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Rapid Detection of Powassan Virus
in a Patient With Encephalitis by
Metagenomic Sequencing
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We describe a patient with severe and progressive encephal-
itis of unknown etiology. We performed rapid metagenomic
sequencing from cerebrospinal fluid and identified Powassan
virus, an emerging tick-borne flavivirus that has been increas-
ingly detected in the United States.
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Encephalitis is a challenging clinical syndrome for which cur-
rent diagnostic testing for infectious, autoimmune, and neoplas-
tic causes often yields no identifiable etiology. Here we present
a case of severe, progressive encephalitis that was ultimately
shown by serology to be due to Powassan virus, an emerging
flavivirus transmitted by Lxodes scapularis ticks. We performed
metagenomic sequencing and detected Powassan virus in
cerebrospinal fluid 4 weeks before the diagnosis was made by
serology, demonstrating the utility of this method for timely
pathogen detection in severe central nervous system infection.

Received 22 May 2017; editorial decision 26 August 2017; accepted 6 September 2017,
published online September 13, 2017.

Correspondence: A. Piantadosi, Massachusetts General Hospital, 55 Fruit St, Boston, MA
02114 (apiantadosi@partners.org).

Clinical Infectious Diseases® 2018;66(5):789-92

© The Author(s) 2017. Published by Oxford University Press for the Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any
medium, provided the original work is not altered or transformed in any way, and that the
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DOI: 10.1093/cid/cix792

1DSA

Infectious Diseases Society of America hiv medicine association

CASE REPORT

A 61-year-old man was admitted in December 2016 with bilat-
eral headache, gait instability, lethargy, and confusion. He was
initially evaluated in the Emergency Department of a refer-
ring hospital, where computed tomography (CT) of his head
was normal and he declined lumbar puncture and admission.
Because of multiple tick bites in the preceding 2 weeks, he
was prescribed doxycycline for presumed Lyme disease. Over
the next 48 hours, he developed worsening confusion, weak-
ness, and ataxia. He returned to the referring hospital and was
admitted.

The patient’s medical history was notable for Crohn’s disease
treated with adalimumab, atrial fibrillation requiring anticoag-
ulation, hypertension, and a prior right frontal embolic stroke.
He lived in a heavily wooded area in New Hampshire, had fre-
quent tick exposures, and worked as a construction contractor
in basements with uncertain rodent and bat exposures. He had
no recent travel.

Upon admission to the referring hospital, physical exam-
ination was notable for an erythematous, indurated lesion at
the site of a tick bite on his medial right thigh. He was drowsy
and confused, profoundly ataxic without dysmetria, and had
right facial hemiparesis. He underwent lumbar puncture,
which demonstrated 430 leukocytes/mm® (96% lymphocytes),
a protein level of 133 mg/dL, and a glucose level of 43 mg/dL
(Figure 1A). No opening pressure was recorded. He had no
other laboratory abnormalities. He was empirically treated for
meningitis but within 12 hours of admission required endo-
tracheal intubation for airway protection, at which time he was
transferred to our hospital (hospital day 1).

On examination, the patient did not open his eyes to stimula-
tion or follow commands despite minimal sedation. His left leg
exhibited triple flexion to noxious stimulation. Magnetic reso-
nance imaging (MRI) of the brain showed T,-weighted hyper-
intensity of the bilateral thalami and cerebral cortex and diffuse
T,-weighted hyperintensity of the cerebellum, with no ischemia
or hemorrhage (Figure 1B). On hospital day 4, repeat brain MRI
showed increased symmetric hyperintensities of the cortex and
cerebellum with associated leptomeningeal enhancement, new
involvement of the midbrain, and partial effacement of the
fourth ventricle without hydrocephalus, suggestive of disease
progression. An electroencephalogram showed continuous
diffuse irregular delta waves, slowing of the background, and
occasional right frontal broad sharp wave discharges, without
seizures.

Lumbar punctures performed at our hospital showed
mild improvement in the lymphocytic pleocytosis (Figure
autoimmune, and

1A). Numerous tests for infectious,
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Figure 1. Clinical data and genome sequencing data. A, Timeline of diagnostic testing, imaging, and procedures. For diagnostic tests, each bar indicates the time between
specimen collection and receipt of results. B, Brain imaging and brain biopsy findings. Axial brain MRI images from hospital day 1 show focal T,-weighted/fluid-attenuated
inversion recovery hyperintensities of the bilateral thalamus (panel |, arrowheads) and cortex (panel |, asterisk) and confluent hyperintensities of the cerebellum (panel Il
arrowheads). Hematoxylin and eosin staining of a right posterior fossa biopsy performed on hospital day 11 shows extensive lymphocytic infiltration and thickening of dura
and diffuse inflammation of the cerebellum (panel Ill). CD3 staining of the cerebellum reveals a predominantly T-cell lymphocytic infiltrate in the granule cell and molecular
layers (panel IV). Scale bar = 100 um. C, Phylogenetic tree of Powassan virus genomes. The partial Powassan virus genomes identified in this study are labeled in pink. These
sequences cluster together and with other Powassan virus lineage Il genomes isolated from /xodes ticks in the Northeast United States. A separate cluster of Powassan virus
lineage Il genomes isolates from /xodes ticks in the Midwest United States is also demonstrated, and all lineage Il branches are labeled in purple. Powassan virus lineage |
genomes are included for reference (labeled in blue). Branches are labeled with the location, date, source, and GenBank ID of each Powassan virus genome. Nodes with at
least 80% bootstrap support are labeled with percentage of bootstrap support. /xodes dammini has been renamed Ixodes scapularis. Abbreviations: CRAG, cryptococcal anti-
gen; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; EEE, Eastern equine encephalitis virus; HSV, herpes simplex virus; IVIG, intravenous immunoglobulin; LCMV, lymphacytic
choriomeningitis virus; LP, lumbar puncture; MRI, magnetic resonance imaging; PMN, polymorphonuclear leukocyte; RMSF, Rocky Mountain spotted fever; SLE, Saint Louis
encephalitis virus; CT, computed tomography; VDRL, Venereal Disease Research Laboratory; VZV, varicella-zoster virus; WNV, West Nile virus.
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neoplastic causes of encephalitis were negative (Figure 1A
and Supplementary Table 1). On hospital day 11, the patient
underwent a right suboccipital craniotomy with biopsy of the
dura and underlying cerebellum (Supplementary Table 2).
Histopathology and immunohistochemical studies, which
returned on day 18, revealed diffuse lymphoid infiltrates (Figure
1B) and no evidence of vasculitis, infarction, or infection by spi-
rochetes and common viral pathogens.

The patient was treated with empiric broad-spectrum antimi-
crobials (Supplementary Table 3). Given concern for arboviral
infection, intravenous immunoglobulin was administered on
hospital days 6-10, with minimal improvement in the patient’s
clinical status.

The patient enrolled in a research study, and metagenomic
sequencing from cerebrospinal fluid (CSF) was performed on
hospital day 8, which identifed Powassan virus within 96 hours,
as described below. The diagnosis was confirmed 40 days after
admission by serologic testing performed at the Centers for
Disease Control and Prevention (CDC) from a CSF sample sent
on hospital day 2. Histopathologic evaluation of brain biopsy
specimens for Powassan virus at the CDC were equivocal.

The patient had minimal neurological recovery and was
discharged to an acute care facility on hospital day 30. Seven
months after discharge, he was reportedly able to nod his head
to questions and slightly move his upper extremities and toes.

METHODS

Metagenomic sequencing was performed using published
methods [1] on CSF from a clinically indicated lumbar punc-
ture performed on hospital day 5, plasma and whole blood from
hospital day 4, and brain tissue from the biopsy performed on
hospital day 11. Libraries were multiplexed and sequenced
using an [llumina platform, along with water and/or CSF from
an uninfected clinical sample as negative controls. Details are in
the Supplementary Appendix.

RESULTS

Powassan virus was detected in CSF from the initial rapid
sequencing run completed on hospital day 11. Among 2.4 mil-
lion total sequencing reads, 10 reads belonged to Powassan
virus. No other plausible pathogens were detected by metagen-
omic analysis or dedicated searches for specific bacteria and
viruses. Powassan virus was not detected in 2 negative con-
trol samples from the same sequencing run (uninfected CSF
and water), in any previous controls in our laboratory, in the
patient’s plasma (7.3 million reads), or the patient’s whole blood
(9.3 million reads); it was also not isolated by inoculation of
patient CSF or whole blood into weanling balb/c mice, and
these mice remained seronegative.

Deeper massively parallel sequencing using hybrid capture
technology (see Supplementary Appendix), performed using

2 independent libraries from CSF confirmed the finding of
Powassan virus and enabled assembly of a partial Powassan
virus genome (19%). Metagenomic sequencing and hybrid cap-
ture from the brain tissue sample also detected Powassan virus
and allowed assembly of another partial genome (48%). These
partial genomes were highly similar and belonged to Powassan
lineage II (Figure 1C and Supplementary Figures 1 and 2).
Detection of Powassan virus in this subject was confirmed by
quantitative reverse transcription polymerase chain reaction
(qQRT-PCR) (Supplementary Table 4).

DISCUSSION

We describe a patient with severe encephalitis secondary to
Powassan virus, in whom the etiologic agent was identified by
rapid metagenomic sequencing 4 weeks earlier than by standard
serologic testing. Our case underscores the utility of metagenomic
sequencing to detect pathogens in CSF in a clinically meaning-
ful timeframe; this has been reported previously in a patient with
neuroleptospirosis [2], but is not yet routine. Our results empha-
size the extremely high sensitivity of metagenomic sequencing
because we detected virus in CSF despite negative mouse inocula-
tion studies and in brain tissue despite inconclusive immunohisto-
chemistry. Finally, we demonstrate that metagenomic sequencing
enables genomic characterization of pathogens, which is critical
for surveillance of emerging and understudied pathogens.

Powassan virus, an emerging flavivirus transmitted by Ixodes
ticks, has been increasingly detected in New England, where
most human infections are presumed to be Powassan lineage
11, also known as deer tick cirus [3-9]. Similar to other cases,
our patient had altered sensorium and no peripheral labora-
tory abnormalities; CSF profile had normal glucose, elevated
protein, and pleocytosis; and brain MRI showed T,-weighted/
fluid-attenuated inversion recovery hyperintensities within the
basal ganglia, thalamus, and cerebellum. He was afebrile but was
receiving immunomodulatory therapy, which could suppress
fever. As illustrated by this patient, Powassan virus encephalitis
confers high morbidity and mortality.

Powassan virus may be responsible for a large number of
unrecognized infections in humans, including nonneuroinva-
sive disease. There is a substantial need for increased testing,
including the development of rapid diagnostic tests. Currently,
the gold standard for diagnosis is a screening antibody test fol-
lowed by a confirmatory plaque reduction neutralization test at
the CDC [10]. In our case, results took 5 weeks, which was too
slow to affect patient management.

Metagenomic sequencing has been successfully used to iden-
tify a range of pathogens in research studies and holds promise
as a powerful clinical diagnostic strategy. To obtain clinically
relevant results using metagenomic sequencing, 2 factors are
important to consider. First, the extremely high sensitivity
necessitates appropriate controls to reduce the possibility of
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false-positive results arising from environmental contamination
(Supplementary Figure 3). In our case, although few Powassan
virus reads were detected, they were found only in this patient’s
CSF sample and not in 2 negative control samples sequenced in
parallel. We further confirmed our results with 2 independent
sequencing libraries and qRT-PCR. Second, because metagen-
omic sequencing is relatively new, with still-evolving test char-
acteristics, results must be interpreted in the context of clinical
information, highlighting the need for close communication
between clinical and research teams.

Although no specific antiviral therapy exists for Powassan
virus, our results helped relieve uncertainty for the patient’s
family and care team. Should specific therapeutic interventions
have been available, our results may have facilitated their use
earlier during the course of illness. More broadly, implemen-
tation of metagenomic sequencing can avoid unnecessary test-
ing and guide decisions regarding the use of antimicrobial and
immunomodulatory treatments. Rapid pathogen detection also
has implications for public health, enabling timely interven-
tions in vector surveillance and eradication efforts.

Our identification of Powassan virus encephalitis by rapid
metagenomic sequencing highlights the utility of this unbiased
approach in identifying pathogens in a clinically meaningful
timeframe and supports its development as a diagnostic meth-
odology. This case also underscores the emergence of Powassan
virus as an important cause of severe encephalitis and empha-
sizes the need for further study of its epidemiology and
pathogenesis.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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