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Fatal Case of Deer Tick Virus Encephalitis
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SUMMARY

Deer tick virus is related to Powassan virus, a tickborne encephalitis virus. A 62-year-
old man presented with a meningoencephalitis syndrome and eventually died. Analy-
ses of tissue samples obtained during surgery and at autopsy revealed a widéspread
necrotizing meningoencephalitis. Nucleic acid was extracted from formalin-fixed
tissue, and the presence of deer tick virus was verified on a flavivirus-specific poly-
merase-chain-reaction (PCR) assay, followed by sequence confirmation. Immuno-
histochemical analysis with antisera specific for deer tick virus identified numer-
ous immunoreactive neurons, with prominent involvement of large neurons in the
brain stem, cerebellum, basal ganglia, thalamus, and spinal cord. This case dem—
onstrates that deer tick virus can be a cause of fatal encephahtls.

EER TICK VIRUS IS A MEMBER OF THE TICKBORNE ENCEPHALITIS GROUTP

of flaviviruses and is closely related to Powassan virus. Deer tick virus was

first isolated from. Fxodes scapularis-ticks in 1997 in. North America.® The com-

plete sequence of the deer tick virus has been determined.> The vird} genome is 10.8 kb

. in length and shares 84% nucleotide sequence identity and 94% amino acid sequence

identity with the Powassan virus genome. The two viruses are antigenically related,?

and it has been suggested that they share a commoen origin and représent two viral

lineages related to Powassan vitus in North America.? Ebel et al* refer to deer tick
virus as Powassan virus lineage II, and in this report we use the same terminology.

Several members of the tickborne encephalitis group of flaviviruses, including

tickboime encephalitis virus and Powassan virus, canse encephahtxs in humans and

animals, with tickborne encephalitis virus causing the most serious outbieaks. These -

viruses are closely related antigenically and are found predominantly in the northern
- hemisphere. In Europe, tickborne encephalitis occurs mainly in eastern and central
.regions and affects approximately 50 to 199 persons per 100,000 inhabitants an-
nually? The seroprevalence of antibodies to Powassan virus is estimated 10 be 0.5 to
4.0%:in areas in which the disease is endemic.¢
Infection with tickborne encephalitis virns can be mild or asymptomatIC, or 11: capr
result in meningitis and ercephalitis. Péwassan virus can be pathogenic in human
beings and can cause severe encephalitis with a fatality rate of up to 60% and long-
term neurclogic sequelae in survivors.” In contrast, Central BEuropean encephalitis
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that is-caused by tick bites typically produces mild or silent infection. Other disease- -

causing flavivireses include West Nile virus, St.-Louis encephalitis virus, dengue
virus, and yellow fever virus.® These viruses are transmitted by mosquitoes and cause
a spectrum of diseases including meningitis, encephalitis, dengue fever, and yeilow
fever.
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In certain locations of the northeastern and
notth central United States, the prevalence of deer
tick virus in adult deer ticks is high,2*¢ but human
infection has not been reported previously. This
could indicate that the virus does not easily infect
humans or that it is not particulardy pathogenic
Diagnostic testing for Powassan virus is riot xou-
tinely performed for patients with symptoms of
encephalitis. Human incidence may thus be cur-
rently underestimated. '

CASE REPORT

In late spring, a 62-year-old man was admitted to
a local New York State hospital with a 4-day his-
tory of fatigue, fever, bilateral maculopapular pal-
mar rash, and-an onset of diplopia, dysarthria, and

weakness in the right arm and leg. He was a na-

tive of New York State and had no history of re-
cent travel.. He owned horses and spent time out-
doors in 4 wooded area. Reports of Lyme disease
were cornmon in his county of residence, indicat-
ing tick activity in the area. His medical history
included chronic lymphocytic leukemia~small lym-
phocytic Iymphoma (CLL-SLL), which had been
diagnosed 4 years earlier and had inijtially been
treated with fludarabine. He was not taking cor-
ticosteroids. On admission, he was given nonsteroi-
dal antiinflammatory medijcation and an oral an-

- tibiotic (amoxicillin—clavulanate), which had been

prescribed by his primary care. physician for a
recent exacerbation of chronic sinusitis that had
been recurrent for more than a year. His baseline
white-cell count was 15,000 cells per cubic mil-
limeter and had increased to 70,000 cells per cu-
bic millimeter during the past 6 to 8 months. He
was started on broad-spectrum antibiotics and acy-
clovir (700 mg administered intravenously every
8 hours) for presumed infection of the central ner-
vous system. The differential diagnosis included
cerebral ischemia, possibly related to leukosta-
sis, infection {viral, bacterial, or fungal), and Iym—

Initial laboratory results were notable for a
markedly elevated peripheral-blood white-cell
count (144,200 cells per cubic millimeter) and ce-
rebrospinal fluid with normal glucose, minimally
elevated protein, no white cells, and a negative
Grant's stain (Table 1). The erythrocyte sedimen-

tation rate was 4, blood cultures were stetile, and -

antibody titers were negative for Barrelia burgdarferi
and Anaplasma phagocytophilum. The neurologic
symptoms progressed, and after 2 days he was
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transferred to another hospital. At the time of
transfer, the peripheral-blood white-cell count was
174,800 per cubic millimeter (with 4% neutrophils
and 94% lymphocytes) (Table 1).

Findings on flow cytometry were characteris-
tic of CLL-SLL. Bacterial and fungal blood cultures
were sterile, Sputum cultures for tuberculosis and
legionella species were negative. No serum anti-
bodies to Bartonella henselae or leptospira or bru-

cella species were detected. One day after ad-
mission, a repeat spinal tap showed an elevated

_protein level of 192 mg per deciliter; lymphocytic

pleocytosis with 891 cells per cubic millimeter
(with 1% neutrophils and 93% lymphocytes), and
a normal glucose level (Table 1). Flow cytometry
of the cerebrospinal fluid demonstrated a pre-
dominantly reactive T-cell population (98% of
CD45+ cells were CD3+/CD5+ small T cells), with
no evidence of CLL-SLL. Bacterial culture and
Gram’s staining of the cerebrospinal fluid were
negative. India-ink staining, cryptococcus antigen
test, and PCR analyses for herpes simplex virus
types 1 and 2 and JC-BK virus were negative in
cerebrospinal fluid.

Magnetic resonance imaging (MRI) performed
after transfer (hospital day 1) revealed abnormal -
T,-weighted and fluid-attenuated inversion recov-
ery {ELAIR) images, with hypermtensmes most
prominent in the superior cerebellum, left pons,
and bilateral basal ganglia (Fig. 14, 1B, and 1C).
An axia] diffusion-weighted image and apparent-
diffusion-coefficient sequences revealed restrict-
ed diffusion in the superior cerebellum, suggest-
ing an ischemic process (Fig. 1D). The patient
remained febrile (maximurm temperature, 104.5°F
[40,3°C]), and antimicrobial coverage was broad-
ened to include an antifungal agent. His neuro-
logic function deteriorated, which necessitated in-
tubation, and his function did not improve despite
maximal medical therapy. '

On hospital day 4, his fever abated, and com-
puted tomographic imaging revealed a mild ob-
structive hydrocephalus, leading to placement of
an external ventricular drain. On hospital day 5,
repeat MRI revealed worsening of signal abnor-
malities and markedly increased hydrocephalus.-
He was taken urgently to the operating room for
decompression with a subdccipital craniotomy, at
which time cerebellar biopsy was performed.
Analysis of the biopsy specimen revealed severe
meningoencephalitis with a dense meningeal lym-
phoid infiltrate containing mainly reactive CD4+
T cells, lymphocytic venous invasion and destruc-
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tion, widespread loss of cerebellar Purkinje cells,
occasional microglial nodules, and marked Rerg-

mann gliosis (Fig. 14 to 1H in the Supplemen- |

tary Appendlx available with the full text of this

article at NEJM. org). The parenchyma was mﬁl-_

trated by activated micro gha-—macrophages ahd
predommant[y CD8+ T cells (Fig. 1l and 1J i in the

. Suppletnentary Appendix). AII biopsy cultures Were 5

negative, and staining of blopsy tisstie was nega—,
tive for bacterial, fungal, atid mycobactenal Ofgan-.

isms and vu:aI .antjgéns ncludmg ‘herpes mmpiex_‘:'
vn-us 1 and'2 vancella zoster s, cytomegalo- :

N

] variable

Table 1 Resuits of Analys:s of Cerebrospmal F!uld and Blood of the Patjent.*

Da)r 1 after

 First | Transfer to

' Cerebrospmal ﬂu:d ' )
Glucose leve[ (mg{dl) - s - 47

-Protemlevel (mg/dl) _ ' 64 192
Whité-cell count (celIs[mm’) S0 £91
Neutropl-uls (%) _: B 1

';_Lymphocytes (%) o 93

. ) "e:celicou (cells]m'fﬁ’"- ¢ 14 174,800
Y _Neutrophlls (/) _ ) 4
Lyinp 5. (%) 94

Hospitdlization Second Hospital

Normal
Range

40-70
15~-45
0-5
0
70

3500-9100
. 38-80
15-40

"e.es per liter, multiply by 0.05551.

o standard nssue blocks Were parafﬁn-embed&e_ .+ wide

o Unembedded, forma i

_ _'_'ods secnon in the Supplementary Appendlx)

tLSSI.Ie Wu:h the use of the: WaxFree DNA'extracuon

- kit (’IrmlGen) This kit coextracts RNA. Ten micio-

" liters of extracted nucleic acid was reverse-tran-
scribed to complementary DNA (cDNA) with the
“use of the iScript cDNA synthesis kit (Bio-Rad).
Heminested reverse-transcriptase PCR. (RT-PCR)
for the detection of flavivires with the use of uni-
versal primers was performed as described previ-
" ously.**12 (In the Supplementary Appendix, ad-
ditional information on the PCR primers is listed
in Table A, and details regarding the PCR meth-
ods, sequence, and histologic and immunohis-
tochemical analyses are listed in the Methods
section.) :

' ,_ev.gns_vs-mx_msm:gmss—pcn AND sgqqeu_cs--._, '_ ;

jcentuated it large'motor neﬁrons £ thé brain
stem (including cranial nerve nuclel) spinal an-

'ﬁxed bram tlssue fl‘OII}. the Zopolio

terior horns, cerebellum, basal ganglia, and thal-
amus (Fig. 2, and Fig 3 in the Supplementary Ap-
pendix). Microglia—macrophage infiltration was

"greatest in gray-matter regions but also involved

white-matter tracts to a lesser degree (Eig. 3A in
the Supplementary Appendix).

~ As in the surgical biopsy, lymphoeytic infil-
trates in leptomeninges and perivascular spaces
contained predominantly CD4+ helper' T cells,
whereas those in the parenchyma were predom-
inantly CD8+ cytotoxic T cells (Fig. 4 in the Sup-

. plementary Appendix). CD8+ T cells were also
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Fmgure 1 Magnet:c Resunam:e lmagmg {MRI} of the Bram on Hospita[ Admlssion
“MRI scdnning that was’ performed on- hospltal day 1 revealed anormal T we1g|1ted s:gnalmg in the supenor cere-
be]lum (Panel A, arrow) and abnoimal T,-weighted ﬂmd-attenuated inversion recovery images with hypermtensmes
in the cerebellum and left pons, (Panel B, arrows) and in the bllateral basal ganglia {Pangl C). The supenor cerebel-
“lum was bright on d1ffu510n—we1ghted imaging {Panel D} and dark on apparent-diffusion- coefﬂuen‘c sequences,
which suggested an lschemlc process. :

more frequently identified in close apposition to performed: a PCR panel including real-time PCR.
surviving neurons (Fig. 2C, and Fig. 44, 4B, and assays for the detection- of herpes simplex viruses
4E in the Supplementary Appendix). - 1 and 2, Epstein—Barr virus, cytomegalovirus, hu-
~ On the extracted nucleic acid from the form- man herpesvirus type 6, varicella~zoster virus, and
alin-fixed brain tissue, the following analyses were adenovirus; real-time RT-PCR assays for the de-

I
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tection of West Nile virus and eastern equine en-
cephalitis virus; a real-time PCR_assay using a
cDNA template for the detection of enterovirus;
a group-specific RT-PCR assay for the detection

of alphaviruses*3; and conventional PCR assays us-

" ing a cDNA template-for the detection of St. Louis
encephalitls, California serogroup, and Cache Val-
ley viruses. PCR assays for the detection of borrelia
species, including B. burgdorferi; and of A phagocyto-
philum were performed on DNA extracts fiom the

cerebellum and spinal cord. All results were nega-

tive. A group-specific RT-PCR assay for the detec-
tion of flaviviruses gave PCR products of the ex-
pected size for both the first-round PCR and the
nested PCR,** The PCR products of approximately
250-bp and 220 bp were purified from the gel and
sequenced. A search with the use of the nucle-
otide Basic Local Alignment Search Tool (BLAST}
algorithm posted on the Web site of the National
Center for Biotechnology Information identified
a 220-bp sequence sharing 97% of the sequence

of deer tick virus strains CTB30 (accession num- -

-ber, AF311056.1), and IPS001 (accession mumber,

N ENGLJ MED 360,20 NEJM.ORG MAY 14, 2009 i

" AF310947.1) and Powassan virus strain R59266

(accession number, AF310948.1). To confirm the
lineage of the virus, sequencing was performed
with the use of previously published and newly
designed primer sets from the envelope coding
region, NS5, and sequences in the 3’ untrans-
lated region* (Table A in the Supplémentary
Appendiy). '

With a total of 23 primer sets used, two re-

gions of the virus were sequenced: 2748 bp, span-
ning part of the RNA polyinerase coding sequence
and the 3" untranslated region of the virus, and

" 1180 bp of the envelope coding sequence. Phylo-

genetic analyses of these fragments indicated that
the virus, named DT-NY-07, was most closely re-
lated to the deer tick virus (Fig. 3).%+26

To confirm that deer tick virus antigens were
detectable in brain tissue from the patient, two
polyclonal mouse antibody reagents were gener-
ated against whole deer tick virus and recombinant
deer tick virus B protein (tEDTV). Both antiserum

samples showed similar immunohistochemical

specificity in both the cerebellar biopsy and au-
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Louping ill virus (NC 001809)

topsy specimens, although generally a larger num-
ber of neurons and viral antigens in macrophages

were labeled with the whole-virus serum (Fig. 4,

and Fig. 'S in the Supplementary Appendix). The
whole-virus antiserum Iabeled neuronal-cell bod-
ies, dendrites, and axons, The rEDTV serum and
rarely the whole-virus serum also labeled round-
ed, granular-to-tubular profiles within the neu-
ronal cytoplasm of large motor neurons, with a

cellular distribution highly reminiscent of the

Golgi apparatus in some neurons (Fig. 44, and
Fig. 6 in the Supplementary Appendix). Alterna-
tively, the structures may represent viral particles
within the lysosomal-endosomal system. A seg-
mental distribution of labeled neurons was prom-
inent in the hippocampus (Fig. 4B). In isocortical

. regions, occasional labeled neurons and a focus.

of infected cells consistent with oligodendrocytes
were also identified (Fig. 4D).

N ENGL) MED 360;20 NEJM,ORG  MAY 14, 2009

DISCUSSION

Strains of Powassan virus lineages I and IT are
distinct and are maintained in separate enzootic
cycles because of differences in transmission vec-
tors and geographic distribution. Lineage I strains
are transmitted by ticks and have been reported
in North America (mainly in New York State and

Canada) and in eastern Russia, whereas lineage

I strains have been isolated in the Atlantic Coast
of the United States and in Wisconsin.* Lineage I
strains appear to be associated with L cookei-and

groundhogs (Marmota monax), whereas lineage IT

strains are associated with deer ticks and white-.
footed mice (Peromyscus leucopus).” In addition, lin-
eage II strains have not previously been associ-
ated with human disease, whereas a number of
infections in humans associated with lineage I
strains have been documented.*”* Frofi? these re-

[
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pyfa .
decorati al p
pantis arg visible. The wholgdeer |

inset, arrowheads); whereis theé rEDT
Roreactive ngliroris thit were Ht
drrows). In the temporal white

st dssodiated with inflammiatéry réaction
: al white matier,d focus‘of labeled cells consisfent wit}
panel). (For more details, see Fig. 5 4nd 6 ifi thie Supplementary Appendix.) .

ports, it appears that lineage I Powassan enceph-
alitis is characterized by respiratory distress, fever,
vomiting, convulsions, and occasionally paraly-
sis.2%19 Studies in the northern Ontario region of
Canada show an antibody prevalence rate of as
much as 3.2%, indicating that infection does not
always cause severe disease.?? In a phylogenetic

study of Powassan-telated viruses of North Amer-

ica, a lineage II strain (ON97} was reportedly iso-

lated from human brain tisstie. However, no other
information regarding the case was provided.
Confirrmation of infection with a lineage. I
strain of Powassan virus has been made princi-
pally by serologic methods. Because of serologic
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