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~_consumption:of acaf palm fruit.

Vivmvwe . v

Oral Transmission

of Chagas Disease

by Consumption of

Acai Palm

Fruit, Brazil

Aglaér A, Nébrega, Marcio H. Garcia, Erica Tatto,

Marcos T. Obara, Elenild Costa, Jeremy Sobel,
and Wildo N Araujo

Most of the Amazonian population consumes agaf juice
daily. Contamination is belicved to be caused by triatomine
stools on the fruit or insects inadvertently crushed during
processing (/0). There are no reports of collection of agai
for jaboratory testing during an outbreak of acute Chagas
disease. Because putbreaks with high attack rates occur in
small groups s¢ members all consume the same foods,
agat has not beén cpidclhiologicqﬂy implicated in transmis-
sion of this discase.

During January—November 2006, a total of 178 cases
of acute Chagas disease were reported in.Pard State, Bra-
zil, in the Amazon basin (Ministry of Health, unpub. data).
Eleven of these cases occurred in Barcarena (population
63,268) (1) (Figure 1, panel B). All patients had symptom

In 2006, a total of 178 cases of acute Chagas di
were reported from the Amazonian state of Pard, Brazil.
Eleven occurred In Barcarena and ware confimed by vi-
sualization of parasites.on blood smears. Using cohort and
case—control studies, we implicated oral transmission by

{hagas disease (American trypanosomiasis) chronically
infects »10 million persons in Latin America (/). The
etiologic agent is Trypanosoma cruzi, which is transmitted
by bloodsucking triatomine insects. Other modes of trans-

" mission are transfusional; congenital, and oral (foodborne)

(2). Oral transmission occurs by consumption of foods con-

taminated-with triatomines or their feces or by consumption -

of taw meat from infected mammalian sylvatic hosts (3).
The precise stage of food handling at which contamination
occurs is unknown, The first outbreak of orally transmitted
Chagas ‘disease in Brazil was reported in 1965 (4). Two.
outbreaks were associated with ption of sugar cane

. juice (5,6). In these outbreaks, the incubation period was

%22 days, compared with 415 days for vectorial transmis-

.sion-and 30-40 days for transfusional transmission (7)
iy Chagas discase has not been considered endemic in the

Brazilian Amazon region, The first Amazonian outbreak of
acute Chagas disease was reported in 1968; oral transmis-

. sion was suspected (8). During 1968-2005, 4 total of 437 -
. cases of acute Chagas disease were reported in this region.

Of these cases, 311 were related to 62 outbreaks in which
the suspécted mode of mnsmis’si‘on was consumption of

'acai 9).

Agal is the fruit of a palm of the family Aracaceae (Fig-
ure 1, panel A), it is crushed to produce a paste or beverage.’

Author affilations: Brazillan Ministry of Health, Brasilia, Brazil (A.A.

Néb}eoa. M.H. Garcia, E. Tatto, M.T. Obara, W.N. Araujo); Secre--

tariat of Public Health, Belem, Brazil (E. Costa); Centers for Dis-

ease Control and Prevention, Atianta, Georgia, USA (J, Sobet); and”

Gons:alo Muniz Institute, Salvador, Brazil (WN. Arau;o)
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onsct in September and October. Of the 11 case-patients, 5
were staff members at a health post who shared a meal at
a staff meeting on September 15. We attempted 1o identify
risk factors for iliness.

The Study :
We conducted a retrospective cohort study of staff
members at the health post who participated in the meet-’

ing on-September 15. A case-patient was any person who

participated in the meeting and had a positive dircct para-
sitologic examination for 7. cruzi or positive serologic re-
sults and clinical evidence of acute Chagas disease. A non-
case was any person who participated in the meeting and
bad negative test results for 7. cruzi. We also conducted
a 1:3 case—control study (11 casc-patients and 34 controls
matched by sex and age) that included patients with labora-.”
tory. confirmed cases from Barcarena. A case-patient was

any person’in “whon: during-September 1-October 15 T. . )

cruzi-was found by-direct parasitologic examination, irre-
spective of signs or symptoms of disease, or who had posi-'

tive serologic results and clinjcal evidence of disease. This - o

interval was based on date of symptom onset of the first and

last case-patient and = reported incubation period of 3-22 . -

days for orally transmitted discase. Controls were age- and
sex-matched residents of case-patiént neighborhoods who
had negative serologic results for T. cruzi.

Parasitologic examinations were. conducted for case-
patients by using quantitative buffy coat test, thick blood

smear, or buffy coat test(the latter:2 tests included Giemsa "
staining). Serologic tests were conducted. by using indirect

hemagglutination test, ELISA, or mdlrect_lmmunoﬁuores-

cent test. An immunoglobulin (Ig) M titer >40 was consid-

ered positive. Controls had nonreactive IgM and IgG titers.
We ruled out leishmaniasis in all persons with positive se--
rologic results for T. cruzi by using an 1mmunoﬂuorescent
test for 1gM o Leishmania spp: (12).

We conducted an ‘entomologic investigation during .
- Deceraber 11-16, 2006, at the homes- of 5, case-patients
and in forested areas near the homes of 2 case-patients; at. -
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"Figure 1. A) Acal palm and agal fruit. 8) Location of Barcarena in Para Stats, Brazil. C) Epldemic curve for 11 case-paﬂenn with acute

Chagas disease, Barcarena, Brazil, September—October 2008.

the commercial establishment where agaf consumed by the
case-patients linked to the hcallh post was prepared and
served; at an agei juice production and sale blist
reported to be frequented by other case-patients; and at the
river dock market where agal delivered to Barcarena is un-
loaded. At this market, we searched baskets used to trans-
port acal in river boats, We applied an insect-displacing
compound (piridine; Pirisa, Taquara, Brazil) to the interior
and exterior of buildings at mvestlganon sites and placed
traps (/3) to-obtain triatomines.

Data were analyzed by using Epi [nfo version 6.04d
(Centers for Discase Control and Prevention, Atlanta, GA,
USA), We measured relative risk in-the cohort study ahd
matched odds ratios in the matched case—control study,
with 95% confidence intervals and a = 5%. Fisher exact,
McNemar, Mantel-Haenszel, and Kruskall-Wallis tests
were used as needed. Study power (1 - §) was 5%,

‘All case-patients had positive results for . cruzi by

direct examination of blood (Figure 2). Nine.(82%) patients
were female; median age was 39 years.(range 7-70 years).

Eight (73%) patients resided in urban areas, 7 (64%) in
brick dwellings, and 3 (27%) in mixed brick and wooden
dwellings. All patients denied having had. blood transfu-
sions or organ transplants, having slept in rural or sylvatic’
areas, and having beén bitten by triatomines.

The epidemic curve for the 11 patients is shown in
Figure 1, panel C. Main signs and symptoms were fever,
weakness, facial edema, myalgia, arthralgla, and periph-
eral edema (Table 1). No deaths occurred, and median tinie *
from symptom onset to treatment initiation was 22 days,

The coliort consisted. of 12 persons who attended the,
staff meeting. Of these persons, 6 shared o meal, 5 (83%)
of whom were case-patients. The remaining persons were -
seronegative for T. crizi. Exposures associated with infec- -
tion were consumption of thick agal paste and drinking agai -
Juice at the health”post; consumption of chilled agaf was
proLechve (Table 2). This shared meal was the only com-
mon exposure among cohort members, No other foods con-~
sumed st the meal were associated with iliness (Table 2).
Among exposures tested, drmklng agal Juxcc on September
15 and at the health post were significantly associated with
illness (p<0.02 and p<0.001, respectively; matched odds

ratio not determined). Other. exposures were not associated

with illness, No triatomine insects were idenuﬁed at any

. “sites of the entomolegic invesngauon. )

Table 1. Signs and sy n1tp with (ab

confimed acitte Chagas di arena, Brazil, 2008
. San orm . No (%) patients
. 11 00) '
Faﬂgue ) 11 (100
Fadlal edema 11 (100)
Headache 10(81) ,
. Mysgla : 92 -
| Asrthraigia . 9(82)
Peripheral edema 9(82)
k Shortness of breath . T(84)
Fgure 2. Trypanosora cruzi (arvow) in peripheral blood smear of  Tachycardla ' - T(84)
a patient at a loca! health facility in a rural area of Pars State, Brazil _Nauseaivomiting : ©7(84),
(Giemsa staln, magnification x100). Image provided by AddanaA.  Jaundice Co o 5.(48)
Ofiveira, Brazifian Field Epidemiology Training Program, Brasifia,  Epigastric pain ) 5(48)
Srazil. Retroorbital pain- 5 (46)
- 654 Emerging Infectious Diseases » www.cdc.govield +Vol, 15, No. 4, April 2009
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Exposuret 1, no. (%} Not iil, no. (%) RR 95% CI u<m_:m.« % m LL &m.m ﬁ E_)rm @
Agal, thick paste 3(100) 0 45 . 13-15.3 WNM b [ N 7, &
Aga juice at heaith post $ (100} 0 4.5 1.3-1 m.w bl 40 B 25 & a)
Crilled agai Juice 1(12) 7(88) 0.1 o.o~|o.* o.oo ww % RE .m m [ON
Charque 3(75) 2(25) 53 . o._.mwllwmww o.a 2 2
Cupuaqu AV : b 3-6.1 068 & H o 1,
BIriba 1(50) 1 me . ww m.w‘m.o P H K Y mm &+ R
Murci P 2033 40 0.6-26.1 0.12 | i 2™ %&E S N
Any raw food 4(67) :2(33) / : e | 4 ! 2 e \OA*._‘/
“RR, relative risk; CI, confidencs interval. mxv % N A Ry #\.ﬂ .Eh“/ . b ‘...Iuﬁm. . : vT
40’-35:9._3 salted meat; cupuagu, birib4, and muruci are frutts. s ] N E .~m B muA u ;
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Unks - ’ Chagas conf.:.rmed on the west coast of Vargas
Donations : Ministry of Health [MINSA] reiterates the 1ifting of epldemologlc s:.ege
About PrO_MED"ma" . Yesterday the Minister of Health, Jesus Mnnt:l.lla, conf.).rmed that

Chagas disease is the disease that is attacking the population of
Chichiriviche de la Costa, in the western part of the state of Vargas.

The head of the Ministry of Health was in the area and stated that it
was transmitted through the ingestion of contaminated guava juice,
producing the outbreak of illness in the area, that affected 47

. students and three teachers from the xnozning shift of the Romulo
Monasterxos state school.

'similax:ly, the minister reiterated the statements made yestexday [4

Apx 2009 -- see prior PraMED-maill postiny’ Undiagnaosed fatalities -

Venezuela (02): (Va:gas) Chagas susp, RFI 200904041305 ~ Mod.MPP} by
. the governor of Vargas, Jorge Garcia Carneiro, the epidemiologic

- "fence" erected to stop the epidemic’ that occu::ed in the area, ’

because, as noted, thete is no risk of spread.

For th;.s disease, which for over 4 wee):s was atfecting the population
-and increasing numbers of patients, killing 3 children ages 7, 9 and 12 years.

However, 35 other children remain hospitalxzed in the La Gua;xa
Social Security [hospital], the Pariata Periferico [health fac;llty],
the Perez Carreno (health. facility] and the. University Clinic.
‘Doctors Erom this hospital reported that 1§ patients from the area
have been admitted, and that the problem is present from [the events
surrounding carnaval - Mardis Gras - Mod.MPP]. It was learned that
there is a patxenc in se:ious cond;tlon.

Although the possibility of txansmission in the zone wa;lruled out,
the residents. of Chichiriviche reported that the usual vacationers to
the zone have not arrived. [The affected area is a beach resort
frequented by vacationers. The week: ending in Easter Sunday is known
_as Semana Santa in Latin American countz;es.' It is a vacation week,
and locations such as Chichiriviche are usually filled with
vacationers coming fo: the week. - Mod MPP]

[Byline: Anthony Rangei]

“ Communicated by:

._onMED—mall <Ezomed@2:omedmall oxg> . .

'2000/05/1 i

[The above newswire is confirmation of the :uspicion that the

previously undiagnosed outbreak in Venezuela (see prior ProMED-mail

postings listed below) 'is due to ingestion of a juice that was : . -
contaminated with _Triatoma infestans_ intestinal contents. :

This is now the 7th outbreak of foodborne transmission of
trypanosomiasis in the Americas reported by ProMED-mail (see prior
postings listed below). As mentioned in the lst report of this
current outbreak {Undiagnosed fatalities - Venezuela: (Vargas),
Chagas, susp, RFI 20090402.1279), the 1lst reported outbreak of
foodborrie transmission of trypanosomiasis was reported. in Santa
~‘Catarina Brazil in 2005 (see prior ProMED-mail postings listed
~belowi . This outbreak was associated with ingestion of sugar cane
juice that was found to be contaminated with crushed _Triatoma
infestans_, the vector of trypanésomiasis in Brazil. Since reporting .
" of outbreaks of foodborne transmitted trypanosomiasis began, there :
were 6 prior documented outbreaks associated with contaminated juices -
-- 4 in Brazil (involving 4 states in. the country), one in Venezuela,
and one in Colombia. The prior outbreak in Venezuela involved 128
cases at a school in metropolitan Caracas, and was associated with
contaminated fruit juice. This current outbreak has involved
approximately 50 cases at a school in a'small beachside town/village
outside of Caracas, and is also associated with contuunated fruit juice.' ’

‘»One wonders how new a phenomenon foodborne tzansmiss:.on of -,
trypanosomiasis really is, or is it just that we are now looking more -
carefully as the standard of housing in these countries has improved,

- and exposure to the _Triatoma infestans_ in the household has
decreased. Or perhaps, there is improved recognition and
investigatxon of acute outbreaks in. general ln the region.

For the interactive HealthMap/onMED map of chichiriviche with links
. to other recent ProMED-mail postings in surrounding azeas, see .
<http: //healthmap. org/r/OOEy). - Mod.MPP] . .

[see also: ’ . . .
. Undiagnosed fatalities -~ Venezuela (02) (Vargas) Chagas susp,

- RFI 20080404.1305 ' .

Undiagnosed fatalities - Venezuela: (Va:gas), Chagas, susp, RPFI 20090-492.127

Trypanosomiasis - Colombia: (SAN), foodborne susp. 20090121.0259: .
~2007. . - s .

Trypanosomiasis, foodborne - Venezuela: (Caracas) (02) 20071231.4192 °

Trypanosomlasis, foodborne —-.Venezuela: (Caracas) 20071226.4141

. Trypanosomiasis, foodborne - Brazil (Amazonia) 20070821.2732

-zoos . . . . ’

Trypanosemiasis, foodborne - Brazil (PA) 20060728..2085

2005 . . .

Trypanosomiasis, foodborne ~ Brazil (Santa Catarina) (05) 60 0401.0940
Trypanosomiasis: - Brazil (Amapa) 20050331.0929 N ) B
Trypanosomiasis, foodborne - Brazil (Santa Catarina) (04) 20050330.0917 .-
Trypanosomiasis, foodborne - Brazil (Santa Catarina) (03) 20050327.0884 -
Trypanosomiasis, foodborne - Brazil (Santa Catarina}- (02) 20050325.0870
szpanoscm:iasis, foodborne ~ Brazil (Santa Catarina) 20050324. 025
1997 . ) : K ) :
Chagas d:.sease - Latin }\men.ca 19970114.0066

Chagas diaease vector (05) 19970118,0105

1996

Trypanosomes, New World, Symposium - Guyana 1996 19960830 1493]
et seeen R LR RTINS - o) -] - .
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"+ ProMED-mail makes: every éffort to verify the reports that

- are' posted, but, the accuracy and complet:eneas of the
information, - and of any  statements or opinions based
thereon, are not guaranteed. The reader assumes all risks in -
using information posted or archived by ProMED-mail. . ISID.
_"and its . associated service providers shall not 'bé7 “held
. responsible fot errors or omissions or held liable to: any
“’fdmgcs incur.r:ed as a zqult of use or zeliance k\pon . posted
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) The NEW ENGLAND JOURNAL of MEDICINE, '
“ BRIEF REPORT ' 7,

Fatal Case of Deer Tick Virus Encephalitis

Norma P. Tavakoli, Ph.D., Heng Wahg, M.A.,, Michelle Dupuis, B.Sc.;
Rene Hull, B.A,, Gregory D. Ebel, Sc.D., Emily J. Gilmore, M.D.,
and Phyllis L. Faust, M.D.,, Ph.D. .

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 aytopsy revealed a widéspread
Decrotizing 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 encephalitis.

EER TICK VIRUS IS AMEMBER OF TI-iE TICKBORNE ENCEPHALITIS GROUP

From the Wadsworth Center, New Yorl
State Department of Health (N.P.T,, H.W.
M.D., RH.), and the Department of Bio
medical Sciences, School of Public Health,
University at Albany (N.PT.) — both in
Albany; the Department of Pathology,
University of New Mexico S¢hool of Med-
fcine, Albuquerque (G.D,E.); and the De-
partments of Neurology (EJ.G.) and Pa-
thologyand Cell Biology (P.L.F), Columbla
University, and New York: Presbyterian
Hospital (E).G., P.L.F) — both in New
York, Address reprint requests to Dr. Tava.
kaliatthe Empire State Plaza, P.O. Box 509,
Albany, NY 12201, or at norma.tavakoli@
wadsworth.org. ,

. of flaviviruses-and is closely related to Powassan virus. Deer tick virus was - N Englj Med 2009:360:2099:107,

“first isolated from Ixodes scapularis ticks in 1997 in North America.* The com-
plete sequence of the deer tick virus has been determined.? The viral gepome 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 common origin and represent two viral

 lincages related to-Powassan virus in North America.Bbel et al* refer to deer tick

Copyright © 2009 Massachutis Madicol_Society,

virus as Powassan virus lineage TI, and in this report we'use the same' terminology. * '

Several members of the tickborne encephalitis group of flaviviruses, including

tickborne encephalitis virus and Powassan virus, cause encephalitis in humans and -

. animals, with tickbdrne encephalitis viris causing. the most serious outbreaks, These -

viruses are closely related antigenically and are found predominantly in the northern

- hiemisphere, In Burope, tickborne encephalitis occurs mainly in eastern and central -
-regions and affects approximately 50'to 199 pefsons per 100,000 inhabitants an-

nually.s The seroprevalence of antibodies to Powassan virus is estimited to be 0.5 to .
4.0%in areas in whichi the disease is endemic.s - o
Infection with tickborne encephalitis virus can be mild or asymptomatic, or it cair
result in meningitis and ericephalitis. Powassan virus can be: pathogenic in human
beings and can cause severe encephalitis with a fatality rate of up to 60% and long-
term’neurologic sequelae in survivors.” In contrast, Centtal European encephalitis
that is‘caused by tick bites typically produces mild or silent infection. Other disease- -
causing flaviviruses include West Nile virus, St.-Louis encephalitis virus, dengue
virus, and yellow fever virus.® These viruses are transrnitted by mosquitoes and cause
a spectrum of diseases including meningitis, encephalitis, dengtie fever, aind yellow

* fever.

N ENGL) MED 360,20 NEJM.ORG  MAY 14, 2009
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" been recurrent for more than a year. His baseline .
white-cell' count was 15,000 cells per cubic mil-_

Thte NEW ENGLAND JOURNAL af‘MED[CIXj!E

In certain locations of the northeastern and
north central United States, the prevalence of deer
tick virus in adult deer ticks is high,%* but human
infection has not been reported previously. This

could indicate that the virus does not easily infect

humans or that it is not particularly pathogenic.
Diagnostic testing for Powassan virus is not rou-
tinely performed for patients with symptoms of
encephalitis. Human incidence may thus be cur-
rently underestimated. ’

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 shiowed an elevated -

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'a wooded area. Reports of Lyre disease
were cqmmon_'iq his county of residence, indicat-
ing tick activity in the area, His medical history

included chronic lymphocytic leukemia—small lym--

phocytic lymphoma (CLL~SLL), which had been

diagnosed 4 years earlier and had initially been -
treated with fludarabine. He was not taking.cor-

ticosteroids. On admission, he was given nonsteroi-
dal antiinflammatory medication and an oral an+
tibiotic (amoxicillin—clavulanate), which had been

" prescribed by his primary care. physician for a

recent exacetbation of chronic sinusitis that had

limeter and had increased to 70,000 cells per cu-

‘bic millitheter during the past 6 to.8 months. He

was started on brodd-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 lym-

phoma. . :

.

Initial laboratory results _wére notable fqr a

markedly elevated peripheral-blood white-cell
count (144,200 cells per cubic millimeter) and ce-
rebrospinal fluid with normal glucose, minimally
elevated proteini, no white cells, and a negative
Gram’s stain (Table 1). The erythsocyte sedimen-

tation rite was 4, blood cultures were sterile, and -

antibody titers were negative for Borrelia burgdorferi
and Anaplasma phagocytophilum. The neurologic
symptoms progressed, and after 2 days he was

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

_ protein level of 192 mg per deciliter; lymphocytic

pleocytosis with 891 cells per cubic millimeter
(with 1% neutiophils 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+/CDS+ ‘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. ] L .
Magnetic resonance imaging (MRJ) performed

"after transfer (hospital day 1)-revealed abnormal

T,-weighted and flujd-attenuated inversion recov-
ery FLAIR) images, with hyperintensities most
prominent in the superior cerébellum, left pons,.
and bilateral basal ganglia (Fig. 14, 1B, and iC).
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 (maximum 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: tevealed a mild.ob-
structive hydrocephalus, leading to placement of
an.external ventricular drain. On hospital day 5,
repeat MR] revealed worsening of signal abnor- .’

malities and markedly increased hydrocephalus,-

He was taken urgently to the operating room for
decompression with a suboccipital craniotomy; at
which time cerebellar biopsy was performed,
Analysis of the biopsy specimen reveuled severe

- meningoencephalitis with a dense meningeal lym--
phoid infiltrate containing mainly reactive CD4+
T cells, lymphocytic venous invasion and destrue-

.

Downloaded from www.nejm.org af WE’I‘.P%WHO@H%M% o on May 28, 2008 .
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BRIEF REPORT

tion, widespread loss of cerebellar Purkinje cells,

oceasional microglial nodules, and marked Berg-
mann gliosis (Fig. 1A to 1H in the Supplemen-

tary Appendix, available with the full text of this

article at NEJM, org). The parenchymg was. infil-

trated by activated microglia~macrophages dnd

predominantly CD8+ T cells (Fig. 11 and 1J in the-

- Suppleinentary Appendix). All bidpsy cultures'were

negative, and staining of biopsy tissue was nega-

tive fo bacterial; fungal, atd miycobacterial organ:

isms and vir

sirus 1200,
nflus

llz-zoster

rdin on hospitil.day? }eﬁéal\gd

d persistent hydrocephalts (Fig, 2 i
emehtary. Appendix). By hospital day 11,

"port was Withdrawn, and hé died17d s if't"é
onset. of symproms, Ap autopsy was performed.

idbrain, cetebellum, pous, and spinal cord was
bmitted for PCR. testing. (For détails onviruses

‘and cgnitrol samples that were uséd, see che Meth:

‘ods &eajon in the Supplémentaty Appendix

ERSE-TRANSCRIPTASE-PCR AN

D SEQUENCE .

it (Trirm Ten micro-
" 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 flavivirus with the use of uni-
versal primers was performed as described previ-
ously.2332 (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 histologi¢ and immunohis-
tochemical analyses are listed in the Methods
section.) : ) .

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

4l antigéns (inclidin heérpes simplex
et yirds, ytomegalo-
A pardinfluenza 3, adenovirus, -

fthe

eifibedded, formalinfixed brain tissue from the

Downloaded from www.nejm.org at WELPHARMA—YOKOHAMA D) on May 26, 2009 .
Copyright ® 2009 Massachuseits Medical Sodety. Al fights reserved, . _ .~
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Table 1. Ré;ul!q of Analysis of qubrosp.lnal Fldi_d‘and Blood of the Patient¥

: v Day 1 after
. i First Transfer to
Variable Haspltalization Second Hospital
_ Gerebrospinal fluid .
Glucose level (mg/d) - 59 47
Protéin level (mg/d) 78 192
Whité-cel ount (cells/mmy .0 891
Ney!ropl;\ils (%) ; o - 1
y ) 93
174,800
4
94

Normal
Range

40-70
15-45
0-5
0
70

3500-9100
38-80
1540

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 (Fig, 3A in
the Supplemeritary Appendix). )

" A$ in the surgical biopsy, lymphocytic 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

. -
- v,

s

. 2101

The NEW ENGLAND JOURNAL of MEDICINE

which suggésted an ischemic process.

Figiire l‘sz‘ghe}‘ic_Re‘sonahc‘a limaging {MRI) of the Brain on Hes ital Ad i?s . =

*MRI scannini that was'performed on-hospital day 1 revealed atinormal To-weighted signaling In the slup>e_r‘i_§)r cere-
bellum (Panel A, arrow) and abnofmal T,-weighted fluid-attenuated inversion recovery Images with h)’Pf’flntepsItlgs
in the cerebellum and left pons (Panel 8, arrows) and in the bilateral basal ganglia (Panel C). The superior cerebel-
lum was bright on diffusidn-weighted imaging (Panel D) and dirk on apparenl-‘diffuslbn-coefficienl sequences,

more frequently identified in close apposition to
surviving neurons (Fig. 2C, and Fig. 4A, 4B, and
4E in the Supplementary Appendix).

On the extracted nucleic acid from the form-
alin-fixed brain tissue, the following analyses were

N ENGLJ MED 360,20 NEJM.ORG  MAY14, 2009

performed: a PCR panel including real-time PCR

assays for the detection of herpes simplex viruses
1 and 2, Epstein-Barr virus, cytomegalovirus, hu-
man herpesvirus type 6, varicella<zoster virus, and
adenovirus; real-time RT-PCR assays for the de-

Downloaded from www.nejm.org at WELPHARMA-YOKOHAMA D) on May 28,‘2‘9(28 -

Copyright ® 2009 Massachusetts Medical Sodetyr All rights reserved.
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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*; and conventional PCR assays us-

" ing a cDNA template-for the detection of St. Louis

éncephalitis, California serogroup, and Cache Val-

: lc}'{ viruses. PCR assays for the detection of borrelia
" species, including B, burgdorferi, and of A phagocyto-

Philum were performed on DNA extracts from the

 cerebellurn 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
@ 220-bp sequence sharing 97% of the sequence

of deer tick virus strains.CTB30 (accession num- .
) “ber, AF311056.1), and IPS001 (accession number,

AF310947.1) and Powassan virus sttairi RS9266
faccession number, AF310948.1). To confirm the
lineage of the virus, sequencing was performed

with the use of previously published and newly
“designed primer sets fromthe envelope coding

region, NS5, and sequences in the 3° unirans.

lated tegion* (Table A in the Supplémentary.

Appendix).

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

gions of the virus were sequenced: 2748 bp, span-
ning part of the RNA polyrrietase 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-deér tick virus (Fig. 3).34-16

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 E protein (rEDTV). Both antiserum

samples showed similar immunohistochemical
specificity in both the cerebellar biopsy and au- -

N ENGL) MED 360,20 NEM.ORG  MAY 14, 2009

Downloaded from www.nejm.org at WELPHARMA-YOKOHAMA LD) on May 26, 2009 .

Copyright © 2009 Massachusetts Medical Soclety, Al g

ts reserved,

a7 - T

2104

The NEW ENGLAND JOURNAL of MEDICINE

" gs(LB (NC003687) _
" gs[t-M1409 (AF310941)

198264 (AF310939)
M11665 (AF310937)
Ti3-23-81 (AF310943)
W2762 (AFSYOMT)
647062 (AF310945) ]
791A-52 (AF310950) ]
SPO/BL0 (AF310838)
12542 (AF310945) .
DTNYAY (EU338403) Unesge It
+ R59266 (AF310948)
100} 195001 (AF310947) -
911 cTB30 (AFI10946) J

Uneage f

Louping ill virus {NC 001809}

topsy specimeﬁs, although gcner_zlly a larger num-

ber of neurons and viral antigens in macrophages

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

and Fig.'5 in the Supplementary Appendix). Tl_xe
whole-virus antiserum labeled neuronal-cell bod-

"ies, dendrites, and axons. The rEDTV seruin 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 somie neurons (Fig. 44, and
Fig. 6 in'the _Supplementary_Appe_nd.ix). Altq.raa-
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. 4DJ.

N ENGLJ MED 36020 NEJM.ORG AY 14, 2009

DISCUSSION

Strains of Powassan virus lineages I and 11 are
distinct and are maintained in separate enzootic
cycles because of differences in transmission vec- .
‘tors and geographic distribution. Lineage I straing
are trapsmitted by ticks and have been reported

" in North America (mainly iq Nequrk'Stz.te and
‘Canada) and in eastern Russia,'wherqs.lmage :
I strains have been isolated in the Atlantic Coast -

of the United States and in Wisconsin.* Lineage I -
strains appear to be associated with [ cookei:and

" groundhogs (Marmota monax), whereas lineage I¥

strains are associated with deer ticks and wl_:i'te-- :
footed mice (Peromyscus leucopus).” In addition, lin-
eage Il 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.**# Frotff these re-,
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ports, it appears that lineage I Powassan enceph-
alitis is characterized by respiratory distress, fever,
vomiting, convulsions, and occasionally paraly-
sis.1%19 Studies in the northern Ontario region of
Canada show an antibody prevalence rate of as
much as 3,2%, indicating that infection does pot
always cause severe disease.2 I a phylogenetic

study of Powassan-related viruses of North Amer-
ica, a lineage II strain (ON97) was reportedly iso-
Tated from human brain tissue.2 However, no other
information tegarding the case was provided,
Confirmation of infection with 1 lineage.
strain of Powassan virys has been made princi-
pally by serologic methods. Because of serologic

. NENGL MED 360;20 NEM.ORG Mav 14, 2009
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¢ross-reactivity, these methods do not necessarily
distinguish lineage I from lineage II strains. Neu-
tralization assays are required for confirmation;
miolecular detection and sequence determination,
as performed in 6ur investigation, allowed for de-
finitive classification of the virus. :

‘In this study, we detected deer tick virus by
both molecular and immunohistochemical meth-
ods in the central nervous system of a-patient with
encephalitis. The neurotropism seen in this case,
with involvement of both gray and white matter,
matches the pattern of central nervous system in-
fection for arboviruses, which may be highly neu-
roinvasive.?? :

. THe patient was known to have frequented
wooded areas, although no specific contact with
ticks had been reported. He presented in late

. spring, which suggested that transmission was

probably from nymphal deer ticks, which are most
active during spring and summer, months, In ad-
dition, since nymphal deer ticks are small in size
(1.5 mm in diameter), it is not uncommon for their
bites to remain undetected. Itis possible that the
patient’s underlying condition (CLL-SLL) predis-

" posed him to particularly serious disease. Reports

of elderly and immunocompromised patients be-
ing ata greater risk for severe encephalitis caused
by West Nile virus are well documented.2#.2s
Our immunohistochemical studies with newly
generated deer tick virus antibodies demonstrated

prominent labeling of neuronal-cell bodies and-

their processes; a focus of apparent oligodendro-
glial infection was also identified' (Fig. 4). In ad-

dition, some neurons ¢ontained rounded granular- .

to-tubular profiles. A segmental disttibution of
immunolabeling was evident in the hippocampus,
as-was seen in cerebellum infected by central,
European tickborne encephalitis virus, as described
previously.?% The parenchymal lymphocytic infil-
trates in this.case and in previous'pathological.
studies of tickborne encephalitis virus*?” were

predominantly CD8+ cytotoxic T cells, which were
also seen in close apposition to surviving neurons,
further indicating that immunologic mechanisms
may have contributed to nerve-cell destruction in’
tickborne encephalitides. .
Diagnostic testing for Powassan virus is not
routinely performed in patients with encephalitis.
More extensive testing for arboviruses, including
Powassan virus, might reveal that arboviral infec-
tions are more widespread than previously report-
ed. For Powassan virus, testing is especially impor-
tant during the summer months and in regions
where infected ticks are prevalent. Deet ticks trans-
mit several tickborne diseases, including Lyme
disease, human babesiosis, and h\iman'granulo-
cytic anaplasmosis.® This report of deer tick virus
resulting in a fatal case of encephalitis emphasizes
the significance of deer ticks in transmitting a
variety of infections. There are limited data on the
prevalence of infection with deer tick virus among
adult deer ticks, although a rate 0f 0.6 to 1.3% in _
limited geographic areas in the United States has
been reported.® Because no specific antiviral ther-
apy is available for Powassan infection, the best

strategy remains prevention (Le., avoidance of con-

tact with the aythropoed vector). Studies to elucidate
the prevalence and relative pathogenic features of
Powassan lineages I and II afe warranted, .
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