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Tick-borne

Encephalitis

from Eating Goat:
Cheese in a

Mountain Region
~of Austria

Heidemarie Holzmann, Stephan W. Aberle,
Karin Stiasny, Philipp Werner, Andreas Mischak,
‘Bernhard Zainer, Markus Netzer, Stefan Koppt
Elmar Bechiter, and Franz X. Heinz

. We report transmisstcm of uck borne encephalms vcrus
- (TBEV) in July, 2008 through nonpasteurized goat milk to 6

* humans and 4 domestic pigs in an alpine pasture ‘l 500 m .

above sea level. This outbreak indicates the emergence of

ticks and TBEV at increasing alfitudes in central Europe and _

. the effi aency of oral transmission of TBEV

' T:ck-—bomc encephallus virus (TBEV) is a, human_:

pathogenic flayivirus that i is endemic 4o many Euro-
pean countries and to parts of cemral and eastern Asia (7).

- Even though vaccination” can effccuveiy prevent TBE (2),.

>10,000 cases -are reported annually for hospltahzed per-

- sons in-areas of Europe and Asia to which TBE is, endemic :

~TBEV occurs in natiral foci characterized by ecologlc hab-
" itats fa\{orable.for ticks, espec:ally in wooded areas. wnhm
the 7°C isotherm (3). The major route of virus transrission
- is tick bltes ‘but TBEV #lso can be transmitted during con-
" sumption of nonpaslcunzed miilk and milk products from

" infécted ammals pnmanly goats (3) ‘Qutbreaks resulting .

index caée-ocqurred. ina 43-year-old shepherd who had

stayed for 24 days at his alpine pasture (1,564 m above sea

level) before he was hospitalized for nonbacterial urethritis -
and nonspecific influenza-like symptoms (including pain in
the lower abdomen and- ]ég_s), followed by clinical signs
of meningitis. TBEV infection was confirmed serologically
by ELISA demonstration of specific immunoglobulin (Ig)

M and IgG in serom and cei'ebrospinal fluid. The patient

did not remember a tick bite but had eaten self-made cheese
prepared from a mixture of nonpasteurized goat mitk and
cow milk 8-11 days before illness onset; further investiga-

* tion found 6 additional persons who had eaten the same
* cheese (Figure). For 5 of them, recent TBEV infection was
serologically proven (Table). For 3 of these persons (2 men,
-44 and 65 years of age; and | woman, 60 years of age),

similar to the index patient, a typical biphasic course-and .-
symptoms of TBE (nonspemﬁc flu-like symptoms followed . %,

- by fever, cephalea, meningism, and ataxia after 4-10 days)

developed and they were hospltahzed The 2 other persons
who had. eaten the cheese (female, 37 and 7 years of age)’
were clmlcally asymptomatlc The noninfected person had -

vomited shortly after eating the cheese becduse of a gastric .

_ banding. None of the mfected persons had ‘been vaccmated' ‘ .

apainst TBEV.

The cheese was preparcd from a mixture of fresh mllk L
-from 1 goat and 3 cowsand was eaten shortly after produc-" -
tion. Detection of TBEV—specxﬁc hemagglutmatlon inhib-"

iting (HI) and nieutralizing antibodies in the ‘goatl’s serum. o

. proved infection in the goat; the 3 cows ‘were seronega-.-‘:_'
tive for TBEV. At the time of this mvestlgatlon (1 month .
. after cheese production), TBEV-was already undetectable

by PCR. in serum and milk of the goat. Cheese from the 3 .
batches produced after the comammatcd batch was TBEV -
négative by PCR. The orlgmal checse was no. longer avail- -

able for testing.

. from oral virus transmission ‘are fare in central Europe but

" more cohmon in, eastern Europe.and the Baltic-states (3.

: Our investigation of TBEV transmitted by milk from a goat
.in an a]plne pasture in 2 mountainous reglon provxdcs evi-

dence for a changing TBEV- -epidemiology in central Europe |
- and the expansmn of ticks-and TBEV fo- hlghcr reglons

. The Study
T We mvesugated aTBE outbreak compnsmg 6 cases,

- in 2 mountain region in _wcstem Austria in July 2008. The _
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_DISPATCHES

" Table. Infection parameters of 7 persons exposed to TBEV by eatmg nonpasteunzed goat cheese, Austﬂa 2008" -

Virologic parameters TBEV:

Sex/ Incubation, . Hospita_lized, TBEVEUSA TBEV ipfection
‘age,y . - d - Symptoms/signs Diagnosis d . Material  IgM 19G NT confirmed
M43 i Fever, cephalea, meningism, ME- i8 Serum Pos © Pos Pos " Yes
aseptic urethritis; CSF: : CSF Bor Pos ' )
pleocytasis ) L
M/65 10 Fever, cephalea, meningism, ME n Serum Pos Pos Pos Yes
vertigo, cerebeliar ataxia; CSF: . . CSF’ Bor Bor .
- pleocytasis 2 - . .
Ff60 14 . Fever, cephalea, meningism, ME 25 Serum  Pos- "Pos - Pos Yes -
. : : vertigo, cerebellar ataxia; CSF: - : CSE Pos . Pos : "
. pleocytasis- ' . - : -
Mi44 E:] ' Fever, cephalea, meningism, . ME - 9 .. Serum _Pos Pos Pos Yes
vertigo, cerebellar ataxia; CSF: R o Pes Bor -
pleacytosis c N : -
F/37 - "NA _.None NA 0 - Serum  Pos  Pos  Pos Yes ..
F7 . . NA None . CNA 0 Serum  Pos- Pos - Pos " Yes
F145 ¢ -NA None NA- 0 Serum Neg Neg Neg No

bor. bnrdedlne NA. nothi’cab!e nl ineLve

’ - "IBEV, uck-bome encephalilis virus; NT, neutralization test; CSF oerebrosplnal ﬂUId Ig. |mmunoglobulln ME, meningicencephalitis; pes, posmve

'l'he 4 domesnc pigs kept at the alpme pasture and fed .

" with the whey and-goat milk, however, were seropasitive -

- {TBEV HI- and 'neutralizing antibodies detected), which
indicated TBEV infection; but ho clinicat signs were. ob~_

" served. Infection with TBEV has been reported-in wild

boars (4,5). Serum samples from 105 goats from, pastures"
in the neighboerhood also were invéstigated for TBEV—spe—
c:ﬁc ant;bodleS' all goats were seroneoanve :

s

Conclusmns

.

- Quir analyses showed that the 6 humans and th&4 pigs
’ were infected through the milk of 1 goat, whlch had been
:transponed by car from a- TBE—nonendemlc valley to the
" ‘alp 12 days before production of the TBEV—contammated .
- cheese. Experiments have demonstrated that infected do-
‘. rhestic ammals (i.e., goats; sheep, and cows) can excrcte.
L “TBEV' into milk-for ~3-—7 days, beginning. as early as the -
~.second or third day postmfectmn (6-9).In addition,” al- -
. though cheese was produced once or twice each week, only"
. this=1-kg batch of cheese transmltted TBEV. Therefore,
.all'the evndencc indicates that the goat was infected at the
. alpme pasture at an-altitude of 1,564 m. Indeed, some ticks
-were_collected from cows that had stayed at this alutude_

- during the entire simmer. Analyses of these ticks for 'I'BEV

: '-by PCR, however; yielded only ncgat:ve results.

* "Our findings provide. further evidence for the expan-

sion of TBEV-endemic regions to higher altitudes in cen-
tral Europe. For example, longitudinal studies in the Czech -
. Repubhc, a country with similaf"climatic and ecologic con-
* .. ditions to those of Austria; showed,a shift in Jxodes-ricinus |
B tlcks and TBEV, from 700'm in 1981-1983 to 1,100 m: als .

- titude in 2001—-2005 (10,11). L1kew15e Zeman and’ Bened

© 82

'Qi_demonstrated that the maxiim altitude ‘at which TBEV 5
“ IS found in the Czech Repubhc gradaally moved upward_

S

S

during' 1970—200{} corr'esponding to the. rise in temp;er'a- ;
-ture during the same period (2. In Scandinavia, a north~

ward extension of the geographi¢ range.of /., ricinus ticks . :
an_d TBEV since the mid-1980s has also been recognized . ..

(1,13-15). Climatic changes most likely are the major driv-

irig forces for the geographlc changes in the dlStI'lb'utIOn of L -

TBEV dnd its main vector, [ ricinus, in Europe

- This report also emphasizes- the' efficiency of oril -
Aransmission of TBEV to ‘humans-and to pigs. Six of the 7
. persons who ate the cheese and all 4 pigs fed residual milk
or whey from the same cheese became, mfected Given the -
em:el]ent effecnveness of the TBE vaccme 2), Vaccination .,
pmbably could have prevemed all 6 human cases.
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E f e s X . .. During investigations into the outbreak of encephalitis in 1996 in the Kerala state in Indiz; an

’ arbovirus was isolated from a Culex tritaeniorhynchus mosquito pool. It was characterized as-a
'Japanese encephalitis and Wes! Nile virus cross-reactive’ arbovinus by complement fixation test. A
plaque reductlon—neu!rallzailon test was performed using hypenmmune sera raised against the.
plaque- punf' ed arbovirus isolate. The sera did not show reactivity with Japanese ‘encephalitis virus
and were weakly reactive with West Nile virus. Complete open reading frame sequence analysis
characterized the arbovirus as Bagaza virus (BAGV), with 94,80 % nucleotide identity with Afican -

_ BAGYV strain DakAr B209. Sera collected from the encephalitic patients.during the acute phase of
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o ilinés's showed 15 % (8/53) posiiivity for anti-BAGV neutralizing antibodies. This‘is the first report
of the isolation of BAGV from India. The presence of anti-BAGV neulrahzmg antibodies suggests '
that the human populatlon has been exposed 1o BAGV. :

:'’An outbreak of Japanese encephalitis -(JE) was reported
from - the Allapuzza, Thiruvanthapuram and Kottayam
districts of Kerala state, India, during 1996. Only 33 % (50/

_150) of ihe sera collected from hospltahzed cases were

" confirmed ‘as JE by immunoglobulin M (IgM) ELISA.-
... ®Other’ clinical specimens were not available: for further . .

g ““invéstigations. Entomologxcal investigations during the

" - outbreak were carried .out and 184 mosquito pools
collected - from .the affected area were processed for -

isolation in 2-day-oId Swiss mice by the intra-cranial route
(Rodngues et al., 1980; George et al., 1984), One pool from
< Culex: tritaeniorhynchus showed sickness in inoculated
micé. Brains from sick mice were harvested and suspended
in 10% bovalbumin phosphate saline. The suspensions
were_stored at —70 °C and designated as the arbovirus
isolate (96363).. The isolate showed cross-reactivity with
anti-JE virus (JEV) and anti-West Nile virus {WNV)

immune sera in a complement fixation (CF) test (Pavri & .

'Ghosh 1969 Rodrigues et al., 1980; Damle et al, 1998)

. The GenBank/EMBL/DDBJ accession. number of the Indian Bagaza
virus isolate sequenced in this paper'is EUBB49T2. '

A supplementary . figure showing the phylogenetic analy5|s of BAGV '_

based on nucleocapsid, membrane, non-structural (NS) 1, NS2,.NS3,

o NS4 and NS5 gene sequences is avaitable with the online version of thls

paper

The isolaté ‘did not react with immurie sera raised against -
other circulating arboviruses, . including Chandipura
(Rhabdoviridae), Sindbis - (Togavitidae), Chikungunya .
{Togaviridae), Kyasanur forest disease (Flaviviridae), Batai
(Bunyaviridae) and Dengue (Flaviviridae) viruses (Paul et -
al, 1970; Rodrigues et al, 1980; George et al, 1984)

In this study; we present the genetic characterization of the
arbovirus isolate and serological- analysm of availablé sera

- collected from encephalitis patients during .1996. The

Institutional Animal Ethiéal Committee approved: this
work and ethical guidelines were strictly. followed accord-
ing to’ their recommendations. The arbovirus isolate was
plaque-purified to rule out the possibility of isolation of ~
both JEV and WNV from the mosquito pool. The mouse
brain stock: of the arbovirus isolate was passaged twice in
porcine stable kidney (PS) cells to amplify the virus, A
smgle plaque was selected from the first PS cell passage and

_ then subjected to two. sequential rounds of plaque

purification (total of three plaque-to-plaque’, transfers),
followed - by amplification in PS cells. The cell culture

. Supernatant from PS cells was dlarified by centrifugation at

3220 g for 10 min at.4 °C,. supplemented with 20% fetal
bovine serum (FBS) and the aliquots were stored at 80 *C
and deagnated as the arbovirus stocks. Generation- of the .
arbovirus ‘virus-specific polyclonal hyperimmune sera,

-
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Genomic characterization of BAGV isolated in India

plaque reduction neutralization test (PRNT) and genetic
characterization studies were performed using the PS-
- amplified arbovirus stocks. Since the CF test characterized

the isolate as a JEV and WNV cross-reactive arbovirus,

PRNTs were performed to determine the antigenic
- relationship among these viruses. An in vitro neutralization
test was carried out using PS-adapted JEV (strain 733913),
WNV (strain 804994} and the arbovirus isolate (strain
96363), as described previously (Bondre et al., 2007). The
. threefold-diluted hyperimmune sera were mixed with 100
p-f. of each virus and the infectivity was determined in PS
cells. The serum dilution showing 80% plaque reduction
(NDy,) was considered as a neutralizing end point. As
shown in Table 1, the highest neutralizing activity was

observed with hemologous sera. In hetérologous neutral-
- ization between the arbovirus isolate and WNV, both

viruses showed cross-reactivity with each other, although

this was weaker than the homologous neutralization. The

JEV-specific hyperimmune sera.did nof neutralize' the
arbovirus isolate, even at a dilution-of 1:5.

As the CF test characterized the 96363 isolate as a JEV- and
WNV.-reactive arbovirns and the' heterologous neutraliza-
tion showed that it had weak reactivity with WNV, we
genetically characterized the. isolate. A 1050 nt fragment

from' the NS5 region of the sample was amplified by RT-

" PCR using flavivirus-specific universal primers that amplify
the partial NS5 fragment from a number of flaviviruses

previously (Bondre et_al., 2007). PCR products were
column-purified (QIAquick PCR purification kit; Qiagen)
and both strands were sequenced by using a Big' Dye

“Terminator cycle sequencing ready reaction kit (Applied

Biosystems) and an automated Sequencer (ABI Prism 310
Genetic Analyzer). A 10281 nt genomic sequence of BAGV-
India (GenBank accession no. EU684972) coding a 3426 aa

complete open reading frame (ORF) was obtained. Multiple

alignments of nucleotide sequences were carried out by
using cLusTal_x 1.83. The phylogenetic analysis of the
complete genome sequence of BAGV-India was assessed by
using MEGA (Tamura et al, 2007). For analysis-in MEGa,
Jukes-Cantor and nucleotide maximum’ camiposite like- )

‘lihood models were utilized, employing the neighbour-

joining algorithm. The topologies generated in the neigh-
bour-joining algoxithm were confirmed by using the
maximum-likelihood method, as implemented in the

. software Treefinder 2008, with the gammia-distributed rateg.s,

variation with four rate categories (HKY +y4) .model oﬁ
nucleotide substitidtion (Jobb et al, 2004). The reliability of

: "diﬁ’e_rent phylogenetic groupings was evaluated by using the

bootstrap test (1000 bootstrap replications). The genetic .
distance between different viruses was obtained by using the
P-distance model in MfGa. Phylogenetic trees were con-
structed by using the complete genomic sequence of the.

- Indian BAGV isolate (this study} and complete genomic

(Kuno, 1998). The genomic. RNA' of plaque-purified

arbovirus grown in PS cells was isolated using QlAamp -

viral RNA kit (Qiagen) according to the manufactorer’s
protocol. The RT-PCR amplification was carried out as

described by Kuno et al.-(1998). anid the amphﬁed product

was sequenced as described’ previously (Bondre et al.; 2007)..

- . BLAST analysis showed 99.90 % nucleotide identity (PNI)
~ with African - Bagaza vitus {(BAGV) strain. DakAr B209,

followed by 95 PNI with Israel turkey menmgoencephahtls
* virus {(ITMV). RT-PCR amplification and complete genome
" sequencing of BAGV-India was achieved by using overlap-

ping primers designed by aligning available flavivirus

sequences from GenBank with cuustar'x 1.83 software

(Thompson et al, 1997). RT-PCR amplification of overlap- .
‘ping gefiomic fragments was carried out as descnbed'

. Table 1. Homologbus and heterologous cross-neutralization
test using hyperimmune sera against JEV, WNV and -arbovirus
(BAGV) isolates |

Serum giving 80% plaque reduction was considered to be at the
. neuiralizing end point. NDgq values are given.

- Virus strain Hyperimmune sera a'gainsl: :
JEV (733913) WNV (804994) BAGY (96363)
EV s;m -5 ey
WNV - <5 - T239 31
BAGV <5 21 67 -

sequences (from GenBank) of representative strains from

different genomic groups in- the  Flaviviridae. Slmllarly, _

phylogenetic analysis™ of genomic fragments encoding -
different proteins ~— nucleocapsid,* pre-membrane "and
membrane, envelope and non-structural (NS) proteins 1-5

— was cartied out to understand the relationship between . - '
_ African and Indian BAGV isolates and other flaviviruses.

ES
W

Comparative analysis of both the Indian -and African -
(AY632545) BAGV complete ORF coding nucleotide °

" sequences showed 94.8 (PNI). The difference of 515 nt
© {5.2%) resulted in 77 aa (2.24 %) differences” throughout.

the ORF of Indian and African. (DakAr B209) BAGVE
isolates (Kuno & Chang, 2007). A difference of 20 aa was
documented in the structural protein coding region (14 nt
in the nucleocapsid with 2 aa differences, 40 nt in the
membrane with 13 aa and 73 nt in the envelope with 5 aa}, :
while 2 difference of 57 aa was documented in the NS
protein coding region (71 nt in the NSI region with 8 aa
differences, 50 nt in the' NS2 region with 7 aa, 95 nt inthe
NS3 region with 9 aa, 48 nt in the NS4 region with 19'aa~

-~ and 119 nt in the NS5 region with 14 aa). Additionally,

compared with BAGV-Dakar B209, one deletion (at nt A

" 7424) and four additions (nt 7438-7439, 7444 and 7463)

were documented in the NS4B région of BAGV-India.

Phylogenetic analysis using t}ie'complete sequence of the-

Indian BAGV ORF showed that this sequence had-a dlose

._ genetic relationship with, the African -BAGV-DakAr B20%

strain and clustered together with the Cidex mosquito-

. transmitted clade on the pliylogram (Fig. 1). Similar tree

topologies were obtained with both models (Jukes—Cantor "

and maximurm compos:te hkehhood) that were used to.

* hitp/ vir.sgmjoumals.org
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- AF0B0251-Japanese encephalilis virus
AF161266-Murray Valley encephalitis virus
DQ211652-West Nile virus
D00246-Kunjin virus- '

NC_007580-St. Louis encephalitis virus
100 |——AY632545 Bagaza virus - DakAr B209 - Afnca

100 l::

L EU6849?2—Bagaza virus - India
AY632542-Rocio virus
AY632539-liheus virus

NC_009029-Kokobera virus

AY632536-Bussuquara virus

— AY632535-Zika virus

AY762085-Dengue 4 virus

AF20849%-Dengue 2 virus
AB189120-Dengue 1 virus
AY766104-Dengue 3 virus

AY632537-Entebbe bat virus

— U54798-Yellow fever virus

AY632543-Sepik virus ,
NC_003675-Rio Bravo virus -

100

NC__00363_5—Modoc virus

NC_003676-Apoi virus

NC_006947-Karshi virus

L06436-Powassan virus .
AY323490-Kyasanur Iorest disease vlrus

- AY438626-Omsk hemorrhagic fever virus
NC_001809-Louping iHl virus

";{:FMOQBBS—T’ck borne encephalitis virus

ot

NC_001564-Cell fusing agent virus

Fig. 1. Phylogenetlc analysns of the’ BAGV complete ORF sequence using the nucleotide maximum composite likelihood model

_of the ‘neighbour-joining algorithm. Cell fusing agent virus was used as an outgroup in phylogenetic analysis” GenBank

Taccession numbérs are given on the figure. Numbers al the nodes indicate bootstrap supporl for each node Bar, nt -

. subsmullons per site..

“e

construct the complete ORF sequence based on the
* phylogenetic tree obtained by using the neighbour-joining
algorithm, ‘The phylogenetic analysis of individual gene
sequénces coding for nucleocapsid, membrane, NS1, NS2,
NS3 and NS4 showed similar tree topologies, which were
comparable with complete genome sequence-based analysis
-(Supplementary Fig. 5L, available in JGV Online). The PNI

using nucleocapsid and ‘membrane coding gene sequences
of Indian and African BAGV isolates was 96.00+1.25 and
92:30 4 1.20, respectively. Analysis of the NS proteins NS1,-

" NS82, NS3 and NS4. of both the. BAGV isolates showed

94.40+0.70, 95.10-40.60; 95204050 and 95.80+40.60

" 'PNI, respectively. ‘A number of previous. phylogenetic
. studies on flaviviruses mostly attempted. to use envelope
-coding sequenices. We also determined the genetic

relationship of BAGV-India using the additional envelope
sequences of -representative members ‘from different -
- Flaviviridae groups. In envelope sequence-based analysis,
BAGV-India grouped together with the African DakAr
B209 strain (95.9040.80 PN1) along with other members
of the Ntaya virus group of the. Flaviviridae (Fig. 2).
Envelope sequence. analysis of the African BAGV strain
{AF372407; Gaunt er al, 2001) showed that it had a closer
relationship (99.00+0.40 PNP) with DakAr B209 strain-
‘than BAGV-India (94.80:£1.70 PNI}. Among “other
" members of the Ntaya virus group, ITMV showed-a dose
reIatlonshlp (93.40-9550 PNI} with "all three BAGV
straifis, -followed by a more distant- reIatlons}up with
Ntaya virus (76. 00—77 00 PNI) and Tembusu virds (74 00—
75.00 PNI). As partxal NSS sequences from addmonal

2646
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75

NC_000843-Murray Valley encephalitis virus

AY463412-Usutu virus -

AF0B0251-Japanese encephalilis virus

AF404755-West.Nile virus

D00246-Kunjin virus

AY632544-5t. Louis encephalitis virus
AY6326542-Rocio virus

AY632538-lheus virus

AB110494-Tembusu virus

77

- AF372416-Ntaya virus )
AF372415-Israel turkey meningoencephalitis virus
oo| EVE84572-Bagaza virus - lnd__ia
a1l AY632545-Bagaza virus DakAr B209 - Africa
80! AF372407-Bagoza viris - Africa
AY632541-Kokobera vicus
AF372413-Aroa virus

49

83

97

- AF372412-Spondweni virus

—e "
5

89 N

AY632536-Bussﬁquara virus
F372422-Zika viis

AY632540-Kedougou virus

- AF288807-Dengue 1 virus
DQ401695-Dengue 3 vitus
NC 001474-Dengue 2 virus . _
AY776330-Dengue 4 virus
B114856-Yokose virus
AY63253'_7-Eﬁlebbe bat virus
U54798-Yellow fever virus '
-AYB32543-Sepik virus

AF37241 Q-Edge Hill virus

NC_ 0036?5 Rio Bravo virus
CH003635 Modoc virus
NC_003676-Apoi virus -

a3

DQ235146-Kadam virus

54

b3t

DQ235145-Gadgets Gully vifus

NC_006947-Karshivius

- 106436-Powassan virus
AY323490-Kyasanur forest disease virus

NC_003690-Langat virus o

— NC_001809-Louping il virus

| S_—

-

D01989336-Tick bore encephalitis virus
AY438626-Omsk hemorrhagic fevervirys

0.2

- NC_001564-Cell fusing agent virus

i F'g 2. Phylogenetic analysts of BAGV based on partial envelope sequences The tree was constructed by using MEGA, by the
. 'ne:ghbour—;ommg with nucleotide maximurh compoasite fikelihood model. Bootstrap confidence level (1000 replicates) and'a ™ .
confidence probabihly value based on the standard error fest were calculated using MEGA and are indicated at the nodes. Partial

" envelope sequences of additional viruses {where -complete genome sequences “weré not available) were used in.the -~ -

hylogenetlc analysis. Cell fiising. agent virus was.used as an outgroup in‘phylogenetic analysis: GenBank accession numbets -
are gwen on the fi gure. Numbers at ihe nodes indicate boolstrap support for each node. Bar, nt subsmuﬂons per snte
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members of the Flaviviridae were available in GenBank, we

performed separate analysis to determine- the genetic

relationship of BAGV-India with these viruses {data not
shown). With NS5 analysis, both the BAGV sequences
grouped together, with 99.904-0.10 PNI, in the Ntaya virus
group. However, in NS5 sequence analysis, the nucleotide
identities of BAGY and other members of the Ntaya virns
group were comparable with envelope sequence analysis.
BAGYV DakAr B209 and Indian strains showed 95.20-95.30

. PNI with ITMV, 76.50-76.60 PNI with Ntaya virus .and
75.10-75.30 PNI with. Tembusu virus.

We documented one nuclectide mserﬁon and four nucleot-
ide deletions in the complete ORF sequence of Indian and
. African BAGYV strains. The envelope sequence analysis of an

additional BAGV strain from Africa indicates a. closer -

genetic relationship with BAGV DakAr B209 than the Indian
BAGV strain, These data indicate independent circulation of
“both the African and Indian isolates in different geograph-

© ical areas. Although the time and mode of introdiiction of -

BAGV in India is unknown, we hypothesize that it may
represent a genetic variant of the BAGV strain which

originated in the African continent and was dispersed and .

established in areas with similar climatic conditions and
favouring vector multiplication. Dispersal of the flaviviruses

from the Old World to the New World and the co-existence .

of related viruses sharing antigenic, host and vector
‘ 31mllarlt1es have been supported by moIecular phylogenetic
‘analyses (Sabin, 1959; Gaunt ef al,, 2001; Chevalicr ét al,
2004; Mackenzie et al, 2004; Petersen &. Marfin, 2005;

Gould et al, 2006). However, to defermine the-precise .

. genetic relationship, geographical origin and epidemiology,
- full genome sequence data of more strains will be helpful.

. We isolated BAGV from a mosquito pool collected during

a JE outbreak and studied its’ genetic- relationship with
. other Flaviviridae. Since it 'was characterized as a JEV and
WNV cross-reactive arbovirus (CF test), we determiried the

... antigenic relationship with JEV and WNV by PRNT.
. 'Although the heterologous neutralization differentiated

these as three distinct arboviruses, we documented weak

_cross-reactivity between WNV and BAGV (Table 1). The -
genetic relatedness of BAGV and WNV in several genomic’
Tegions might be the reason-for antigenic cross-reactivity -

between these viruses (Kuno & Chang, 2007). We

". determined the previous exposure of hospitalized enceph-

alitis patients with BAGV by analysing ‘the sera stored at
—80 °C for anti-BAGV neutralizing antibodies. The
neutralization assay was performed with PS cell-adapted

BAGYV pools, as described previously {Bondre, et al.; 2007; -

Sapkal et al, 2007). Only 15% (8/53) of available sera

- -showed reactivity with BAGV, while 24.14 % (14/53) were.

.reactive with JEV (733913). Both the anti-JEV and anti-

- .BAGV neutralizing ‘antibody titres {NDjgo) were in the
range of 50-1250." All of the BAGV re_actlve sera. were

_negative for JEV by IgM ELISA. .,

o Recently, BAGV has been identified as one of the emerging

. and re-cmergmg human pathogens that causes febrile

illness in humans (Woolhouse et al, 2006)..1t belongs 1o
the Ntaya group of Flaviviridae and has been isolated in the
Central African Republic, Cameroon and Senegal, where it
circulates between ornithophagic mosquitoes and birds
(Digoutte, 1978; Traore-Lamizana et al., 1994; Diallo et al,
2005). It is genetically related to ITMV, which is a serious
avian pathogen in the Middle East and southern Africa
(ngoutte, 1978; Kuno et ‘al, 1998) The phylogenetic

- studies using envelope and NS5 sequences clearly suggest

that there is a close genetic relationship between TTMV and
BAGV. Other members of the Ntaya virus group are

“genetically distinct from BAGV and ITMV.. Qur prelim-
_inary findings on sera collected during the acute phase of

illness from h05p1tahzed patients indicates the presence of
anti-BAGV neutralizing antibodies. This suggests that
BAGY might be circulating in the area between ormnitho-
phagic mosquitoes and birds and incidentally the human
population. might be exposed to it. These observations need *
10 be strengtheried by investigating additional human
clinical specimens from the region. Howéver, our prelim-

'mary observations need to be confirmed by systematic

study of the human population from the Allapuzza,
Thiruvanthapuram and Kottayam districts of Kerala to
understand the association' of BAGV with human infec-"
tions. -

In.conclusion, this study indicates the necessny of serious

- efforts to investigate the likely involvement of BAGV in
“sporadic human infections .and outbreaks in- other '

vertebrates occurring in the region. This can be achieved

" by developing BAGV-specific serological and molecular

diagnostics for testing of human . clinical specimens
collected from the region. Additional studies addressing
the potential of various ‘mosquito species as vectors and
birds as amplifying hosts, and sero-surveillance in domestic

"animals and the human population will add-to- our

understanding of the epidemiology of arboviral diseases.
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DISPATCHES

West Nile VII‘UST

Infectlon in Plasma
| of ‘Blood and
Plasma Donors,

United States

" Christina B. Pfanitzer, Jens Modrof,
Mei-ying W. Yu, and ThbmaS-R Kreil'

" This study lnvestlgated the associallon of ongoing

" West Nile virus (WNV) infections with neutrailzmg antibody .

*fiters in US plasma-derived intravenous immune globulin

_released during 2003-2008.- Titers correlated closely with-
* the prevalence of past WNV-infection in blood donors with

- 2008 |ots indicating a prevalence of 1% ,

[ Test Nﬂc vinis (WNV) is ‘a flaviviras endemic 1o the
United States; typically, hundreds of clinical cases -

of infection occur each year, The observed number of clini-

L cal WNV infections as collated by ArboNET . (www.cdc.

L gov) and the incidence of asymptomahc WNV infections
" as.shown by nucleic acid testing (NAT) of the-US blood
- _supply (/) indicate. that =3 million WHV mfcctions oc-

* curred in‘humans during 1999-2008;

Because the immune system ‘elicits WNV neutrahz-'
- ing antibodies in response .o WNV mfectlon detectable’

. levéls of WNV neutralizing antibodies in the blood of

: _*persons with previous WNV infection is expected. Con-

sequently, lots of immune globulin-intravenous (human)

‘ _ States contain WNV. neutralizing -antibodies’ (2). Those

'. " IGIV lots, each prepared from several thousand plasma

donations to ensure a broad spectrum of antibedies, can
‘be used as an epldemxologlc tool that enables the surveil-

":  Tlance of thousands of persons in a-community through

“analysis of comparatively few samples In this study, we

demoistrated the increasing trend of WNV- ncutrahzmg .

antibody titers in lots of IGIV.

Comparing these titers with those. of persons’ with -
.+ confirined past WNV infection provides an independent

' ._'measurc of the percentagé of the US papulation previously

" _-'mfccted with WNV. Several WNV vaccing trials are ongo-

. mg or 1mmment, so information about-thé ‘prevalence. of

: past WNV mfectlon in the Umted States is valuable for:

'Aulhor afﬁilatlons Baxter Bioscierice, Venna "Austria (CB Plan-
rtzer. J, Modrof TR Krenl), and us Food and Drug Admmlstrauon

" 4ees. -
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planning the demonstration-of vaccine efficacy. Low inci-
dence and lack of highly WNV-endemic areas in the United
States preclude classic vaccine field trials because of study
size requirements and cost-logistics difficulties.

The Study

. -The WNV neutralization titers of several US plasma-
derived IGIV products (Gammagard Liquid/KIOVIG;
Gammagard S/D/ Polygam S/D;.Iveegam EN [Bakter
Healthcare Corporation, Westlake Village, CA, USA]) -
and plasma samples obtained from US blood donors, after

- .a NAT-confirned WNV infection were determined by an;
‘infectivity assay as earlier described (2), adapted to a clas-

sical microneutralization, format (3). WNV' neutralization
titers (i.e., the reciprocal 'dilution of a_1:2 series resulting
in 50% neutrallzatmn [NT,; detection limits <0.8 for un-

diluted 1GIVs and <7.7 for 1:10 predlluted serum]) arere-

ported as the mean # SEM. An unpaired f test was used to
evaluate whether titer differences between 2 groups were

_statistically 31gn|ﬁcant

- Using an extrapolation- derwed from screenmg the- -
US blood supply for WNV- (1), we calculated the average
annual number ‘of WNV infections in thie United States

. for 19992008 The total numhcr of neuroinvasive cases

reported for. those years fo the US Centers for Disease.
Control and- Prevention (CDC) through ArboNET was
multlphed by 256 (i.e., the factor between all WNV infec-

. tions and neuroinvasive cases). The cumulative infection
. -rate for €ach year-during 1999—2008 was then calculated -
by dmdmg the infections. occurring up to a specific year . -
by the US 'population for that year (determined by US

- _Census Bureau estimates [www. census.gov/popcstlstates/

' NST-ann-est. html
. (IGIV) maiiufactured.from plasma collected in the United ) miD).

Although WNV was first introduced into the United -

._States in 1999, only in: 2003 did the mean. WNV neutral- -

ization titers of IGIV lots released to the market start to

-. increase markedly (Flgure 1. Accordmg 10 extrapola-

tions from the WNV screening of the US blood ‘supply’

" (J), by 2003, an estimated 0.5% of the US population had -
_ been infected with WNV, aithough most infections were:
“asymptomatic.

A delay of =~ year occurs ’oetwecn the coﬂectwn of
plasma and the release of IGIV lots to-the market; thus, the
WNV-positive IGIV-Iots in 2003 reflect the larger number -
of WNV ‘infections occurring in 2002. Using the same ex-

.trapolatmns from the US bloed supply (1), we found that -
" the ~0.1% annial mcrements in the proportion of the US -
‘population with past WNV infection follow a straight fine
- (2=:0.9996), generally’ paralleled by the mean WNV neu-
- tralization titers of IGIV lots. ‘During 2005-2008, -when .
_large umbers of lotsofa single IGIV product (Gammagard B
" Liquid)could be analyzéd, the WNV neutrafization titer in-
. Acreased by 3 6 per year (rz 0: 9793) e




