serologic evidence of the virus while getting
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tested for other infectious disease. Others develop moderate to
fatal symptoms. The fatality rate is 10%, and about 50% of those
people who develop neurological symptoms end up with long-
term sequelae (2).

Tick-borne diseases are a major public health concern from
the Great Lakes region of the mid-eastern United States to the
sub-Saharan desserts of Africa. Ticks carry agents that cause a
wide array of clinical pathologies which are protozoal, bacterial,
or viral in origin. POWYV was first reported in 1958 in Powassan,
Ontario (5). Powassan is endemic in the northeast and upper
midwest of the United States, and cases have also been reported
in Far-Eastern Russia (6). Like other tick-borne diseases,
Powassan is a diagnostic challenge because of its versatility of
clinical presentation and the unpredictability of the course of the
illness. Unfortunately, there is a lack of diagnostic methods that
complement the severity and aggressiveness of the disease and its
complex genetic structure.

There are more than 15 infectious diseases that are transmit-
ted by ticks (7). The most well-known is Lyme disease, caused
by a bacterium. With the large number of cases, pathognomonic
findings, and insidious onset of symptoms, Lyme is readily being
identified and treated. Powassan, on the other hand, poses a
greater uncertainty due to its rapid onset of neuro-invasive
symptoms, the brief transmission time, and less reliable serologic
testing. While tick-borne encephalitis virus (TBEV) is commonly
seen across Europe, Powassan is the only tick-borne flavivirus
that is endemic in the western hemisphere (8). Powassan is one of
the least studied flavivirus and there is an urgent need for further
exploration and in-depth research into this neurotropic virus.

With a significant increase in the number of Powassan cases
in the last decade, there is an urgent need for further research
and understanding of the virus, the vector, and the disease. There
have been number of reviews on POWYV in the past; however,
most have either dealt only with case presentations, genetic
makeup, or Flaviviruses in general. This review encompasses all
factors related to POWYV, including the taxonomy and lifecycle
of the vector, genetic makeup, inoculation, and presentation of
the virus.

It is critical to highlight the lack of established diagnostic and
treatment protocols with the scarcity of available serologic testing
for Powassan. This review also emphasizes prevention methods
and the direction of future research that is required to effectively
manage this reemerging, often fatal, and neuro-invasive disease.

METHOD

This review is a literature-based study from previous peer-
reviewed articles from PubMed, google scholar, and science direct.
It reviews studies done on POWYV from the first known literature
from 1962 to more recent studies. It is a review on POWYV and its
comparison to other vector-borne diseases. The data were gathered
on epidemiology, etiology, pathophysiology, as well as the clinical
and diagnostic understanding from previously reviewed articles,
research studies, and medicine textbook. This information was
gathered and searched with the use of following keywords: ticks,
Ixodes, scapularis, POWYV, vector-borne diseases, deer-tick virus
(DTV), flavivirus and meningoencephalitis. Numerical data were

gathered from US Environmental Protection Agency, Center for
Disease Control and Prevention, and US Geological Survey. Data
were analyzed for statistics on recent weather changes, incidence
and prevalence, and geographical expansion of the disease.

THE VECTOR AND THE VIRUS
The Vector

Powassan is primarily transmitted through ticks, which are
pathogen carrying, small blood sucking arthropods that infect
humans by biting them. Ticks belong to the class Arachnida,
order Parasitoformes, and suborder Metastigmata, which further
subdivides into three families; Ixodidae (hard ticks), Argasidae
(soft ticks), and Nuttalliellidae (9) (Figure 2). Ticks originated
during the “pre-mid Cretaceous period,” with Ixodids probably
sprouting from the parasites of reptiles during the Paleozoic and
Mesozoic era (10). Ixodidae is the largest family comprising of 14
genera, which has around 702 species and holds great importance
as it relates to infectious diseases seen around the world (11). The
lifecycle of Ixodidae ticks are somewhat complicated. Some hard
ticks stay with the same host throughout their life cycle while
others change hosts with each phase of their development (12)
(Figure 1). Host selection for the ticks relies upon the physi-
ological characteristics of the host including smell of the body
and breath and its thermoregulation (12).

Ticks are known to wait in paths that have been established for
host movement in pattern called “questing” and during that time
ticks place themselves in the optimal positon for host attachment
(12). They must consume blood from the host to survive, and if
the host is infected the tick will become infected in the process.
This then leads to infection of other hosts. Ixodid ticks can rely
upon one-, two-, or three-hosts to complete their lifecycle (13).
The most common tick causing Lyme and Powassan disease goes
through a three-host lifecycle (Figure 1). The full cycle lasts from
2 to 3 years, although most ticks do not end up surviving the full
cycle (12, 13). The metamorphosis from one stage to another is
dependent upon seasons (13). The host species for each stage is
different (13). Usually the first host during the larvae stage is a
small rodent which is followed by another rodent, lagomorphs,
or a bird in the nymph stage. Final stage is characterized by an
adult hosting on a “larger herbivore, carnivore, or human” (13).

Ixodidae (hard ticks) are found around the globe and cause
a number of diseases, including Crimean-Congo hemorrhagic
fever in Europe, China, Africa and Middle East, Kyasanur
forest disease in southern India, Omsk hemorrhagic fever in
west Siberia, and tick-borne encephalitis in Japan, Russia and
Albania (10). In the US, most tick-borne diseases are caused
by Ixodes scapularis, Ixodes cookei, Ambylomma americanum,
and Dermacentor variabilis (Table 1). Diseases like Powassan,
Lyme, anaplasmosis, and babesiosis are all transmitted by
I scapularis also known as the “deer tick” or Ixodes dammini
(14), which is present in the Northeast, Midwest, and the Gulf
coast regions of the US. Even though I. scapularis has a wide
geographic distribution, there are other non-geographic factors
contributing to the higher incidence of tick-borne illnesses in
the Northeast and Midwest (14). I. cookei is the second vector
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FIGURE 1 | Three-host life cycle of Ixodes. Derived from Ref. (13).
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FIGURE 2 | Taxonomical representation of Ixodidae and a listing of hard ticks; Ref. (9).

* Ixodes scapularis- black legged
deer tick

* Ixodes cookei- groundhog tick

* Ixodes pacificus- western black

* Ambylomma americanum- lone
star tick

* Ambylomma maculatum- gulf
coast tick

* Dermacentor andersoni-rocky
mountain wood tick

responsible for transmission of the POWV (15). I. cookei, which
is more commonly known as “woodchuck or ground hog” tick
is quite similar to deer ticks. They are not very common in the
tick family worldwide, although they are the second most com-
mon ticks from the Ixodae family in Maine, USA (15). These

ticks are mostly found in the New England, northern Midwest
and southern Canada (16). As these areas are cooler, I. cookei
are seen primarily in the summer (16). Another species of tick,
Hemaphysalis longicornis is known to transmit the virus in East
Russia (17).
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The Virus

Flaviviruses, of which Powassan is one, are scattered throughout
most of the globe and billions of people are at risk of infections
(18). Flavivirus is a member of the family Flaviviridae, which has
two other members, Pestivirus and Hepacivirus (19) (Figure 3).
Flavivirus gets its name from yellow fever virus, as Flavus in Latin
stands for yellow (20), echoing the hyperbilirubinemia caused

TABLE 1 | Most common tick-borne diseases in US; Ref. (7).

Diseases Ticks

Powassan disease
Babesiosis

Lyme disease

Rocky mountain spotted fever

Ixodes scapularis and Ixodes cookei

1. scapularis

|. xodes scapularis and Ixodes pacificus
Rhipicephalus sangunineus and

Dermacentor variabilis
Stari A. americanum
Ehrlichiosis A. americanum
Anaplasmosis 1. pacificus
Tularemia D. variabilis

Rickettsia parkeri rickettsiosis Ambylomma maculatum

from the hemorrhagic presentation of yellow fever. Similarly, the
other two members of Flaviviridae also derive their names from
Latin; Pestis meaning plague and Hepatos meaning liver (19).
Members of the flaviviradae share morphological and genetic
structure as they are all positive sense RNA viruses; however,
they still represent unique physiological characteristics and do
not always exhibit the same antigenic properties (19).

RNA viruses that are positive sense are classified based on
the similarities of their RNA-dependent RNA polymerase (19),
which is a key component of their transcription machinery.
Flavivirus are primarily transmitted through two vectors includ-
ing ticks and mosquitos. There are more than 70 virus species
in the genus (19). Those of medical importance include, POWYV,
dengue fever, yellow fever, tick-borne encephalitis, and zika virus
(21). Powassan and zika have received recent attention because
of their geographic spread and the seriousness of the illnesses.
Yellow fever and dengue represent viruses capable of causing
hemorrhagic sequels. Dengue has a much higher incidence than
Powassan or zika with an estimated 50-100 million cases yearly
worldwide (22). Tick-borne encephalitis has also been a leading
public health concern in Europe and Asia (2).

FLAVIVIRUS

-Powassan virus
-Dengue VIrus

|

FLAVIVIRADAE

|

PESTIVIRUS

-Bovine viral diarrhea virus

-Classical swine fever virus

FIGURE 3 | Flaviviradae genus and species overview; Ref. (19).

HEPACIVIRUS
- Hepatitis C virus

-Canine hepacivirus
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As a positive sense single strand RNA virus, Flavivirus
replicates in the host cytoplasm and is capable of carrying out
translation from the host ribosomal structure. Translation is a
process by which viruses or other organisms can reproduce
proteins. Direct ribosomal translation is a unique characteristic
of positive sense RNA viruses. These RNA viruses also carry out
RNA transcription in the host cell using RNA dependent RNA
polymerase to create negative sense mRNA using positive sense
mRNA as a template. This process repeats itself except the second
time around negative sense mRNA, created the first time is used
as a template to create positive mRNA. Through this process posi-
tive sense RNA viruses are more easily replicated than negative
sense RNA viruses, which contributes to the degree of infectivity
and disease prevalence associated with these viruses.

There are two discrete lineages of POWYV that have been found
in western hemisphere and Russia. Lineage I is the POWV and
lineage II is the DTV. Despite some phylogenetic differences, the
two lineages share 84% of the nucleotide and 94% of the amino
acid sequence (23, 24). They also share antigenic similarity and
are believed to have a common origin (25) from where they
diverged 485 years ago (8). Serologically the two lineages cannot
be differentiated and represent the two genotypes of the same
virus (23, 24). The POWYV lineage involves I. cookei and Ixodes
marxi and mammals, like red squirrels, Tamiasciurus hudsonicus,
ground hogs, Marmota monax, and skunks, Mephitis sp., while
the DTV lineage involves I. scapularis (6). Even though Powassan
is a Flavivirus consisting of miniature units around 50 nm (19),
it exhibits great variability and genetic complexity. Based on
detailed study of the genetic structure and complete decoding
of the nucleotides, Powassan is the most diverse member of
the Flavivirus family (26). POWV strain LB, was identified in
human brain in Ontario, Canada in 1958 (26). POWYV strain
LEIV-3070Prm was segregated from H. logicornis (bush tick)
in Primorsky Krai, Russia in 1977 (27). POWYV LEIV-3070Prm
shares 99.7% of similarity with POWYV LB found in Canada and
resembles 99.5% of the Powassan strains found in Far-Eastern
Russia (27).

INOCULATION

Tick attachment to the host happens after successful “questing”
(12). Compared to other tick-borne diseases, Powassan hasa much
shorter transmission time, as infection can occur 15 min after
tick attachment (28). During the attachment, tick saliva serves
as a local anesthetic to the skin and facilitates viral transmission
(29). At the time of viral inoculation, the skin immune response
changes gene expression to upregulate inflammatory cells (30).
At 3 h post inoculation (hpi), inflammatory cytokines and
chemokines like interleukin (IL)1B, IL6 IL 6A, toll-like receptor
4, and chemokine receptor type 3 (CCR3) are all upregulated (30).
These inflammatory mediators in turn increase the number of
phagocytes and neutrophils as part of the immune response (30).
When the post inoculation response of POWYV was studied up
to 24 hpi, some interesting new findings were seen. It was found
that neutrophils and mononuclear cells were still the primary
leukocytes at the site of inoculation at 3 hpi; however, at 12 and
24 hpi, the immune response was much less robust as compared

to 3 hpi (29). A unique finding was the presence of macrophages
and fibroblast containing Powassan antigen at 12-24 hpi (29).
Macrophages are phagocytes that engulf foreign antigen as well
as cell debris, while fibroblast produce connective tissue and is
a marker of tissue “repair” The presence of Powassan antigen in
these cells clearly shows that these cells were the target of infection
(29). Downregulation of inflammatory cells at 12 to 24 hpi is also
a clear indicator of tick saliva serving as an immune-modulator.

It has also been reported in a study by Hermance and
Thangamani that mice that were inoculated with POWV in
absence of tick saliva were able to survive the disease in contrast
to those mice that were injected with the virus in presence of tick
saliva (31). The presence of interleukins and other leukocytes at
the site of viral insertion should be a deterrent to any pathogen in
an immunocompetent individual. The progression of Powassan
infection is an indication that tick saliva is not only shielding
the virus but also downregulating the immune response at the
local site of insertion (29). This downregulation is secondary to
the multifaceted immunomodulation of tick saliva. However, it
is unclear whether the immune-downregulation by tick saliva
is due to “pharmacologically active components” in saliva (31)
or POWYV itself plays a significant role in immunosuppression
at the cutaneous level. Once the virus penetrates the dermal
and muscular layers and finds its way to the serum, it is only a
matter of 8-34 days (32), in most cases, before the wide array of
symptoms begin.

PRESENTATION AND SYMPTOMS

Powassan can be a rapidly progressing, neurological disease.
Bacterial meningoencephalitis is characterized by a rapid inva-
sion of the central nervous system (CNS), with signs of meningeal
irritation and neurological deficits developing over the course of
hours to days. However, tick-borne viral infections follow a more
insidious course. Once inside the blood-brain barrier (BBB) and
completely disseminated into the cerebrospinal fluid (CSF) and
parenchymal tissue, tick-borne and non-tick-borne viral infec-
tions show a similar range of severity of symptoms. The symptoms
of Powassan infection vary from person to person, as some are
asymptomatic and others have a more progressive course.
Figure 4 shows the symptoms reported in cases of Powassan
infection. They include headache, fever, focal neurological
deficits, confusion, generalized weakness, ataxia, somnolence,
speech problems (aphasia, dysarthria), and seizures (33). The
most common initial symptoms are headache and fever (34,
35). Although not present in majority of cases, a maculopapular
rash on trunk and chest has been reported in few cases with no
specific pathognomonic features (34). Powassan infection starts
by mimicking a common cold, but rapidly advances into more
severe symptoms. Neurological symptoms develop very rapidly
after infection. Involvement of upper and lower motor neurons
is common, and is more pronounced than that usually seen in
other viral encephalitis. Other symptoms reported include spastic
and flaccid paralysis (32), dizziness, nausea, vomiting, positive
Babinski sign, blurry vision, diplopia, nystagmus, upward gaze
palsy, and neuropsychiatric symptoms including anhedonia and
depression (34, 35). Some cases also show intra-parenchymal
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FIGURE 4 | Signs and symptoms of Powassan virus; Ref. (32, 34, 35).

hemorrhage and subdural hematoma causing focal neurological
deficits like hemiplegia and hemiparesis. These patients lacked
previous vascular pathology or bleeding diathesis, raising con-
cerns Powassan may have actions similar to other hemorrhagic
viruses like dengue and yellow fever.

Other Falviviruseslike TBEV, West Nile virus (WNV), Japanese
encephalitis virus (JEV), and St. Louis encephalitis virus (SLEV)
also penetrate the BBB and cause neurologic symptoms, although
their mode of entry into the brain varies. WNV and JEV gain
entry into the CNS through infecting microvascular endothelial
cells while SLEV enters the CNS through the olfactory neural
pathway (36-38). TBEV has been noted to damage the endothelial
lining of the vascular cells without breeching the BBB (39). The
mechanism with which TBEV crosses the BBB is still unknown
but study has shown that it infects the endothelial cells of the
microvasculature and uses a cellular uptake mechanism to gain

entry through the BBB (39). The exact mechanism of invasion for
various neurotropic viruses is still an ongoing research and will
require more in-depth analysis.

To gain understanding of the effects of POWYV on various body
tissues, the study by Santos et al. infected C57B6 mice with the
virus (32). Tissues samples from different organs were collected,
developed, and examined histologically. The three most com-
monly affected organs were the CNS, lymphoid tissue, and the
spleen (32). In brain, both parenchymal and perivascular tissues
were infiltrated by mononuclear cells with increase presentation
of several cell turnover markers [Glial fibrillary acidic protein
(GFAP) and CD11B]. GFAP is a marker for astrocytes while
CD11b is a marker for microglial cells. Neurons throughout the
CNS were commonly affected, as well as the anterior motor horn
of the spinal cord. Outside the CNS, lymphoid tissue and spleen
showed an increase in tangible body macrophages and white

Frontiers in Public Health | www.frontiersin.org

December 2017 | Volume 5 | Article 342


http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive

Fatmi et al.

POWV—A New Reemerging Tick-Borne Disease

pulp hyperplasia. Viral antigen was recovered from cortical and
pericortical sections of the spleen. Some perivascular involve-
ment was also seen in the liver (32).

All of C57BL/6 mice that were inoculated with POWYV in this
study died (32). This is in spite of the fact that C57BL/6 mice
are known to have some resistance to POWV (17). Necropsy
of the mice with tissue analysis showed increased expression of
the astrocyte marker, GFAP, and the macrophage (microglial)
marker, CD11b. This rise in GFAP and CD11b was secondary
to the invasion of Powassan into parenchymal tissue. Post infec-
tious inflammatory and repair response from the cells led to the
increase cell marker expression.

The study also showed changes to motor neurons in the ventral
horn of the spinal cord. These are also the neurons affected by
poliomyelitis. Flaccid paralysis, which represents a lower motor
neuron lesion was observed in the mice that were inoculated with
POWYV. Both upper and lower motor neuron signs have been
described in regard to Powassan cases (40-43). Upper motor
neuron signs, like spastic paralysis and focal neurological deficits
are an obvious presentation with parenchymal invasion and
increased cell marker expression. However, the affinity of POWV
for the ventral horn of spinal cord causing lower motor neuron
sign is a unique feature that needs further study. It is a major
concern to see a tick-borne infection show similar pathology to
poliomyelitis.

There needs to be further evaluation of the perivascular
infiltration in the CNS and liver. As stated previously, Powassan
is known to have caused vascular insults and perivascular inva-
sion by mononuclear infiltrates. Signs of bleeding in the CNS
with no previous vascular anomalies could represent immune-
complexes causing damage to the endothelial cell lining of CNS
vessels. Further study is also needed to determine whether the
intracerebral bleeding and perivascular deposition is second-
ary to the virus crossing the BBB or whether it is primarily an
immune mediated mechanism. Immune mediators like cytokines,
chemokines, and metalloproteinases play a significant role in
compromising the BBB (44). Santos et al. (32) demonstrated an
increased GFAP signal as a marker for astrocytes. GFAP is known
to cause an increase in levels of MMP 9, which damages the BBB
and is a mechanism by which Flavivirus have been known to
invade the CNS (45). Overall the immune mediated process not
only supports the breech of the BBB but also shows involvement
in the vascular insult. There was also involvement of the spleen
and the lymphoid system. Although there was no marrow inva-
sion, the structural integrity of red blood cells could have been
compromised due to splenic involvement, raising the concern
for some kind of hematologic relationship behind the vascular
insults.

DIAGNOSTIC CHALLENGES

Imaging Studies

The diagnosis of tick-borne diseases represents a clinical chal-
lenge on multiple levels, as most disorders are diagnosed on a
combination of clinical suspicion with serological and imaging
evidence. Even though body fluids and tissues can be obtained

for culture and further testing, there is still the uncertainty of
the presence of an organism in that specific location. Infectious
diseases are mercurial and diagnosis is not as straight forward
as a biopsy that would yield in a neoplastic process. In Powassan
infected patients with neurological symptoms, the work up starts
with imaging in most cases, to rule out a mass lesion or cerebral
hemorrhage as a cause of symptoms. Computed tomography (CT)
scans and magnetic resonance imaging (MRI) of the brain are the
two modes of imaging that are employed. CT scans are primarily
X-ray-based imaging modality while MRI scans employ strong
Tesla magnets to scan through body tissues. CT scans are very
sensitive for blood and bone abnormalities as well as providing
a good overview of any possible mass lesions with iodine based
contrast agent being an enhancing option. MRI is an excellent
tool for soft tissue detail and is primarily employed to pick up
ischemia, in-depth analysis of mass lesions with or without
gandolium based contrast agents as an enhancing option. The
quality of the image is machine and operator dependent in most
cases; however, MRI cannot be employed in emergency setting as
it requires the patient to be still throughout the scan.

Acute presentations of Powassan will show no abnormalities
ona CT scan unless there is intra-parenchymal bleeding and sub-
dural hematoma (35). In cases where intracranial bleeding is seen,
a further modified type of CT scan referred to as CT angiogram is
utilized to visualize the vascular structures (35). CT angiogram in
those cases showed no loss of vascular integrity. On MRI, some
cases show no abnormalities or vascular insults, while others
showed T2 fluid attenuated inversion recovery (FLAIR) hyperin-
tensity (34). Hyper-intensities seen on T2 FLAIR sequence are a
common imaging finding in the elderly and can be seen in variety
of pathologies including ischemia, diseases of demyelination,
and neuropsychiatric disorders. These hyper-intensities are most
commonly seen in periventricular white matter, perivascular
space and deep white matter. The presence of hyperintensity on
MRI without other tissue abnormality suggests that MRI may be
more useful than CAT scan as it relates to Powassan. The vascular
insult and the T2 hyperintensity do improve with the resolution
of symptoms (34, 35). The hyperintensity on the MRI is a marker
of Powassan-related tissue or vascular changes as they disappear
with symptomatic improvement while they are persisting when
found incidentally in an elderly patient.

In cases from the Midwest it has been reported that the initial
CT scan of the brain was unremarkable while the MRI showed
non-specific hyperintensity in cases from the Northeast. The
relatively small sample size (n = 4) from the Midwest study and
the coincidental physician preference for MRI in Northeast and
CT scan in the Midwest should be taken into consideration.
However, these studies still raise a concern about the nature
of Powassan that is present on the East Coast vs. the Midwest.
I scapularis is the main vector for transmitting Powassan on the
East Coast, while 1. cookei is the main vector in the Midwest.
The question arises, does the vector also play a role in the way
Powassan presents? Or does the vector somehow alter the virus?

Serologic Testing and CSF Analysis
After imaging and clinical suspicion, serological data are obtained
to support the diagnosis. CSF analysis and serum testing through
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different means is a key in establishing the diagnosis of any
infectious process (Table 2). Tests like C-reactive protein, sedi-
mentation rate, and complete blood count are too non-specific to
establish the diagnosis in any infectious process. CSF analysis is
crucial in conditions that involve the CNS, as neurological deficits
are a clear indicator of breach of the BBB. In patients infected
with Powassan, there was a prominent rise in protein and a vari-
able rise in glucose, which was gradual in nature (34, 35). There
was also leukocytosis with lymphocytic pleocytosis with a rise in
nucleated segments in few instances (34, 35). Bacterial meningitis
and encephalitis almost always give rise to neutrophils while
viral processes cause an increase in lymphocytic count. However,
under rare circumstances there is a rise in nucleated segments
that is not typical for viral presentation and further complicates
the pathophysiology of the disease.

In addition to the cell count, CSF should also be examined
using various methods to look for IgM antibody against POWV
(34, 35). Elevation of IgM represents an acute or an active infec-
tion in most cases, while elevation of IgG only indicates the
presence of antibody without any specification on it being an
acute or a resolved infection. Enzyme-linked immunosorbent
assay (ELISA) can be utilized to detect IgM antibodies in the
CSEF, although positive results are found only in a minority of
cases (34). Even though CSF is the first place to show a non-
specific change (the rise in cell count), a positive IgM will not
be detected in CSF in the majority of cases. ELISA-based IgM
and immunofluorescence antibody (IFA) assay should be done
on a serum sample to check for active Powassan infection (47).
Positive ELISA IgM and IFA can be confirmed by a plaque
reduction neutralization test, which can enumerate the actual
antibody titers (47). As compared to imaging, CSF analysis, and
antibody testing, serum IgM testing is the most specific (34, 35).
The lack of widely available serological tools is a major cause of
delayed diagnosis of Powassan. Powassan testing is usually done
only by state health departments and confirmed by the Center
for Diseases Control and Prevention, as not all laboratories are
equipped to carry out ELISA based IgM testing for Powassan
(35). Because most Powassan cases present with non-specific
symptoms, there is usually extensive testing for other tick-borne
diseases before the possibility of Powassan is even considered
(35). Even though the incidence of Powassan is rising, the com-
parative prevalence of Powassan compared to other tick-borne
conditions is still quite low.

Another concern with tick-borne diseases is the possibility of
concurrent infections. Most flavivirus are transmitted by a vector,

either a mosquito or tick. The issue of concurrent infection is
important not only due to the common vectors and geographic
proximity but also due to the vague and non-specific presentation
of these diseases. Frost et al. examined the serologic evidence of
Lyme and Powassan as well as serologic evidence of Powassan
with symptomatic IgM positive Lyme cases with consideration for
cross reactivity that might exist due to similar antigenic proper-
ties (47). Overall 43.2% patients with some serologic evidence
of Lyme diseases also had 17.1% serologic evidence of POWV.
Lyme IgM was also detected in 85.7% of patients with evidence
of sero-positivity for acute Powassan infection (47).

INCIDENCE AND PREVALENCE

There were only a few cases of Powassan infection reported
each year in the last half of the twentieth century in Canada and
US, although Powassan was found in eastern Russia as well (6).
However, the number of cases has increased considerably in the
recent years in Canada and US, with reports of virus being found
in Siberia, Alaska, and New Mexico (25). From 1958 to 1998,
only 27 cases of POWYV were detected throughout the world (3).
However, there has been a sudden increase in the number of cases
of POWYV worldwide, especially in the US (3). From 1999 to 2016,
98 cases of Powassan infection were reported. The average cases/
per year were 0.7 cases from 1958 to 1998 and the average rose to
5.4 cases/per year from 1999 to 2016 (3, 4). While there is a major
lack of aggregated data and not all cases are reported, there has
been at least a 671% rise in number of reported cases in the last
18 years compared to the 40 years before that. Emergence of a rare
disease can be related not only to the vector and the antigenic drift
and shift of the virus but also the host adaptation for new niche
and habitat with concurrent changes in topography and climate.
Previously the virus primarily infected a species of tick that did
not bite humans. However, there has been a change in the ecology
of Powassan, and now the more common deer tick has become
infected (48). Since deer ticks do bite humans and are present in
a wide geographic distribution, this has led to a rapid increase in
the spread of POWV.

There are two major considerations that determine the geo-
graphic distribution of tick-borne diseases—the range of tick
vectors and the spread of the virus within the vector popula-
tion. Both Lyme and Powassan have shown “northward spread”
from endemic areas in the US (49). The overall transmission
of Powassan involves hosts like Myodes spp. voles in north,
Peromyscus mice in south, P. maniculatus and P. truei in Mexico,

TABLE 2 | Cerebrospinal fluid analysis; Ref. (34, 46).

Condition WBC (x10°/L) Glucose (% of serum glucose) Protein (g/dL) Opening pressure (mmH:0) Appearance

Normal 0-4 >60 <0.45 50-250 Clear

Powassan Elevated Mildly elevated Elevated - -

Bacterial 1,000-5,000 polymorphs Decreased Increased nli/Increased Cloudy

Viral 10-2,000 lymphocytes Normal nl/Increased Normal Clear

SAH nl/Slightly raised Normal Elevated Elevated Blood-stained xanthochromic
Tuberculosis 50-5,000 lymphocytes Decreased Elevated nl/Elevated Clear/cloudy

SAH, subarachnoid hemorrhage; nl, normal.
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and M. rutilus in Siberia (25). Since I scapularis is a shared
vector between Powassan and Lyme, the increasing prevalence
of Lyme in Canada also raises concerns about emergence of
babesiosis and granulocytic anaplasmosis (49).

Although Powassan is one of the least studied flaviviruses,
there are few hypotheses on the spread of this disease. A study
by Deardorff et al. discuss two hypotheses regarding geographic
expansion of POWV (25). The first hypothesis suggests that tick-
borne encephalitis Flaviviruses in the Old and New Worlds settled
during the ice age in the “Palearctic and Nearctic” refuge areas
and then expanded along the continental mainlands. The second
hypothesis suggests that during the twentieth century, POWV
was habituated from North America to Russia (25). Migration of
mammals and moving warmer temperatures circulated the virus,
consequently increasing its incidence. Neither of these hypoth-
eses is independent of the other and the spread of POWYV into
the western hemisphere is still unclear. Other factors suggestive
of Powassan spread are the increased population of white-tailed
deer and migratory birds, which spread and introduce ticks to
new regions (50).

While the origin of POWYV is unknown, there is clear evi-
dence that the spread of Powassan and other tick-borne diseases
is highly dependent on the presence of ticks and their existence.
Ticks live primarily in wooded or grassy areas, but are found
even in urban woods and gardens. Tick survival is dependent on
temperature, humidity, habitats, and the presence of other (10)
“well-qualified requirements such as suitable host availability,
temperature fluctuations between —10 and 4+35°C, and constant
relative humidity not lower than 80% in the air” (50). Ticks
thrive in a warm environment, which explains their population
increase being directly proportional to the rise in temperature as
a consequence of global warming. 2015 was the warmest year on
record worldwide (51) and is a testament to the expected con-
sequences of global warming. According to the research by Levi
etal, 2050s would be much warmer compared to the first decade
of 2000, which would advance nymph and larval phenology
10 days before the cycle time (52). The warming temperatures
would be expected to increase the pathogenic transmission

with advancing nymph and larval activity (52). There are also
evidences suggesting that an increase in temperature will give
rise to an increase in “overwinter survival, abundance, and geo-
graphical ranges of Ixodid tick vectors” (52). Statistically, from
the 1900s, the global average surface temperature has increased
at an average of 0.15°F per decade (51). Whether longer and
warmer summers, shorter winters, or arctic ice plates melting,
all these factors contribute to the increase in temperature, hence
an increase in tick survival.

Since 1895 there has been a significant change in annual tem-
peratures of US with an increase ranging from 1.3-1.9°F (53-61)
(Figure 5). Expansion of a diverse group of tick species would
be predicted when there are warmer winters, and prolonged
autumn and spring seasons (62). There are documented reports
of expansion of tick due to the warmer weathers into the areas
where they were not found before (50). Although warm weather
is an important driving force for a wide expansion of the tick
population, “changing rainfall patterns” might be playing a role
as well (50).

Man-made deforestation, due to farming and logging
operations contributes to global warming (63) and the resultant
increase in the tick population. It has been estimated that defor-
estation is responsible for about 10% of total global warming
emissions (63). Another factor contributing to the tick survival
is humidity. Black legged nymph tick survival was decreased
with exposure to dry air (64). Lower humidity is also fatal for
hybrid ticks (65).

Tick density has been increasing annually in both southern
and northern hemispheres, having a direct relationship to mild
temperatures, low precipitation, low forest cover, and high
urbanization (66). A study that collected ticks from 44 locations
over a 7-year period showed that climate change and land use
brought about changes in the density of I. scapularis. The change
is the increased density of the tick which directly correlates to the
increased incidence in tick-borne diseases (66).

Apart from ecological conditions, there are certain physi-
ological features, which greatly affect tick survival and questing.
Heat shock proteins (hsp) and stress response proteins (srp) are
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proteins that help protect organisms from damaging condi-
tions like high temperature and humidity (50). Glutathione
S-transferase, selenoproteins, metallothioneins, and ferritin
are such proteins present in ticks which are involved in cellular
responses to environmental stresses like heat shock, oxidative
stress, tick attachment, blood feeding, and pathogen infection.
Recent studies have shown that during exposure to warm
temperatures and blood feeding, proteins like hsp20, hsp70,
and subolesin are strongly activated in I. scapularis. During the
process of blood feeding, tick develop immune response against
pathogens attributing to their survival. These stress proteins
not only help I scapularis speed up the questing process but
also protect them from environmental stress and pathogen
infections.

As these ectoparasites expand worldwide, they also pose
a threat to animal life (10) and destabilize vector and host
equilibrium in animal kingdom. Ticks bring harm to animals
in other ways than just transmitting diseases. Ticks, being the
most important parasite that lives on cattle and other herbivores
such as deer and mouse, lower the value of leather and cause
anemia by sucking blood, which affects their growth, fertility,
body weight, and milk production (10). There has been only
limited study on Powassan infection in animals. Powassan has
been reported to cause viremia with neurological symptoms in
snowshoe hares (Lepus americanus) in Alberta, Canada (67) and
wild murine rodents (68) and horses (10). Other Flaviviruses
like TBEV, which cause human diseases in far-Eastern and
Western Europe, also causes neurological damage in animals
like, monkeys, horses, and dogs. Infected livestock animals like
goats, sheep, and cows are known to transfer the virus through
their milk onto their offspring and humans (10). Lyme disease
also cause joint diseases in animals, and symptoms like loss of
weight and appetite and renal diseases in dogs, cattle, horses,
and cats (10). Thus, animals may also be subject to Powassan
infection.

PREVENTION

Tick-borne diseases all cause relatively non-specific, albeit some-
times very serious symptoms and diagnostic challenges, which
make prevention of infection a priority. With the urbanization
and climate change favoring growth in the tick populations, vector
control is not the easiest of achievable goals. However, education
on preventing tick bites can go a long way in preventing tick-
borne diseases. Use of repellents and wearing long, light clothing
when in wooded or grassy areas is important in decreasing tick
contact. Knowledge of the signs of tick bites is also important.
For tick-borne viral diseases, immunization is a crucial ingredi-
ent in developing host immune response. For the past 80 years,
yellow fever live attenuated vaccine has substantially decreased
the number of disease cases (18). Many cases of JEV have been
prevented by live attenuated vaccines. However, at present there
are no affective vaccination modalities available for zika virus,
dengue or Powassan; although, efforts on creating and improv-
ing vaccination are under way (18). In general, live attenuated
vaccines are known to cause competent immune response with

the slight risk of active infection as a side effect. Live vaccines,
for the most part, are given to immunocompetent individuals.
With the rise in Powassan cases, development of a vaccine and
post exposure prophylaxis protocol is an important public health
priority.

Recently studies by Gomes-Solecki et al. and Tsao et al. suggest
a pivotal role of outer surface protein A (OspA)-based vaccina-
tion in wildlife, which may reduce tick-borne pathogens in ticks
(69, 70). OspA is an outer surface protein gene that encodes the
outer membrane and is the main antigen of Borrelia burgdorferi,
a predominant, causative agent of Lyme disease. The research
showed how the Lyme infection in ticks was reduced when the
ticks were fed on OspA-immunized mice. Even though Lyme is
a bacterial infection, the idea of an outer surface protein based
vaccination for wildlife spreading POWYV can be as essential
to the public health as was the vaccination for Lyme due to its
good turnover. Regardless of the fact that the pathogen is viral,
bacterial, or protozoal, by vaccinating target hosts and the use
of pesticides would not only reduce the tick population but also
decrease the pathogen transmission to humans and possibly
decrease incidence of tick-borne diseases.

CONCLUSION

Cases presenting to medical authorities, with neurological
symptoms of unknown origin in a tick infested area, should
always have Powassan encephalitis as a differential diagnosis.
Most cases presenting with neurological deficits with non-
specific signs indicating an infectious process are tested for
various tiboviruses and other bacterial and protozoal infec-
tious diseases before being tested for POWYV. Even though the
incidence of Powassan is on the rise, the lack of widely available
testing and non-established protocols has played a significant
part in delayed diagnosis. With the neurovirulent nature of the
virus, any delays in diagnosis can leave long-lasting neurological
sequels and in fact 50% of people with Powassan CNS involve-
ment end up having long-lasting neurological insufficiencies.
Serologic methods utilizing antibody testing hold great
potential for achieving the diagnostic yield. Imaging findings
are sensitive in ruling out other pathologies and can play a sig-
nificant role in future research in establishing pathognomonic
findings. However, they still lack the specificity to achieve the
diagnostic yield. The most obvious diagnostic challenge is the
lack of established guidelines. There is a great need to develop a
testing protocol encompassing serologic methods, aspirational
or biopsy techniques under the guidance of imaging or a
combination of both. While standard guidelines are vital in any
infectious process, equal emphasis should be placed on widely
available serologic testing, which would substantially decrease
the diagnostic turnaround time.

Tiboviruses not only cause significant damage by the types
of disease they cause, in the context of humans and cattle, but
also cause a significant fiscal strain on the health industry
as extensive testing is required before the diagnostic yield is
achieved. There should be strict emphasis on creating aware-
ness about strategies on tick-bite prevention. There is also a
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need for vaccination development, post exposure prophylactic
use of antivirals and immunoglobulins, and guidelines for
treatment modalities should be established. Patients infected
with Powassan are only given symptomatic and supportive
treatment as there is no antiviral therapy that is FDA approved
for Powassan treatment. With Powassan being one of the least
studied flavivirus, despite its neurological severity and increase
incidence, patients infected are tested and treated for other
medical conditions ever before receiving any kind of supportive
treatment for Powassan.
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