
https://doi.org/10.1177/20499361241247470 
https://doi.org/10.1177/20499361241247470

Ther Adv Infect Dis

2024, Vol. 11: 1–25

DOI: 10.1177/ 
20499361241247470

© The Author(s), 2024.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

journals.sagepub.com/home/tai 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

TherapeuTic advances in 
infectious disease

Introduction
Powassan virus (POWV), belonging to the 
Flavivirus genus, is closely akin to tick-borne 
encephalitis virus (TBEV), which has been exten-
sively studied in both Europe and Asia, with more 
than 10,000 cases, posing an increasing threat to 
public health. In humans, TBEV induces central 
nervous system (CNS) infections, with the poten-
tial for severe consequences, including lasting 
neurological complications and, in some cases, 
fatality.1 Like TBEV, POWV is transmitted by 
ticks and can inflict significant damage to the 
nervous system. Its recognition as a human path-
ogen dates back to 1958, originating from the 

isolation of the virus in the brain of a young child 
who succumbed to encephalitis in Powassan, 
Ontario.2,3 The virus is categorized into two dis-
tinct lineages: lineage 1 (POWV), found in North 
America and far Eastern Asia, and lineage 2 
(DTV), exclusively present in North America. 
Despite representing two genotypes of the same 
virus, these lineages cannot be differentiated 
through serological methods.3,4 Ticks from the 
Ixodes genus, including species like Ixodes cookei 
(lineage 1), Ixodes marxi (lineage 1), and Ixodes 
scapularis, also known as the black-legged or deer 
tick (lineage 2), act as the primary carriers of the 
POWV. Graphical representation of the Powassan 
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virus (POWV) Encephalitis is depicted in Figure 
1. The virus is transmitted to humans through the 
bite of an infected tick, which has previously been 
fed to animals such as groundhogs, squirrels, 
mice, or other rodents carrying the virus in their 
bloodstream.5,6 In addition to the recognized 
transmission modes, there exist alternative path-
ways, including trans-stadial transmission, verti-
cal transmission to offspring and transmission 
through infected milk, through which the POWV 

may propagate. Integrating these lesser-explored 
transmission routes into ongoing research and 
surveillance endeavors holds the promise of 
attaining a more holistic comprehension of 
POWV dynamics.7,8

Due to the POWV’s diverse clinical presentation 
and the absence of precise diagnostic techniques 
that match the intensity and complexity of the 
disease, this virus is regarded as a diagnostic chal-
lenge. The POWV currently lacks a vaccine, thus 
individuals who are afflicted only get supportive 
care and symptomatic therapy.2 While the POWV 
has historically been infrequent, there has been a 
notable surge in cases over the past decade in 
both the United States and Canada. In the United 
States, the majority of POWV cases have been 
concentrated in the New England and Great 
Lakes regions. Specifically, the highest annual 
case counts are reported in Minnesota, Wisconsin, 
Massachusetts, and New York.9 Typically associ-
ated with a 10% mortality rate post-infection, 
survivors often grapple with enduring neurologi-
cal consequences, affecting at least 50% of those 
who recover.4 Despite its relative rarity, POWV 
cases have been consistently documented each 
year since the confirmation of the first case in 
Minnesota in 2008. In 2021, Minnesota reported 
five instances of Powassan viral disease, all pre-
senting severe neurological conditions – either 
meningitis or encephalitis – resulting in two fatali-
ties. Individuals afflicted with such extreme cases 
commonly endure persistent medical issues, 
including recurrent headaches, loss of muscle 
strength and mental challenges.10,11 The preva-
lence of long-term outcomes is observed in 
approximately half of individuals with encephali-
tis or meningitis, with 10–15% of cases ultimately 
resulting in death.10

An imperative demand for in-depth research and 
analysis on this flavivirus, particularly concerning 
its neurological manifestations, arises due to the 
existing gaps in our understanding of the POWV 
and its neurotropic properties. Conducting a 
comprehensive study could yield advancements 
in diagnostic methods, alternative treatments and 
potentially even the development of a vaccina-
tion. Our focus will extend beyond Powassan to 
include the tick-borne encephalitis (TBE) virus, 
given the limited availability of studies on 
Powassan, as we aim to scrutinize the neurologi-
cal symptoms associated with these viruses.

Figure 1. Graphical representation of the POWV 
encephalitis.
POWV, Powassan virus.
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Methods

Data sources and search strategy
This study followed the 2020 Preferred Reporting 
Items for Systematic Review and Meta-Analysis 
(PRISMA) guidelines12 shown in Figure 2.

We used MESH phrases and ‘AND’ and ‘OR’ to 
conduct an organized literature search in 

PubMed, Google Scholar, and Cochrane Library. 
We used the following search terms:

Powassan AND [‘encephalities’ (All Fields) OR 
‘encephalitis’ (MeSH Terms) OR ‘encephalitis’ 
(All Fields)]. Our objective was to encompass 
studies exploring neurological manifestations 
akin to those associated with POWV or TBEV, 
even if not explicitly tied to POWV itself.

Figure 2. PRISMA flowchart.
PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analysis.
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Study selection and eligibility criteria
Without regard to language, we accessed data-
bases from their creation until January 2024. 
Studies that matched the following PICOs crite-
ria were included in our analysis: (1) Individuals 
with a medical history featuring neurological 
manifestations similar to those linked with the 
POWV, even if not directly connected to 
Powassan, are included. This encompasses 
patients discussing symptoms or diseases compa-
rable to those associated with TBEV. (2) 
Following infection, some individuals had inci-
dent encephalitis. (3) Case-reporting and case-
series publications that describe the symptoms 
and (4) articles in English should be evaluated for 
inclusion. Following studies were excluded: 
Reports without a prior history of encephalitis or 
situations when encephalitis had already existed 
before the infection. (1) Articles in which the 
authors concluded that a different aetiology may 
account for encephalitis, (2) case-unspecific stud-
ies, and (3) abstracts or articles that were not 
available as full text.

Data extraction
Two investigators (SR and UZ) independently 
extracted the following information from each 
included study: study characteristics (first author, 
year of publication, country, sample size, and 
study type) and participant baseline characteris-
tics. Any disparities among the reviewers were 
resolved through group discussions, continuing 
until a consensus was achieved.

Risk of bias and quality assessment
Two authors (SR and UZ) independently assessed 
the risk of bias in the included studies using the 
Murad scale. This evaluation considered six evi-
dence-based criteria, examining aspects such as 
selection, representativeness of cases, ascertain-
ment of outcomes and exposure, and comprehen-
sive reporting.13 The questions utilized for the 
assessment of each study can be found in 
Supplemental Table S1. The classification of 
study bias was determined based on the number 
of criteria met. A study was categorized as having 
a low risk of bias if all six criteria were met, a mod-
erate risk of bias if five or four criteria were met, 
and a high risk of bias if three or fewer criteria 
were met.14 The corresponding scores for each 
study can be found in Supplemental Table S1. 

Any discrepancy between data extractions was 
resolved by the discussion or consultation with the 
third author (AF).

Results

Literature search
The study selection process is illustrated in Figure 
2, which presents a thorough PRISMA flow-
chart.12 Following the preliminary literature 
search, a total of 5246 articles were identified. 
After removing 326 duplicates, 4920 articles 
underwent screening. Upon screening, 4765 were 
excluded based on title and abstract review. After 
the full-text screening of 155 studies, 101 stud-
ies15 –115 were deemed appropriate for inclusion in 
this Review. The main characteristics of the 
included studies such as demographic data (age 
and gender), study design, publication year, study 
location, time of infection, incubation period, and 
time from onset of symptoms to diagnosis are 
presented in Tables 1 and 2, respectively.

Study characteristics
The review comprises an analysis of 101 studies 
that involve patients discussing symptoms or ill-
nesses related to either the POWV or TBEV 
across a multitude of countries. These studies 
comprise a mix of case reports and case series, 
varying from individual instances to multiple 
cases within a series. The countries under investi-
gation exhibit a wide-ranging diversity, spanning 
the USA, Sweden, Croatia, Russia, Germany, 
Poland, Switzerland, England, Denmark, 
Belgium, France, Austria, Italy, Netherlands, 
Finland, Saudi Arabia, Norway, Bulgaria, Turkey, 
Australia, Ireland and specific regions such as 
New York and Europe presented in Table 1.

Quality assessment
Murad scale was employed to evaluate the risk of 
bias in the included studies.13 The majority of 
studies demonstrated either a low or moderate 
risk of bias represented in Supplemental Table 1.

Neurological manifestations
The dataset comprises a diverse array of research 
conducted in various countries, including the 
USA, Sweden, Croatia, Germany, Poland, and 
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Table 2. Summary of symptoms, time from onset of symptoms to diagnosis and overall survival.

S.No. Author Cause of 
disease

Symptoms Time from onset 
of symptoms to 
diagnosis

Survival

1 Yu et al.15 POWV Meningoencephalomyelitis 6–12 months Death

2 Pach et al.16 POWV Fevers, headaches, and fatigue, malaise N/A Overall survival

3 Khan et al.17 POWV Fever: Up to 103°F (39.4°C), rigours and chills, vomiting, drowsiness, 
worsening, fatigue, malaise, intermittent lightheadedness, mild 
abdominal pain

2 weeks Overall survival

4 Solomon et al.18 POWV Testicular pain, fever, dysarthria, gait instability, low-grade fever, 
meningismus, bilateral upper extremity dysmetria, obtunded, lack of 
eye opening, absent response to pain, intubation status

7 days Death on day 14

5 Bazer et al.19 POWV Altered mental status, dysarthria, left facial droop, recurrent 
stroke, tick bites, acute to subacute left putamen infarct, cerebellar 
involvement, splenium of corpus callosum involvement, elevated 
WBCs in CSF, elevated protein in CSF, glucose abnormalities in CSF, 
axon loss with demyelinating polyradiculopathy, positive Powassan 
virus markers in CSF

1–3 days Overall survival

6 Dumic et al.20 POWV Meningoencephalitis 1 day Overall survival

7 Eleftheriou 
et al.21

TBEV Fever (up to 38.5°C), malaise and fatigue, temporary improvement 
followed by worsening, headache, progressive monoparesis in the 
lower right extremity, paretic right leg with difficulty in walking, 
hyperreflexia of the right patella, no Babinski’s sign, slight 
thrombocytopenia, lymphopenia, elevated transaminases

33 days Overall survival

8 Mittal et al.22 POWV Headache, vomiting, confusion, hypertension, fever. Rightward gaze 
deviation, poor respiratory function requiring ventilation, minimally 
responsive after sedation withdrawal, reduced short-term memory, 
wide-based ataxic gait, left abducens palsy

1 day Overall survival

9 Vilibic-Cavlek 
et al.23

TBEV Fever up to 39°C, headache, vomiting, pleocytosis 9 days Overall survival

10 Colman et al.24 POWV Mild headache, trouble dressing, acute confusion, new-onset blurred 
vision, decreased appetite, emesis, lethargy, persistent seizure 
activity, right-sided weakness

36 days Overall survival

11 Dumic et al.25 POWV Fever (38.8°C), Somnolence but arousable, meningeal signs, asterixis, 
encephalopathy with inattention, absence of spontaneous speech and 
inability to follow commands, negative motor signs, thrombocytopenia, 
hypokalaemia, elevated CSF protein, CSF lymphocytosis, negative 
head CT and brain MRI, respiratory failure

1 day Overall survival

12 Kakoullis et al.26 POWV Malaise, nausea, sore throat, high fever, headache, disorientation, 
cranial nerve palsies, convulsions, obtundation, tremors, twitching, 
nystagmus, hallucinations, hemiparesis, quadriplegia, respiratory 
failure, cognitive deficits, memory loss, hearing impairment, aphasia, 
muscle wasting, dysarthria, apnoea, psychosis, spastic hemiplegia

4 days Death

13 Birge et al.27 POWV Dizziness, fever (up to 103°F or 39.4°C), chills, malaise, nausea, 
occasional confusion with slurred speech, mild neck tenderness, 
alert, leukocytosis (neutrophil predominance), CSF abnormalities 
(leukocytosis, erythrocytes, elevated protein), laboured breathing, 
unresponsiveness, absent deep tendon reflexes, ocular deviation, 
positive Babinski response, bilateral flaccid paralysis of extremities

3 days Death after 
13 days

(Continued)
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S.No. Author Cause of 
disease

Symptoms Time from onset 
of symptoms to 
diagnosis

Survival

14 Tavakoli et al.28 POWV Fatigue, fever, bilateral maculopapular palmar rash, diplopia, 
dysarthria, weakness in the right arm and leg, leukocytosis, 
elevated protein in CSF, lymphocytic pleocytosis, reactive T-cell 
population in CSF, abnormal T2-weighted and FLAIR brain imaging, 
hyperintensities in the superior cerebellum, left pons, bilateral 
basal ganglia, restricted diffusion in the superior cerebellum 
suggesting ischaemic process, febrile (maximum temperature, 
104.5°F or 40.3°C), obstructive hydrocephalus, external ventricular 
drain placement, worsening of signal abnormalities, markedly 
increased hydrocephalus, suboccipital craniotomy, severe 
meningoencephalitis, dense meningeal lymphoid infiltrate, 
lymphocytic venous invasion and destruction, loss of cerebellar 
Purkinje cells, microglial nodules, Bergmann gliosis, infiltration by 
activated microglia–macrophages

7 days Death on day 
17th

15 Henningsson 
et al.29

TBEV Fever, neck pain, myalgia, difficulty walking, severe headache, 
pronounced fatigue, lumbar puncture revealing pleocytosis, difficulty 
walking, headache, high levels of serum TBEV IgM and IgG

8 days Overall survival

16 Voulgari et al.30 TBEV Occipital headaches, poor balance, tick bite history, Flu-like 
syndrome, negative serological testing for borreliosis and TBEV, 
febrile, neck stiffness, ataxia, unilateral visual loss in the right eye, 
non-granulomatous anterior uveitis, vitreous inflammation, retinal 
haemorrhages at the posterior pole

15 days Overall survival

17 Yurchenko 
et al.31

TBEV Occipital headaches, poor balance, tick bite history, Flu-like 
syndrome, negative serological testing for borreliosis and TBEV, 
febrile, neck stiffness, ataxia, unilateral visual loss in the right eye, 
non-granulomatous anterior uveitis, vitreous inflammation, retinal 
haemorrhages at the posterior pole, absence of macular oedema or 
papillitis

8 days Overall survival

18 Divé et al.32 TBEV Patient 1: Headache, fever, rapidly progressive tetraparesis, 
hypoesthesia below Th6
Patient 2: high fever, headache, back pain

N/A Overall survival

19 Czarnowska 
et al.33

TBEV Fever, dizziness, progressive left-sided hemiparesis, neck stiffness, 
lower motor neuron weakness in the upper limb, upper motor 
neuron weakness in the lower limb (more dominant on the left side), 
dysarthria, right six cranial nerve palsy, head droop due to weakness 
of the neck muscles, rapidly progressive deterioration of clinical 
condition, Increased weakness in limbs

3 days Overall survival

20 Cavanaugh 
et al.34

POWV Fever, altered mental status, hypotension, oliguria, tick bite (I. 
scapularis), prophylactic doxycycline (200 mg), embedded tick 
removal (left shoulder), myalgias, chills, erythema migrans rash (left 
scapula),visual hallucinations, confusion

14 days Death

21 Allgaier et al.35 POWV Nausea, vomiting, headache, acute onset of confusion, fever, 
haematologic abnormalities (elevated leukocytes, neutrophilia), 
metabolic abnormalities (elevated blood urea nitrogen, creatinine), 
supple neck, no rash, no focal neurologic deficits, short-term memory 
deficit, temporal lobe seizures

2 days Overall survival

(Continued)
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22 Neill et al.36 TBEV Fever, peripheral leukocytosis, elevated CRP, pleocytosis in CSF, 
breathlessness, drowsiness, dysarthria, interrupted saccades, 
difficulty with alternating lateral tongue movements, pout reflex, 
brisk jaw jerk, normal upper limb tone, reduced tone in lower 
limbs, bilateral proximal muscle weakness (hip and knee flexors), 
distal limb power less affected, areflexia, bilateral flexor plantars, 
dermatomal sensory loss (L2 to L5 on the left), respiratory muscle 
weakness, intubation, long-segment myelitis on brain and spinal 
cord MRI, preganglionic lesion indicated by neurophysiology tests, 
rhombencephalitis, myeloradiculitis, positive for TBEV RNA in serum 
and urine, positive for TBEV IgG in serum and CSF

10 days Overall survival

23 Weinmayr et al.37 TBEV Fever, headache, nausea, vomiting, fatigue, mild hypoesthesia on both 
sides of the forehead

N/A Overall survival

24 Kristiansen38 TBEV N/A N/A Overall survival

25 Boyer et al.39 TBEV Asymptomatic during the second consultation, no neurological 
symptoms, resolution of the ulcerative lesion, no abnormalities in 
haemogram and liver function tests

24 days Overall survival

26 Zachary et al.40 POWV Fever, headache, progressive encephalopathy, chills, fatigue, 
weakness, nausea, intermittent episodes of vomiting, unsteady 
gait, decreased oral intake, increased frequency of urination, 
tremulousness of the arms and jaw, somnolence, nonverbal, unable to 
follow commands, brisk deep-tendon reflexes, nuchal rigidity, systolic 
ejection murmur (grade 2/6)

12 days Overall survival

27 Velay et al.41 TBEV Cerebral meningo-radicular encephalitis, evolving to deep cerebral 
nuclei and thalamic haemorrhagic transformation and cerebral 
atrophy

N/A Overall survival

28 Lotrič-Furlan 
et al.42

TBEV Fever, severe headache, nausea, dry cough, malaise, intense myalgia, 
arthralgia, headache

N/A Overall survival

29 Pogorzelski 
et al.43

TBEV Mild fever, general weakness, muscle pains, headache, neck pains, 
pulsating noise in the head, palatal myoclonus, rhinophonia, difficulty 
speaking, difficulty swallowing

N/A Overall survival

30 Cimperman 
et al.44

TBEV N/A N/A N/A

31 McNair and 
Brown45

TBEV Headache, weakness in the right arm, photophobia, anorexia, 
numbness around the nose, flushed appearance, vomiting, 
numbness to light touch and pin-prick over the nose, right arm and 
shoulder, reduced power in all right arm movements, absent biceps 
and supinator reflexes on the right side, reduced triceps reflex, 
drowsiness, confusion, neck stiffness, loss of power in the right 
arm, bilateral facial and ocular palsies, increased CSF pressure, 
elevated white cell count in CSF (95% lymphocytes), elevated protein 
concentration in CSF, hearing loss in the right ear

25 days Overall survival

32 Gils et al.46 TBEV Flu-like syndrome, nausea, vomiting, rigidity of neck and shoulders, 
mild meningeal irritation, confusion, encephalopathy, dyskinesia of the 
limbs (tremor), tongue tremor, hyperexcitability symptoms, residual 
symptoms of hyperexcitability

N/A Overall survival

Table 2. (Continued)
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S.No. Author Cause of 
disease

Symptoms Time from onset 
of symptoms to 
diagnosis

Survival

33 Agergaard 
et al.47

TBEV Case 1: Meningoencephalitis
Case 2: Fever, fatigue, influenza like symptoms
Case 3: Headache, nausea, fatigue, photophobia, fever, dehydration, 
poor general condition

N/A Overall survival

34 Weststrate 
et al.48

TBEV Tinnitus, malaise, vomiting, muscle aches, headache, fever, erythema 
migrans (absent in this case), signs of inflammation, CRP elevation, 
leukocytosis, mononuclear cells in CSF, polynuclear cells in CSF, 
elevated glucose in CSF, elevated protein in CSF

N/A Overall survival

35 Iff et al.49 TBEV Headache, nausea, fever, tick bite, myalgia, refusal to walk, 
tender muscles on palpation, fever (39°C), leukopenia, increased 
concentrations of alanine aminotransferase

5 days Overall survival

36 Zajkowska 
et al.50

TBEV Fever, vomiting, irritability, bulging fontanelle, pleocytosis, elevated 
serum CRP concentration (46 mg/l), partial secondary generalized 
seizure, intermittent slowing in the right parieto-temporal region 
in EEG, T2-weighted cortico-subcortical hyperintensity in MRI, 
contrast enhancement in both frontal lobes in MRI, leptomeningeal 
enhancement in MRI, repetitive seizures, interictal series of sharp 
waves in the right parieto-temporal region in EEG

2 days Overall survival

37 Arnež et al.51 TBEV N/A N/A N/A

38 Ananthan et al.52 POWV Severe occipital headaches, nausea, vomiting, afebrile, high sensitive 
CRP within normal range (2.2 mg/l), slightly elevated estimated 
sedimentation rate (24 mm/h)

4 days Overall survival

39 Choi et al.53 POWV Fever, chill, arthralgia, myalgia, rash, diarrhoea, sudden-onset left-
sided weakness, declining level of consciousness, intubation, transfer 
to a tertiary medical centre, right thalamic lesion on initial MRI, 
restricted diffusion on ADC map, bilateral thalamic lesions on second 
MRI

2 days Overall survival

40 Zajkowska 
et al.54

TBEV Fever (40°C), headache, vomiting, drowsiness, frequent tick bites, 
facial nerve palsy (seventh nerve), tremor in facial muscles (left side), 
muscle weakness in left upper and lower limbs, positive meningeal 
signs, testing of CSF revealing inflammatory features

1 week Overall survival

41 Herpe et al.55 TBEV N/A N/A  

42 Bologheanu 
et al.56

TBEV Fever, headache, vomiting, drowsiness, tick bite history 2–3 weeks 
prior to symptom onset, history of TBE vaccination

7 days Overall survival

43 Pessa et al.57 TBEV N/A N/A Overall survival

44 de Graaf et al.58 TBEV Malaise and fatigue tremors, slow speech, weakness and fatigue and 
fever nausea and vomiting

24 days Overall survival

45 Lessell and 
Collins59

POWV Nausea, vomiting, diarrhoea, dizziness, diplopia, and incoordination 
followed within days by arm weakness, urinary retention, fever, delirium, 
and almost total ophthalmoplegia, anxiety, depression, impairment 
of recent memory, difficulty maintaining attention, bifacial weakness, 
ophthalmoplegia, dysarthria, and bilateral arm and neck weakness

19 days Overall survival

46 Takashima60 TBEV Double vision, convulsions, motor paralysis of the arms and neck 3 years Overall survival

47 Waldvogel et al.61 TBEV Low-grade fever, nausea, vomiting and mild headache, lethargic and 
disoriented, marked nuchal rigidity- and decreased peripheral left-
sided reflexes

N/A Overall survival

Table 2. (Continued)
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48 Fomsgaard 
et al.62

TBEV Fever and other influenza-like symptoms as well as arthritis 2 weeks Overall survival

49 Tajima et al.63 TBEV N/A N/A N/A

50 Rácz et al.64 TBEV N/A N/A N/A

51 Cruciatti et al.65 TBEV Case 1: Ever, headache, vomiting, pain in the shoulders and neck 
stiffness, fever (37.5°C), flu-like symptoms and back pain of 3 days 
duration, neck stiffness and paralysis of upper limbs.
Case 2: Fever, headache, nausea, asthenia, pain in the neck, diffuse 
myalgia and weakness of the left side limbs.
Case 3: Headache and vomiting, behavioural symptoms, like confusion 
and irritability

14–35 days Overall survival

52 Enzinger et al.66 TBEV Rapidly progressive and painful paresis of the left leg, pronounced 
diffuse paresis, hypoesthesia, and diminished tendon reflexes of the 
left lower extremity

N/A Overall survival

53 Bender67 TBEV Acute headache, nausea, and vomiting, he began to have dysarthria, 
diplopia, gait ataxia, and clumsiness in both hands

24 days Overall survival

54 Hemmer et al.68 TBEV Transient fever and headache difficulty in concentrating, apathy, 
and a strong urge to sleep, fever (temperature 39.2°C) and mental 
confusion.
Somnolence, slurred speech, amnestic dysphasia, and impaired fine 
motor control, but no meningism, focal signs, pyramidal tract or 
sensation impairment

14 days Overall survival

55 Mázló and 
Szántó69

TBEV Fever, headache, nausea, speech and vision disturbances, and 
weakness in the left extremity

20 days Overall survival

56 Raval et al.70 POWV Case 1: Significant headache for 2 days and one episode of seizure.
Case 2: Fevers, headaches and dizziness
Case 3: Progressive headaches, body aches, high-grade fever, and 
altered mental status.
Case 4: Progressive weak-ness, headaches and fevers

N/A Overall survival

57 Piantadosi 
et al.71

POWV Case 1: Sudden onset of dizziness followed by nausea and vomiting
Case 2: Right eye pain and visual blurring
Case 3: Vomiting, confusion, and fever
Case 4: Confusion, vomiting, diarrhoea, and fever
Case 5: Fever, confusion, headache, and vomiting
Case 6: Fever and myalgias
Case 7: Fever and headache
Case 8: Headache, fatigue, diplopia, and a diffuse rash over his trunk 
and extremities

N/A Overall survival

58 CDC72 POWV N/A N/A Overall survival

59 Botelho-Nevers 
et al.73

TBEV Headache, cervicobrachial neuralgia, and meningoencephalitis N/A  

60 Ponfick et al.74 TBEV 1. Fever, a left-sided hemiparesis developed, followed by tetraplegia 
(MRC 1/5) with vanished deep tendon reflexes, and rapid respiratory 
failure

N/A Overall survival

61 Kuivanen et al.75 TBEV Case 1: Ever onset. Sudden-onset headache, left arm numbness, and 
impaired vision.
Case 2: Persistent fever, tetraparesis urinary retention

N/A Overall survival

Table 2. (Continued)
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62 Sung et al.76 POWV Case 1: Sore throat and influenza-like symptoms: fever, eye pain, 
lateral gaze palsy, ataxia, dysarthria, stomach pain, and neck stiffness.
Case 2: Lower extremity weakness and altered mental status, 
headache, fever, chills, and bilateral ankle pain had developed; 
headache, fever, chills, and bilateral ankle pain had developed; 
bilateral leg weakness, confusion, and diplopia

N/A Overall survival

63 Zaki77 TBEV Fever, headache, generalized, arthralgia, anorexia, vomiting N/A Overall survival

64 Skarpaas et al.78 TBEV Case 1: Dizzy and weak, had a headache, chills, and fever
Case 2: Fever, increasing headache, nausea, and vomiting.
Case 3: Headache was intense and accompanied by nausea and 
vomiting

6 days–5 weeks  

65 Mease79 TBEV Case 1: Left-sided hemiparesis, which appeared on the day of 
presentation. This is consistent with the published literature, with 
focal, unilateral, and upper body areas being the most commonly 
affected by neurological abnormalities,
Case 2: Right-sided frontal headache

1 week

6 day

Overall survival

66 Schultze et al.80 TBEV Leucocytopenia and thrombocytopenia, intermittent fever, headache, 
loss of appetite, malaise, photophobia, vertigo upon rising, and 
unstable gait

 

67 Voshii et al.81 TBEV N/A N/A N/A

68 Mohareb et al.82 TBEV Case 1: High fever (40°C) and malaise. The patient’s temperature 
returned to normal (4 days after admission) and then about a week 
later, the patient’s condition again deteriorated, with fever, headache, 
stiff neck, sore throat, nausea, vomiting and a depressed mood.
Case 2: Headache, fatigue, nausea and vomiting. Physical examination 
revealed stiff neck, muscle soreness, conjunctivitis, stupor and 
abnormal reflexes with pain in joints
Case 3: Ever (37.5–38°C), considerable numbness in the muscles and 
weakness. Physical examination revealed mild neck stiffness, mild left 
hemiplegia and hypaesthesia of the limbs

4 days after 
admission

Overall survival

69 Reuksen et al.83 TBEV Case 1: Dizziness, non-productive cough and fear of noise, she had, on 
the day of admission, an acute fever (39°C) accompanied with severe 
headache and muscle pain. Muscle weakness, nausea and vertigo 
were also present
Case 2: Severe headache, fever and fatigue. He also complained about 
impaired hearing and blurred vision

N/A Overall survival

70 Ergunay et al.84 TBEV Overall symptoms of meningitis, encephalitis and gastrointestinal N/A Overall survival

71 Kleiter et al.85 TBEV N/A N/A Overall survival

72 Chaudhuri and 
Růžek86

TBEV Severe fatigue and lower limb myalgia N/A Overall survival

73 Doyle et al.87 TBEV N/A N/A N/A

74 Nord and 
Goldberg88

POWV Altered mental status, fever (104°F), new chorioretinal lesions 
in a linear streak-like distribution, increased anterior chamber 
and vitreous cells, hypo-autofluorescent streaks in fundus 
autofluorescence, multifocal choroidal inflammation in fluorescein 
angiography

N/A Overall survival

75 Four et al.89 TBEV Low grade fever, general discomfort, holointracranial headache, 
nauseated photophobia

N/A Overall survival

Table 2. (Continued)
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76 Tanaka et al.90 TBEV Fever (39°C), headache, nausea, meningitis, restlessness, disturbance 
of consciousness, ataxic breathing, improvement with steroid pulse 
therapy, tracheal intubation, respirator use, gradual improvement, 
discharged on day 24 without sequelae

3 days Overall survival

77 Montvydaite 
et al.91

TBEV Fever followed by proximal muscle pain and weakness N/A  

78 Hockicková 
et al.92

TBEV N/A N/A N/A

79 de Bruijn et al.93 TBEV Cough, headache, malaise, polyarthritis, rash, and glomerulonephritis, 
subsequent development of balance problems, fever, progressive 
headache, alert on neurological examination, no neurological deficits 
observed, reported neck pain radiating to the left arm, unsteady on 
feet

1 day Overall survival

80 Walder et al.94 TBEV N/A N/A N/A

81 McLean and 
Donohue95

POWV Right-sided headache, drowsiness, fever, twitching, tremors, 
nystagmus, followed by worsening mentation, neck stiffness, left-
sided hemiplegia, ataxia

N/A Death on day 4

82 Goldfield et al.96 POWV Severe retro-orbital headache, hearing loss, dizziness, lethargy, 
delirium

N/A Overall survival

83 Smith et al.97 POWV Case 1: Sudden-onset fever 39–40°C, headache, three generalized 
tonic–clonic seizures lasting 5 min each
Case 2: Sudden onset of URI, sore throat, fever 39°C, a single 
convulsion followed by status epilepticus
Case 3: Fever, convulsions, somnolence, disorientation, severe 
headache

8 days

12 days

12 h

Overall survival

84 Rossier et al.98 POWV Headache, malaise, anorexia, vomiting, fever, somnolence, neck 
stiffness, followed by stupor, seizures. Progressed to coma, right gaze 
deviation, left facial palsy, and bilateral pyramidal tract signs

4 days Overall survival

85 Wilson et al.99 POWV 4-Day history of anorexia, lethargy, fever 38–39°C, rash 1 month Overall survival

86 Parington 
et al.100

POWV 3-Day history of fever, vomiting, increasing lethargy, headache 2 month Overall survival

87 Embil et al.101 POWV Malaise, olfactory hallucination, reduced appetite, seizures, fever 12 h Overall survival

88 Fitch and 
Artsob102

POWV 4-Day history of malaise, fever, intermittent headache, vomiting N/A Overall survival

89 Gholam et al.103 POWV Headache, fever, expressive and nominal dysphasia, mild right facial 
weakness

11 days Death

90 Courtney et al.104 POWV Case 1: Fever, generalized muscle weakness, somnolence, diarrhoea, 
anorexia
Case 2: Agitation, ataxia, bilateral lateral gaze palsy, dysarthria, loss 
of balance, visual disturbance, fever
Case 3: Fever, headache, vomiting, somnolence, confusion, bilateral 
hand twitching, muscle weakness, pronounced lip smacking.
Case 4: Somnolence, severe headache, increasing confusion, 
progressive bilateral leg weakness, slow speech, memory loss,  
wide-based gait

3 month

19 days

3 days

19 days

Overall survival
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91 Hinten et al.105 POWV Case 1: Somnolence, AMS, generalized muscle weakness progressing 
to left-sided hemiplegia, encephalopathy, renal insufficiency, anaemia.
Case 2: Ataxia, bilateral lateral gaze palsy, dysarthria, AMS, 
generalized muscle weakness, complete ophthalmoplegia
Case 3: Fever 38.5°C, headache, vomiting, somnolence, confusion, 
inability to walk, bilateral hand twitching, bilateral upper extremity 
weakness, pronounced lip-smacking
Case 4: Headache, fever 40.5°C, myalgias, confusion, progressive 
weakness with inability to speak or walk, combative, tremors
Case 5: Somnolence, severe headache, increasing confusion, slow 
speech, short-term memory loss
Case 6: Abdominal pain, vomiting, fever 38.7°C, chills, lethargy
Case 7: Fever 39.2°C, diplopia, acute onset of proximal muscle 
weakness in all extremities (upper > lower), paralysis, respiratory 
failure requiring mechanical ventilation
Case 8: Fever, headache, AMS, stiff neck, generalized muscle 
weakness
Case 9: Fever, headache, AMS, stiff neck, muscle pain, generalized 
muscle weakness

3 days

19 days

3 days

5 days

19 days

12 days

10 days

2 days

N/A

Overall survival

92 Trépanier 
et al.106

POWV Fever, AMS, disorientated with incoherent speech, dizziness, headache N/A Overall survival

93 Hicar et al.107 POWV Headache, abdominal pain, emesis, fever to 39.4°C, nuchal rigidity N/A Overall survival

94 Tutolo et al.108 POWV Fever, vomiting, right-sided facial twitching that progressed to 
seizures

4 days Overall survival

95 Sanderson 
et al.109

POWV Right abducens nerve palsy, mild left-sided pyramidal weakness, 
erythematous mark on right shoulder

8 days Overall survival

96 Patel et al.110 POWV Fever 41.1°C, somnolence, neck stiffness, diffuse motor weakness, 
increased tone and cogwheel rigidity, nonconvulsive status epilepticus

11 days Overall survival

97 Picheca et al.111 POWV Nausea, vomiting, abdominal pain, diplopia, ataxia, dysarthria, 
respiratory distress, weakness progressing to flaccid paralysis 
(upper > lower) with preserved sensation

1 month N/A

98 Koester et al.112 POWV History of headache, photophobia, fever to 38.3°C, lethargy, poor oral 
intake, diffuse abdominal pain, vomiting

4 days Overall survival

99 Taylor et al.113 POWV Severe headache, fever, weakness, myalgias, chills, confusion, 
photophobia, nausea, diarrhoea

13 days Overall survival

100 Kroopnick 
et al.114

POWV Back pain, headache, vomiting, followed by acute agitation and 
confusion. Co-infected with anaplasma phagocytophilum

11 days Death

101 Johnson et al.115 POWV Case 1: Headache, recurrent fever, rapidly progressive weakness
Case 2: Headache, encephalopathy, inability to follow commands, 
rigidity with saccades, vertical upgaze restriction

N/A
N/A

Overall survival

ADC, Antibody–drug conjugates; AMS, Altered mental status; CRP, C-reactive protein; CSF, cerebrospinal fluid; CT, Computed tomography; EEG, 
Electroencephalogram; FLAIR, fluid-attenuated inversion recovery; MRC, Medical research council; MRI, Magnetic Resonance Imaging; N/A, not 
available; POWV, Powassan virus; TBE, tick-borne encephalitis; TBEV, tick-borne encephalitis virus; URI, Upper respiratory infection;  WBC, white 
blood cells.

Table 2. (Continued)

Japan, among others. This extensive geographical 
representation greatly enriches our potential for 
developing a thorough comprehension of how the 
infectious agent impacts distinct populations. 
The gender distribution observed across studies, 

wherein some investigations specifically focus on 
males, females, or both genders, adds a layer of 
complexity to our understanding. The age spec-
trum underscores the broad demographic diver-
sity encapsulated in the data. Notably, specific 
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Collectively, the data from these studies encom-
pass 135 patients exhibiting neurological symp-
toms associated with either the Powassan or 
TBEV infection, as outlined in Table 3. The pos-
sible window for contracting the POWV spans 
from as soon as 1 week to as long as 1 month after 
exposure. Following infection, there is an incuba-
tion period lasting 2–4 weeks before observable 
symptoms manifest. In contrast, for TBEV, the 
incubation period ranges from 1 week to 3 weeks. 
However, the duration between the onset of these 
symptoms and the formal diagnosis exhibits vari-
ability, contingent upon factors such as diagnostic 
test availability, the strength of healthcare infra-
structure, and the level of awareness among 
healthcare providers. Consequently, the time 
required to confirm a POWV infection may vary 
across diverse geographical locations and health-
care settings.

Among the various symptoms observed, a severe 
occipital headache emerged as the most preva-
lent, affecting approximately 33(22.75%) (Table 
3) of the patients. This particular finding holds 
critical importance as these intense headaches 
can substantially diminish patients’ quality of life 
and necessitate prompt medical intervention. 
Following closely, meningoencephalitis was iden-
tified in approximately 15(10.34%) of the 
patients. Meningoencephalitis characterized by 
inflammation of the brain and meninges was 
diagnosed. Meningoencephalitis is a severe con-
dition that demands urgent medical treatment to 
prevent potential complications and mitigate the 
risk of long-term neurological deficits. Seizure 
was observed in 12(8.27%). Flaccid paresis refers 
to the weakening or loss of muscle tone, a condi-
tion that can lead to varying degrees of paralysis 
was observed in 10(6.8%) The implications of 
flaccid paresis can be particularly debilitating for 
patients, as it can severely hamper their ability to 
perform daily tasks and maintain their independ-
ence (Table 3).

Additionally, poor balance was reported in 
approximately 9(6.20%) of patients, potentially 
indicating impairment within the cerebellar or 
vestibular systems. These symptoms underscore 
the complexity of neurological involvement in the 
infection and highlight the need for multidiscipli-
nary approaches to assessment and management. 
Wide gait was observed in approximately 
3(2.06%) (Table 3) of the patients, suggesting 
difficulties in walking. Accurate diagnosis and 

Table 3. Prevalence of patients’ neurological complications.

Neurological manifestation N (%)

Mental status deterioration 3 (2.06)

Slurred speech 5 (3.44)

Meningoencephalitis 15 (10.34)

Aphasia 1 (0.68)

Dementia 3 (2.06)

Dysarthria 6 (4.13)

Severe occipital headache 33 (22.75)

Poor balance 9 (6.20)

Tetraparesis 8 (5.517)

Visual hallucinations 7 (4.8)

Meningismus associated with nystagmus 3 (2.06)

Monoplegia 1 (0.689)

Bulging fontanelle 2 (1.37)

Facial nerve palsy 6 (4.13)

Peripheral polyneuropathy 1 (0.689)

Neuralgic amyotrophy 1 (0.689)

Diplopia 1 (0.689)

Ophthalmoplegia 2 (1.37)

Flaccid paresis 10 (6.8)

Seizure 12 (8.27)

Haemorrhage with subdural haematoma 2 (1.37)

Absent deep tendon reflexes 6 (4.13)

Proximal flaccid tetraplegia 6 (4.13)

Wide gait 3 (2.06)

Cervicobrachial neuralgia 1 (0.689)

Leptomeningeal 2 (1.37)

Cranial nerve palsy 2 (1.37)

cases within the studied populations provide in-
depth age-related information.

It is imperative to acknowledge the variability in 
symptom reporting across studies, resulting in 
disparate patient counts for each symptom. 
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targeted interventions are essential to address the 
underlying causes of these walking difficulties and 
to improve the patient’s overall mobility and 
functional independence.

Several other notable neurological symptoms were 
observed among the patients. Facial nerve palsy 
and absent deep tendon reflexes each was reported 
in 6(4.13%) of the cases. Facial nerve palsy signi-
fies disruptions in normal neurological functioning 
and can range from mild to severe manifestations. 
The absence of deep tendon reflexes also raises 
concerns about potential nerve or muscle involve-
ment and requires thorough evaluation.

Dysarthria, characterized by difficulty in articu-
lating speech was observed in 6(4.13%) of the 
cases. Similarly, slurred speech affected around 5 
(3.44%) (Table 3) of the cases, providing further 
insight into the infection’s impact on regions asso-
ciated with speech production and motor control.

Overall survival
Among 135 patients, 9 cases (6.66%) resulted in 
fatal outcomes attributed to POWV infection, as 
outlined in Table 2. Specifically, a 63-year-old 
immunocompromised male with follicular lym-
phoma undergoing maintenance rituximab ther-
apy passed away on the 14th day, according to 
Solomon et al. Additionally, Birge et al. reported 
the death of a 67-year-old woman, who had a 
medical history notable for colon cancer, on the 
13th day. Tavakoli et al. documented the demise 
of a 62-year-old man with a 4-year history of 
chronic lymphocytic leukaemia–small lympho-
cytic lymphoma (CLL–SLL) on the 17th day. 
McLean et al. recorded the tragic passing of a 
5-year-old boy on the fourth day of hospitaliza-
tion. Gholam et al. documented the demise of a 
previously healthy 64-year-old man who had 
reported a headache persisting for the last 3 days, 
accompanied by a fever (38.9°C). Additionally, 
he had been experiencing drowsiness and slurred 
speech in the preceding day. The cause of death, 
as established through autopsy, was identified as 
a substantial pulmonary embolism. Kroopnick et 
al., Yu et al., Kakoullis et al. and Cavanaugh et al. 
have independently documented cases resulting 
in mortality attributed to POWV. The overall sur-
vival rate remains at 94.81%. Nevertheless, sev-
eral patients encountered complications, 
including paralysis, tremors, cognitive defects 
and other issues, detailed in Table 3.

Discussion
The POWV, a tick-borne flavivirus, is a signifi-
cant public health concern due to its potential to 
cause severe neuroinvasive disease in humans. In 
our comprehensive review of 101 studies discuss-
ing symptoms or diseases similar to those associ-
ated with either POWV or TBEV with concurrent 
neurological manifestations, our findings indicate 
that individuals of any age group can acquire 
POWV infection, but elderly individuals exhibit a 
higher susceptibility to neuroinvasive illness, with 
a slight male predominance. Those showing 
symptoms undergo an incubation phase lasting 
2–4 weeks, followed by a febrile prodrome char-
acterized by manifestations such as sore throat, 
sleepiness, headaches, and confusion. Timely 
diagnosis and intervention are imperative to miti-
gate complications and avert long-term neuro-
logical deficits. The presence of various other 
neurological symptoms, such as dysarthria, facial 
nerve palsy, seizure, and absent deep tendon 
reflexes, further emphasizes the complexity of 
POWV infection and its diverse effects on the 
CNS. These symptoms can lead to significant 
disability and require comprehensive manage-
ment by healthcare professionals. In serious cases, 
side effects of ataxia, quake, muscle shortcoming, 
oculomotor and pseudobulbar paralysis have 
been depicted.15 In addition to neurological com-
plications, eye involvement, though rare, can pre-
sent with symptoms such as non-granulomatous 
anterior uveitis, vitreous inflammation, and reti-
nal haemorrhages, along with bilateral multifocal 
chorioretinitis.30,88

According to a case report, a 58-year-old man vis-
ited the emergency department due to occipital 
headaches and balance problems, followed by 
vision loss in his right eye 6 weeks after reporting 
a tick bite.30 His eye examination showed non-
granulomatous anterior uveitis, vitreous inflam-
mation and retinal haemorrhages without macular 
swelling or papillitis.30 Another case, involved a 
51-year-old man who had a history of chronic 
bilateral noninfectious anterior and sporadic uve-
itis.88 He was receiving treatment involving 
mycophenolate mofetil and adalimumab. In May 
2017, he underwent a sudden alteration in his 
mental state accompanied by a high fever of 104°. 
Subsequent lumbar puncture confirmed the pres-
ence of distinct antibodies (IgM and neutralizing 
IgG) specific to the POWV.88 This finding indi-
cated that the virus was responsible for inducing 
bilateral multifocal chorioretinitis characterized 
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by linear clustering within his eyes, resembling 
the pattern observed in eyes affected by the West 
Nile Virus.

Mendoza et al. conducted a retrospective study at 
Mayo Clinic, encompassing 16 cases of neuroinva-
sive POWV. The study revealed a slight predilec-
tion for older and male patients. The diverse 
clinical presentations included rhombencephalitis 
(6), isolated meningitis (4), meningoencephalitis 
(3), meningoencephalomyelitis (2), and opso-
clonus myoclonus syndrome (1). The diagnosis 
was typically established around a median of 
18 days after the onset of symptoms. The observed 
mortality rate was 18.8%, and a substantial 72.7% 
of survivors exhibited enduring neurologic defi-
cits.116 This study stands as a comprehensive 
exploration of neuroinvasive POWV cases, empha-
sizing the importance of recognizing varied presen-
tations and potential long-term consequences.

Despite the increasing number of cases and the 
severity of neurological effects related to Powassan 
infection, substantial obstacles persist in both 
diagnosing and managing this virus. One key hur-
dle is the varied clinical presentation, which can 
imitate other neurological disorders or arboviral 
infections. Furthermore, currently available diag-
nostic techniques for POWV lack specificity that 
matches the intricacy and gravity of the disease. 
As a general principle, there are no distinctive 
clinical indicators to differentiate POWV disease 
from other arboviruses.3 Notably, the brainstem, 
spinal cord, cerebellum, cerebral cortex and basal 
ganglia have all been noted as areas of specific 
damage, although previous reports did not incor-
porate a semi-quantitative evaluation of inflam-
mation. Less commonly, instances of 
inflammation in the thalamus, hippocampus and 
white matter have been documented.15 
Interestingly, only one case reported an adverse 
outcome, tragically resulting in fatality. Our 
observations indicate that these symptoms often 
follow a self-limiting trajectory, which corre-
sponds with existing research emphasizing the 
impact of factors such as the patient’s age, occu-
pation, epidemiological context, and underlying 
health conditions on the outcome.

Medical professionals in areas where POWV is 
prevalent should possess knowledge about the 
virus and consider conducting serologic tests on 
blood or cerebrospinal fluid (CSF) specimens at 
state or other laboratories equipped to handle 

POWV testing. When POWV RNA is detected, 
the pathological and molecular findings imply a 
combination of direct viral-induced CNS neu-
ronal damage along with broad-ranging lym-
phocytic inflammation and microgliosis 
involving the leptomeninges and brain tissue.20 
It is essential for medical practitioners to remain 
attentive in identifying these signs, particularly 
in regions like the USA with documented 
POWV prevalence. Recognizing exposure to 
ticks is pivotal in facilitating the diagnosis. 
Additionally, there is an apparent expansion in 
the geographic distribution of POWV infec-
tions. Timely identification and suitable treat-
ment have the potential to notably enhance 
patient outcomes. By recognizing the pivotal 
elements that contribute to the diversity in 
symptoms, healthcare providers can customize 
their strategies to offer more individualized and 
efficient care for those affected.

This study has certain limitations that warrant 
acknowledgment. Firstly, the information 
included in each case relies on the reporting from 
individual studies, and in several instances, the 
data were incomplete. The literature search strat-
egy was crafted to comprehensively address neu-
rological manifestations, not strictly tied to the 
POWV. It’s important to note that the term ‘tick-
borne flaviviruses’ is occasionally used as an 
umbrella term, encompassing both the POWV 
and those linked to TBEV. Moreover, despite the 
absence of reported POWV cases in the EU, 
European countries were included based on stud-
ies examining symptoms or diseases similar to 
those associated with TBEV.

Conclusion
In conclusion, POWV is an emerging tick-borne 
flavivirus that can cause severe neuroinvasive dis-
ease in humans. The neurological presentations 
associated with Powassan infection are diverse 
and can have debilitating effects on patients. 
Early recognition of symptoms, especially severe 
occipital headaches and flaccid paresis, is critical 
to prompt appropriate diagnostic testing and 
intervention. Therefore, further research is imper-
ative to develop more accurate diagnostic tools, 
effective treatments and potentially a vaccine. 
Public health efforts to control tick populations 
and educate the public about the risks of POWV 
are essential to reduce the incidence of infection. 
Further, subsequent research endeavours could 
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involve conducting more focused studies in 
European regions aimed at discerning the preva-
lence or absence of the POWV. By fostering col-
laboration among researchers, healthcare 
professionals, and public health authorities, we 
can advance our understanding of POWV and 
develop strategies to mitigate its impact on 
affected communities.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author contributions
Areeba Fareed: Conceptualization; Method-
ology; Supervision; Writing – original draft; 
Writing – review & editing.

Samia Rohail: Conceptualization; Methodology; 
Writing – original draft.

Ushna Zameer: Data curation; Writing –  
original draft.

Abdul Wahid: Data curation; Writing – original 
draft.

Syed Muhammad Muneeb Akhtar: Data 
curation; Software; Writing – review & editing.

Waniyah Masood: Investigation; Writing – 
review & editing.

Acknowledgements
None.

Funding
The authors received no financial support for the 
research, authorship and/or publication of this 
article.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
Not applicable.

ORCID iDs
Areeba Fareed  https://orcid.org/0000-0001- 
5906-9852

Samia Rohail  https://orcid.org/0000-0003- 
1488-0080

Ushna Zameer  https://orcid.org/0000-0001- 
5206-870X

Abdul Wahid  https://orcid.org/0000-0003- 
0265-8781

Supplemental material
Supplemental material for this article is available 
online.

References
 1. Pustijanac E, Buršić M, Talapko J, et al. Tick-

borne encephalitis virus: a comprehensive review 
of transmission, pathogenesis, epidemiology, 
clinical manifestations, diagnosis, and prevention. 
Microorganisms 2023; 11: 1634–1634.

 2. Hermance ME and Thangamani S. Powassan 
virus: an emerging arbovirus of public health 
concern in North America. Vector Borne Zoonotic 
Dis 2017; 17: 453–462.

 3. Fatmi SS, Zehra R and Carpenter DO. Powassan 
virus – a new reemerging tick-borne disease. Front 
Public Health 2017; 5: 342.

 4. Goethert HK, Mather TN, Johnson RW, 
et al. Incrimination of shrews as a reservoir for 
Powassan virus. Commun Biol 2021; 4: 1319.

 5. Yang X, Gao GF and Liu WJ. Powassan virus: 
a tick borne flavivirus infecting humans. Biosaf 
Health 2022; 4: 30–37.

 6. Transmission | Powassan | CDC. www.cdc.gov; 
https://www.cdc.gov/powassan/transmission.html 
(2019, accessed 2 September 2023).

 7. Ebel GD and Kramer LD. Short report: duration 
of tick attachment required for transmission of 
Powassan virus by deer ticks. Am J Trop Med Hyg 
2004; 71: 268–271.

 8. Costero A and Grayson MA. Experimental 
transmission of Powassan virus (Flaviviridae) by 
Ixodes scapularis ticks (Acari:Ixodidae). Am J Trop 
Med Hyg 1996; 55: 536–546.

 9. Powassan (POW) Virus Disease Fact Sheet. 
Ny.gov; https://www.health.ny.gov/diseases/
communicable/powassan/fact_sheet.htm (2017).

 10. Powassan Virus Disease Statistics – MN 
Department of Health. www.health.state.mn.us; 
https://www.health.state.mn.us/diseases/powassan/
statistics.html (accessed 5 September 2023).

https://journals.sagepub.com/home/tai
https://orcid.org/0000-0001-5906-9852
https://orcid.org/0000-0001-5906-9852
https://orcid.org/0000-0003-1488-0080
https://orcid.org/0000-0003-1488-0080
https://orcid.org/0000-0001-5206-870X
https://orcid.org/0000-0001-5206-870X
https://orcid.org/0000-0003-0265-8781
https://orcid.org/0000-0003-0265-8781
www.cdc.gov
www.cdc.gov
https://www.health.ny.gov/diseases/communicable/powassan/fact_sheet.htm
https://www.health.ny.gov/diseases/communicable/powassan/fact_sheet.htm
www.health.state.mn.us
www.health.state.mn.us


Volume 11

22 journals.sagepub.com/home/tai

TherapeuTic advances in 
infectious disease

 11. Symptoms, Diagnosis, and Treatment | 
Powassan | CDC. www.cdc.gov; https://www.
cdc.gov/powassan/symptoms.html (2019).

 12. Page MJ, McKenzie JE, Bossuyt PM, et al. The 
PRISMA 2020 statement: an updated guideline 
for reporting systematic reviews. BMJ 2021; 372: 
n71.

 13. Murad MH, Sultan S, Haffar S, et al. 
Methodological quality and synthesis of case 
series and case reports. BMJ Evid Based Med 
2018; 23: 60–63.

 14. Salah E. Primary cutaneous CD4+ small/
medium pleomorphic T-cell lymphoproliferative 
disorder: where do we stand? A systematic review. 
J Dtsch Dermatol Ges 2019; 17: 123–136.

 15. Yu Q, Matkovic E, Reagan-Steiner S, et al. A 
fatal case of Powassan virus encephalitis.  
J Neuropathol Exp Neurol 2020; 79: 1239–1243.

 16. Pach JJ, Zubair AS, Traner C, et al. Powassan 
meningoencephalitis: a case report highlighting 
diagnosis and management. Cureus 2021; 13: 
e16592.

 17. Khan AM, Shahzad SR, Ashraf MF, et al. 
Powassan virus encephalitis, severe babesiosis and 
lyme carditis in a single patient. BMJ Case Rep 
2019; 12: e231645.

 18. Solomon IH, Spera KM, Ryan SL, et al. Fatal 
Powassan encephalitis (deer tick virus, lineage 
II) in a patient with fever and orchitis receiving 
rituximab. JAMA Neurol 2018; 75: 746.

 19. Bazer DA, Orwitz M, Koroneos N, et al. Powassan 
encephalitis: a case report from New York, USA. 
Case Rep Neurol Med 2022; 2022: 1–3.

 20. Dumic I, Glomski B, Patel J, et al. ‘Double 
trouble’: severe meningoencephalitis due 
to Borrelia burgdorferi and Powassan virus 
co-infection successfully treated with intravenous 
immunoglobulin. Am J Case Rep 2021; 22: 
e929952-1–e929952-6.

 21. Eleftheriou A, Lundin F and Petropoulos EA. 
Tick-borne encephalitis: stroke-like presentation. 
J Stroke Cerebrovasc Dis 2019; 28: e119–e122.

 22. Mittal SO, Hassan A, Sanchez JL, et al. Powassan 
virus postencephalitic Parkinsonism. Neurology 
2017; 7: 527–530.

 23. Vilibic-Cavlek T, Ferenc T, Vujica Ferenc M, 
et al. Cross-reactive antibodies in tick-borne 
encephalitis: case report and literature review. 
Antibodies 2022; 11: 72.

 24. Colman D and Peaslee S. Powassan virus in a 
hunter returning from a trip in the Adirondack 
Park. Wilderness Environ Med 2020; 31: 87–90.

 25. Dumic I, Madrid C and Vitorovic D. Unusual 
cause at an unusual time-Powassan virus 
rhombencephalitis. Int J Infect Dis 2021; 103: 
88–90.

 26. Kakoullis L, Yalcin A, AbdelRazek MA, et al. 
Powassan virus infection presenting as acute 
encephalitis in a patient from the New England 
area: a case report. Neurol Sci 2022; 43: 5119–
5123.

 27. Birge J and Sonnesyn S. Powassan virus 
encephalitis, Minnesota, USA. Emerg Infect Dis 
2012; 18: 1669–1671.

 28. Tavakoli NP, Wang H, Dupuis M, et al. Fatal 
case of deer tick virus encephalitis. N Engl J Med 
2009; 360: 2099–2107.

 29. Henningsson AJ, Lindqvist R, Norberg P, 
et al. Human tick-borne encephalitis and 
characterization of virus from biting tick. Emerg 
Infect Dis 2016; 22: 1485–1487.

 30. Voulgari N, Blanc CM, Guido V, et al. Tick-
borne encephalitis related uveitis: a case report. 
BMC Ophthalmol 2021; 21: 315.

 31. Yurchenko OO, Dubyna DO, Vynograd 
NO, et al. Phylogenetic analysis of tick-borne 
encephalitis virus strains found in an engorged 
tick and traveler returning from Russia. Ticks Tick 
Borne Dis 2021; 12: 101670.

 32. Divé I, Veje M, Dobler G, et al. Tick-borne 
encephalitis virus (TBEV) infection in pregnancy: 
absence of virus transmission to the fetuses 
despite severe maternal disease – a case study. 
Ticks Tick Borne Dis 2020; 11: 101491.

 33. Czarnowska A, Kapica-Topczewska K, 
Garkowski A, et al. Severe tick-borne encephalitis 
in a patient recovered from COVID 19. Ticks 
Tick Borne Dis 2022; 13: 101940.

 34. Cavanaugh CE, Muscat PL, Telford SR, et al. 
Fatal deer tick virus infection in Maine. Clin Infect 
Dis 2017; 65: 1043–1046.

 35. Allgaier J, Quarles R and Skiest D. Possible 
prognostic value of serial brain MRIs in Powassan 
virus encephalitis. Emerg Infect Dis 2019; 25: 
1956–1958.

 36. Neill L, Checkley AM, Benjamin L, et al. 
Rhombencephalitis and myeloradiculitis caused 
by a European subtype of tick-borne encephalitis 
virus. Emerg Infect Dis 2019; 25: 2317–2319.

 37. Weinmayr LM, Kanz D, Eckenweiler M, et al. Acute 
tick-borne encephalitis during pregnancy – an 
alarming combination. Ticks Tick Borne Dis 2020; 
11: 101512.

https://journals.sagepub.com/home/tai
www.cdc.gov
www.cdc.gov
www.cdc.gov


A Fareed, S Rohail et al.

journals.sagepub.com/home/tai 23

 38. Kristiansen K. TBE in Denmark – in particular 
on Bornholm. Int J Med Microbiol 2002; 
291(Suppl. 33): 62–63.

 39. Boyer P, Kieffer P, Josiane S, et al. Borrelia 
burgdorferi sl and tick-borne encephalitis virus 
coinfection in Eastern France. Med Mal Infect 
2018; 48: 218–220.

 40. Zachary KC, LaRocque RC, Gilberto Gonzalez 
R, et al. Case 3-2019: a 70-year-old woman with 
fever, headache, and progressive encephalopathy. 
N Engl J Med 2019; 380: 380–387.

 41. Velay A, Janssen-Langenstein R, Kremer S, et al. 
Tick-borne encephalitis in pregnant woman and 
long-term sequelae. Emerg Infect Dis 2023; 29: 
669–671.

 42. Lotrič-Furlan S, Petrovec M, Avsic-Zupanc T, 
et al. Concomitant tickborne encephalitis and 
human granulocytic ehrlichiosis. Emerg Infect Dis 
2005; 11: 485–488.

 43. Pogorzelski R, Drozdowski W and Rogowski M. 
Symptomatic palatal myoclonus with ear click 
after tick-borne meningoencephalitis. Eur Arch 
Oto-Rhino-Laryngol 2006; 263: 711–713.

 44. Cimperman J, Maraspin V, Lotric-Furlan S, et al. 
Double infection with tick borne encephalitis 
virus and Borrelia burgdorferi sensu lato. Wien 
Klin Wochenschr 2002; 114: 620–622. https://
pubmed.ncbi.nlm.nih.gov/12422613/ (accessed 4 
September 2023).

 45. McNair ANB and Brown JL. Tick-borne 
encephalitis complicated by monoplegia and 
sensorineural deafness. J Infect 1991; 22: 81–86.

 46. Gils S, Frans J, Ho E, et al. Case report: tick-
borne encephalitis (TBE) in a Belgian traveller 
returning from Germany. J Travel Med 2018; 25 
(1): 10.1093/jtm/tay078. 

 47. Agergaard CN, Rosenstierne MW, Bødker R, 
et al. New tick-borne encephalitis virus hot spot 
in Northern Zealand, Denmark, October 2019. 
Eurosurveillance 2019; 24: 1900639.

 48. Weststrate ACG, Knapen D, Laverman 
GD, et al. Increasing evidence of tick-borne 
encephalitis (TBE) virus transmission, the 
Netherlands, June 2016. Eurosurveillance 2017; 
22: 30482.

 49. Iff T, Meier R, Oláh E, et al. Tick-borne 
meningo-encephalitis in a 6-week-old infant. Eur 
J Pediatr 2005; 164: 787–788.

 50. Zajkowska J, Czupryna P, Pancewicz S, et al. 
Fatal outcome of tick-borne encephalitis – a case 
series. Neurol Neurochir Pol 2011; 45: 402–406.

 51. Arnež M, Avšič-Županc T and Ružić-Sabljić E. 
Acute myositis associated with the initial phase 

of tick-borne encephalitis. J Clin Virol 2011; 51: 
276–278.

 52. Ananthan D, Shah S, Haseer-Koya H, et al. 
Powasson virus causing tick-borne encephalitis: a 
diagnostic dilemma. QJM 2014; 107: 909–910.

 53. Choi EEJ and Taylor RA. A case of Powassan 
viral hemorrhagic encephalitis involving bilateral 
thalami. Clin Neurol Neurosurg 2012; 114: 
172–175.

 54. Zajkowska J, Moniuszko A, Czupryna P, et al. 
Chorea and tick-borne encephalitis, Poland. 
Emerg Infect Dis 2013; 19: 1544–1545.

 55. Herpe B, Schuffenecker I, Pillot J, et al. 
Tickborne encephalitis, southwestern France. 
Emerg Infect Dis 2007; 13: 1114–1116.

 56. Bologheanu R, Schubert L, Thurnher MM, 
et al. Unexpected complete recovery of a patient 
with severe tick-borne encephalitis treated with 
favipiravir. Antiviral Res 2020; 184: 104952.

 57. Pessa ME, Verriello L, Valente M, et al. A 
rare case of pure sensitive Parsonage-Turner 
syndrome. Neurol Sci 2019; 40: 1499–1501.

 58. de Graaf JA, Reimerink JHJ, Voorn GP, et al. 
First human case of tick-borne encephalitis virus 
infection acquired in the Netherlands, July 2016. 
Eurosurveillance 2016; 21: 30318.

 59. Lessell S and Collins TE. Ophthalmoplegia 
in Powassan encephalitis. Neurology 2003; 60: 
1726–1727.

 60. Takashima I. Epidemiology of tick-borne 
encephalitis in Japan. Comp Immunol Microbiol 
Infect Dis 1998; 21: 81–90.

 61. Waldvogel K, Bossart W, Huisman M, et al. 
Severe tick-borne encephalitis following passive 
immunization. Eur J Pediatr 1996; 155: 775–
779.

 62. Fomsgaard A, Christiansen CB and Bødker R. 
First identification of tick-borne encephalitis in 
Denmark outside of Bornholm, August 2009. 
Eurosurveillance 2009; 14: 19325.

 63. Tajima Y, Yaguchi H and Mito Y. Fatal 
meningoencephalomyelitis due to the tick-borne 
encephalitis virus: the first detailed neurological 
observation in a Japanese patient from the 
Central Part of Hokkaido Island. Intern Med J 
2018; 57: 873–876.

 64. Rácz A, Schaller G, Lunkenheimer J, et al. 
Isolated meningomyeloradiculitis following 
infection with tick borne encephalitis virus. Clin 
Neurol Neurosurg 2012; 114: 1263–1265.

 65. Cruciatti B, Beltrame A, Ruscio M, et al. 
Neurological manifestation of tick-borne 

https://journals.sagepub.com/home/tai
https://pubmed.ncbi.nlm.nih.gov/12422613/
https://pubmed.ncbi.nlm.nih.gov/12422613/


Volume 11

24 journals.sagepub.com/home/tai

TherapeuTic advances in 
infectious disease

encephalitis in North-Eastern Italy. Neurol Sci 
2006; 27: 122–124.

 66. Enzinger C, Melisch B, Reischl A, et al. 
Polyradiculitis as a predominant symptom of 
tick-borne encephalitis virus infection. Arch 
Neurol 2009; 66: 904–905.

 67. Bender AM, Schulte-Altedorneburg G, Walther 
EU, et al. Severe tick borne encephalitis with 
simultaneous brain stem, bithalamic, and spinal 
cord involvement documented by MRI. J Neurol 
Neurosurg Psychiatry 2005; 76: 135–137.

 68. Hemmer CJ, Littmann M, Löbermann M, et al. 
Tickborne meningoencephalitis, first case after 19 
years in northeastern Germany. Emerg Infect Dis 
2005; 11: 633–634.

 69. Mázló M and Szántó J. Morphological 
demonstration of the virus of tick-borne 
encephalitis in the human brain. Acta Neuropathol 
1978; 43: 251–253.

 70. Raval M, Singhal M, Guerrero D, et al. 
Powassan virus infection: case series and 
literature review from a single institution. BMC 
Res Notes 2012; 5: 594.

 71. Piantadosi A, Rubin DB, McQuillen DP, et al. 
Emerging cases of Powassan virus encephalitis in 
New England: clinical presentation, imaging, and 
review of the literature. Clin Infect Dis 2015; 62: 
707–713.

 72. Centers for Disease Control and Prevention 
(CDC). Outbreak of Powassan encephalitis – 
Maine and Vermont, 1999–2001. MMWR Morb 
Mortality Wkly Rep 2001; 50: 761–764.

 73. Botelho-Nevers E, Gagneux-Brunon A, Velay A, 
et al. Tick-borne encephalitis in Auvergne-Rhône-
Alpes Region, France, 2017–2018. Emerg Infect 
Dis 2019; 25: 1944–1948.

 74. Ponfick M, Hacker S, Gdynia H-J, et al. 
Meningoencephaloradiculomyelitis after tick-
borne encephalitis virus infection: a case series. 
Eur J Neurol 2012; 19: 776–782.

 75. Suvi Kuivanen, Teemu Smura, Rantanen K, 
Kämppi L, Kantonen J, Kero M, et al. Fatal 
tick-borne encephalitis virus infections caused by 
Siberian and European subtypes, Finland, 2015. 
Emerg Infect Dis 2018; 24: 946–948.

 76. Sung S, Wurcel AG, Whittier S, et al. Powassan 
meningoencephalitis, New York, New York, 
USA. Emerg Infect Dis 2013; 19: 1549–1551.

 77. Zaki AM. Isolation of a flavivirus related to the 
tick-borne encephalitis complex from human 
cases in Saudi Arabia. Trans R Soc Trop Med Hyg 
1997; 91: 179–181.

 78. Skarpaas T, Ljøstad U and Sundøy A. First 
human cases of tickborne encephalitis, Norway. 
Emerg Infect Dis 2004; 10: 2241–2243.

 79. Mease LE. Case report: tick-borne encephalitis 
virus infection in beneficiaries of the U.S. 
Military Healthcare System in Southern 
Germany. Military Health System. https://www.
health.mil/News/Articles/2019/11/01/Tick-borne-
Encephalitis-Virus-Infection (2019, accessed 4 
September 2023).

 80. Schultze D, Dollenmaier G, Rohner A, et al. 
Benefit of detecting tick-borne encephalitis 
viremia in the first phase of illness. J Clin Virol 
2007; 38: 172–175.

 81. Yoshii K, Sato K, Ishizuka M, et al. Serologic 
evidence of tick-borne encephalitis virus infection 
in a patient with suspected Lyme disease in 
Japan. Am J Trop Med Hyg 2018; 99: 180–181.

 82. Mohareb E, Christova I, Soliman A, et al. Tick-
borne encephalitis in Bulgaria, 2009 to 2012. 
Eurosurveillance 2013; 18: 20635.

 83. Reusken C, Reimerink J, Verduin C, et al. Case 
report: tick-borne encephalitis in two Dutch 
travellers returning from Austria, Netherlands, 
July and August 2011. Euro Surveill 2011; 16: 
20003.

 84. Ergunay K, Sayiner AA, Litzba N, et al. 
Multicentre evaluation of central nervous system 
infections due to Flavi and Phleboviruses in 
Turkey. J Infect 2012; 65: 343–349.

 85. Kleiter I, Steinbrecher A, Flügel D, et al. 
Autonomic involvement in tick-borne encephalitis 
(TBE): report of five cases. Eur J Med Res 2006; 
11: 261–265.

 86. Chaudhuri A and Růžek D. First documented 
case of imported tick-borne encephalitis in 
Australia. Intern Med J 2013; 43: 93–96.

 87. Doyle C, McGreal-Bellone A, McDermott 
R, et al. Tick-borne encephalitis identified in 
Ireland: diagnosis and outcome. Ir Med J  
2022; 4: 588.

 88. Nord JM and Goldberg NR. Novel case of 
multifocal choroiditis following Powassan virus 
infection. Ocul Immunol Inflamm 2022; 30: 
1651–1653.

 89. Four SD, Mertens R, Wiels W, et al. 
Meningoencephaloradiculitis following infection 
with tick borne encephalitis virus: case report and 
review of the literature. Acta Neurol Belg 2018; 
118: 93–96.

 90. Tanaka D, Abe M, Kuroshima K, et al. A case 
of tick-borne encephalitis without any sequelae. 
Rinsho Shinkeigaku 2021; 61: 310–313.

https://journals.sagepub.com/home/tai
https://www.health.mil/News/Articles/2019/11/01/Tick-borne-Encephalitis-Virus-Infection
https://www.health.mil/News/Articles/2019/11/01/Tick-borne-Encephalitis-Virus-Infection
https://www.health.mil/News/Articles/2019/11/01/Tick-borne-Encephalitis-Virus-Infection


A Fareed, S Rohail et al.

journals.sagepub.com/home/tai 25

  91. Montvydaite M, Seskute G, Minseviciute G, 
et al. The manifestation of myositis in tick-
borne encephalitis as a prophet of severe disease 
course: a rare case report. Clin Rheumatol 2022; 
41: 1241–1245.

  92. Hockicková I, Sekula J, Hudáčková D, et al. 
[Tick-borne encephalitis in a pregnant patient]. 
Klin Mikrobiol Infekcni Lek 2019; 25: 16–19.

  93. de Bruijn M, van der Lely N, Marcelis 
J, et al. [‘Tick-borne’ encephalitis in an 
immunocompromised patient]. Ned Tijdschr 
Geneeskd 2015; 159: A9067.

  94. Walder G, Dierich MP and Würzner R. First 
documented case of infection with the tick-
borne encephalitis virus in Vorarlberg, Austria. 
Wien Klin Wochenschr 2001; 113: 454–458.

  95. McLean DM and Donohue WL. Powassan 
virus: isolation of virus from a fatal case of 
encephalitis. Can Med Assoc J 1959; 80: 
708–711.

  96. Goldfield M, Austin SM, Black HC, et al. 
A non-fatal human case of Powassan virus 
encephalitis. Am J Trop Med Hyg 1973; 22: 
78–81.

  97. Smith R, Woodall JP, Whitney E, et al. 
Powassan virus infection. A report of three 
human cases of encephalitis. Am J Dis Child 
1974; 127: 691–693.

  98. Rossier E, Harrison RJ and Lemieux B. A case 
of Powassan virus encephalitis. Can Med Assoc J 
1974; 110: 1173–1174, 1179–1180.

  99. Wilson MS, Wherrett BA and Mahdy MS. 
Powassan virus meningoencephalitis: a case 
report. Can Med Assoc J 1979; 121: 320–323.

 100. Partington MW, Thomson V and O’Shaughnessy 
MV. Powassan virus encephalitis in Southeastern 
Ontario. Can Med Assoc J 1980; 123: 603–606.

 101. Embil JA, Camfield P, Artsob H, et al. 
Powassan virus encephalitis resembling herpes 
simplex encephalitis. Arch Intern Med 1983; 
143: 341–343.

 102. Fitch WM and Artsob H. Powassan encephalitis 
in New Brunswick. Can Fam Physician 1990; 
36: 1289–1290.

 103. Gholam BI, Puksa S and Provias JP. Powassan 
encephalitis: a case report with neuropathology 
and literature review. CMAJ 1999; 161: 
1419–1422.

 104. Courtney T, Sears S, Woytowicz J, et al. 
Outbreak of Powassan encephalitis – Maine and 

Vermont, 1999–2001. MMWR Morb Mortal 
Wkly Rep 2001; 50: 761–764.

 105. Hinten SR, Beckett GA, Gensheimer KF, et al. 
Increased recognition of Powassan encephalitis 
in the United States, 1999–2005. Vector Borne 
Zoonotic Dis 2008; 8: 733–740.

 106. Trépanier P, Loungnarath V, Gourdeau A, et al. 
Supranuclear ophthalmoplegia in Powassan 
encephalitis. Can J Neurol Sci 2010; 37: 
890–892.

 107. Hicar MD, Edwards K and Bloch K. Powassan 
virus infection presenting as acute disseminated 
encephalomyelitis in Tennessee. Pediatr Infect 
Dis J 2011; 30: 86–88.

 108. Tutolo JW, Staples JE, Sosa L, et al. Notes from 
the field: Powassan virus disease in an infant – 
Connecticut, 2016. MMWR Morb Mortal Wkly 
Rep 2017; 66: 408–409.

 109. Sanderson M, Lindsay LR, Campbell TM, 
et al. A case of Powassan encephalitis acquired 
in Southern Quebec. CMAJ 2018; 190: 
E1478–E1480.

 110. Patel KM, Johnson J, Zacharioudakis IM, et al. 
First confirmed case of Powassan neuroinvasive 
disease in Rhode Island. IDCases 2018; 12: 
84–87.

 111. Picheca C, Yogendrakumar V, Brooks JI, et al. 
Polio-like manifestation of Powassan virus 
infection with anterior horn cell involvement, 
Canada. Emerg Infect Dis 2019; 25: 1609–1611.

 112. Koester TM, Timothy P, Meece JK, et al. 
Suspected neuro-invasive Powassan virus 
infection in a pediatric patient. Clin Med Res 
2020; 18: 95–98.

 113. Taylor L, Condon T, Destrampe EM, et al. 
Powassan virus infection likely acquired through 
blood transfusion presenting as encephalitis in a 
kidney transplant recipient. Clin Infect Dis 2021; 
72: 1051–1054.

 114. Kroopnick A, Jia DT, Rimmer K, et al. Clinical 
use of steroids in viral central nervous system 
(CNS) infections: three challenging cases.  
J Neurovirol 2021; 27: 727–734.

 115. Johnson IM, Scheckel C, Parikh SA, et al. Fatal 
Powassan virus encephalitis in patients with 
chronic lymphocytic leukemia. Blood Cancer J 
2022; 12: 143.

 116. Mendoza MA, Hass RM, Vaillant J, et al. 
Powassan virus encephalitis: a tertiary center 
experience. Clin Infect Dis 2024; 78: 80–89.

Visit Sage journals online 
journals.sagepub.com/
home/tai

 Sage journals

https://journals.sagepub.com/home/tai
https://journals.sagepub.com/home/tai
https://journals.sagepub.com/home/tai

