DISPATCHES

" Table. Infection parameters of 7 persons exposed ta TBEV by eating

nonpasteurized goat cheese, Austria, 2008

Virologic parameters TBEV
Sex/  Incubation, . Hospitalized, _TBEVELISA  TBEV infection
age, y d Symptoms/signs Diagnosis d Material oM 19G NT  confirmed
W43 11 Fever, cephalea, meningism, ME 18 Serum Pos  Pos Pos Yes
aseptic urethritis; CSF: CSF Bor Pos
pleocytosis .
M/65 10 Fever, cephalea, meningism, ME 30 Serum Pos  Pos Pos Yes
vertigo, cerebellar ataxia; CSF; CSF Bor Bor ’
pleocytosis
F160 14 Fever, cephalea, meningism, ME 25 Serum  Pos Pos Pos Yes
. vertigo, cerebellar ataxia; CSF: CSF Pos . Pos .
] pleacytosis .
Mi44 9 Fever, cephalea, meningism, ME 9 . Serum _Pos  Pos Pas Yes
vertigo, cerebellar ataxia; CSF: CSF Pos Bor :
pleocytosis
Fi37 ' 'NA : None NA 0 Serum Pos  Pos Pos Yes
F7- . NA None NA 0 Serum  Pos Pos - Pos Yes '
Flas ¢ NA None NA . 0 Serum Neg -Neg Neg No
*TBEV, tick-bome enoephallds virus; NT, neutrahzauon test; CSF cerebrospnnal fluid; 1g, immunoglobulin, ME, ingi phalilis, pos, positive;

bor, bordeﬂln& NA, notangble‘ neg, negal \We

The 4 domestlc pigs kept at the alpmc pasture and fed
* with the whey and goat milk, however, Were seropositive
(TBEV HI- and neutralizing antibodies detected), which
indicated TBEV infection, but no clinical signs were ob-
served. Infection with TBEV has been reported-in wild
boars (4,5). Serum samples from 105 goats from pastures
‘in the neighborhood also were investigated for TBEV-spe-
cific annbodlcs all goats were seronegative.

Conclusions

Our analyses showed that the 6 humans.and the 4 pigs
were infected through the milk of 1 goat, which had been
transported.by car from a TBE-nonendemic valley to the
‘alp 12 days before production of the TBEV-contaminated
cheese. Experiments have demonstrated that infected do-
mestic animals (i.c., goats; sheep, and cows) can excrete

:... - TBEV'int6 milk for ~3~7 days, beginning. as early as the

'second or third day postmfecuon (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 evidence indicates that the goat was infected at the
alpme pasture at an altitude of 1,564 'm. Indeed, some ticks
were collectéd from cows that had stayed at this altitude
during the entire summer. - Analyses of these ticks for TBEV
-by PCR, however, yielded only negative 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
Reptiblic, a country with similar climatic and ecologic con-
ditions to those of Austria, showed.a shift in [rodes ricinus

ticks and TBEV, from 700.m in 19811983 t0 1,100 m.al- -

titude in 2001~2005 (10,17). Likewise, Zeman and Bened
demonstrated that the maximum altitude at which TBEV

s found in the Czcch Republlc gradually moved upward
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during 1970—2000 correspondiﬁg to therise in tempera-
ture during the same period (/2). In Scandinavia, a north-

ward extension of the geographi¢ range of I ricinus ticks -
and TBEV since the mid-1980s has also been recognized .

(1,43-15). Climatic changes most likely are the major driv-
ing forces for the geographic changes in the distribution of
TBEV and its main vector, I. ricinus, in Europe:

This report also ‘emphasizes. the efficiency of oral
transmission 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, infected. Given the

excellent effectiveness of the TBE vaccine (2), vaccination .

probably could have prcvented all 6 human cases.
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. ‘ n . . 0:1,& m=<mm=om=m=m into the outbreak of msnmurm_:w in 1996 in the .mm.‘r_m. state in Indig, an

arbovirus was isolated from a Culex tritaeniorhynchus mosquito pool. It was characterized as'a -
Japanese encephalitis and West Nile virus QOm.m.,mmo.m<m,mGo<mEm by complement fixation test. A
plaque reduction—neutralization test was performed using hyperimmune sera raised against the .’
plaque-purified arbovirus isolate. The sera did not show reactivity with ._mvmzomc ‘encephalitis virus
and were weakly reactive with West Nile virus, Ooav_o»o open reading framé sequence- analysis
characterized the arbovirus as Bagaza virus (BAGV), with 94,80 % nucleotide idéntity with African
~ BAGV strain DakAr B208, Sera collected from the encephalitic patients during the acute phase'of

Received 1 April 2009
Accepted 30 June 2009

iliness showed 15% (8/53) positivity for anti-BAGV _._mc.am__usn antibodies. Thisis the first report.
of the jsolation of BAGV from India. The presence of ant-BAGV :oc:m_n_:u antibodies mcommma X
that the human population has vow: mxuomma {6 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 the sera collected from hospitalized cases were

" confirmed ‘as JE 3. immunoglobulin M (IgM) ELISA.
. #Other’ clinical specimens were not available for further .

* ““investigations. Entomological investigations during the

outbreak were carried .out and 184 mosquito pools
collected - from .the affected area were processed - for
isolation in 2-day-old Swiss mice by the intra-cranial route
(Rodrigues et al., 1980; George et al., 1984). One pool from
Culex . tritaeniorhynchus showed sickness in. inoculated
mice. 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- nnuncSQ with
antj-JE virus (JEV) and anti-West Nile virus. (WNV)

immuine sera in a complement fixation (CF) test (Pavri & .
" Ghosh, 1969; Rodrigues et al., 1980; Damle et al, Gmmv.

The GenBank/EMBL/DDBJ accession. number of the Indian mmmwNm
virus isolate sequenced in this paperis EU684972. o

A supplementary figure showing the phylogenetic analysis of BAGV

based on nucleocapsid, membrane, non-structural (NS) 1, NS2, NS3,
NS4 and NS5 gene unncnaoon is available with the online version. of this
umnoq

The isolate did not react with immune sera raised against -
other circulating ‘arboviruses, - induding - Chandipura
(Rhabdoviridae), ~ Sindbis - (Togaviridae),  Chikungunya .
(Togaviridae), Kyasanur forest disease -(Flaviviridae), Batai
EEQ»S.:.%& and Dengue (Flaviviridae) viruses (Paul et -
al., 1970; wommm:nu et al, 1980; George et.al., 1984).

In this study; we present the genetic characterization of the
arbovirus isolate and serological n:&v.m_u of availablé sera
collected from encephalitis patients’ during .1996. The
Institutional Animal’ Ethical Committee nvv.‘oﬁn 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
single plaque was selected from the first P$ 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 clarified by centrifugation at
3220 g for 10 min at 4 °C, EonBa:& with 20% fetal -
bovine serum (EBS) and the aliquots were stored at —80 *C
and mﬁ.mn%& as the arbovirus stocks. Generation of the ,
arbovirus virus-specific polyclonal hyperimmune sera,

2644

. ,012336 © 2009 SGM  Printed in Great Britain
36 . Dl , -

«



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 determing 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-u. of each virus and the infectivity was determined in PS
cells. The serum dilution showing 80% plaque reduction
(NDgo) was considered as a neutralizing end point. As
shown in Table 1, the highest neutralizing activity was

observed with homologous sera. In heterologous 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 not 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 arbovirus 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
" (Kuno, 1998). The genomic RNA of plaque-purified
arbovirus grown in PS cells was isolated using QlAamp
viral RNA kit (Qiagen) according to the manufacturer’s
protocol. The RT-PCR amplification was carried out as
described by Kuno et al.(1998). and the amplified product
was sequenced as described previously (Bondre et al., 2007),
BLAST analysis shiowed 99.90% nucleotide identity (PNI)

with African Bagaza virus (BAGV) strain. DakAr B209,

followed by 95 PNI with Israel turkey meningoencephalitis
virus (ITMV). RT-PCR amplification and complete genorme
scquencing of BAGV-India was achieved by using overlap-
ping primers designed by aligning available flavivirus
sequences from GenBank with crustaL_x. 1.83 software
(Thompson et al, 1997). RT-PCR amplification of overlap-
‘ping genomiic fragments was carried out as described

Table 1. Homologous 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
. neutralizing end point. NDjg, values are given.

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 sequernice of BAGV-
India (GenBank accession no. EU684972) coding a 3426 aa
complete open reading frame (ORF) was obtained. Multiple
ahgnments of nucleotide sequences were carried out by
using CLUSTAL_X 1.83. The phylogenetic analysis. of the
complete genome sequence of BAGV-Indiz was assessed by

using MEGA (Tamura et al, 2007). For analysis- in MzGa, ‘

Jukes—Cantor and nucleotide maximum composite like-
lihood models were utilized, employing the neighbour-
joining algorithm. The topologies generated in.the neigh-
bour-joining algorithm were confirmed by using the
maximum-likelihood method, as implemented in the
software Treefinder 2008, with the gamma-distributed rate,

-variation with four rate categories (HKY +y4) model oft

nucleotide substitution (Jobb et al, 2004). The reliability of
different 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 MEGA. Phylogenetic trees were con-
structed by using the complete genomic sequence of the
Indian BAGV isolate (this study) and complete genomic
sequences (from GenBank) of representative strains from
different genomic groups in the  Flaviviridae. Slmxlar]y,

phylogenetic analysis” of ‘genomic fragments encoding

different proteins — nucleocapsid,  pre-membrane and
membrane, envelope and non-structural (NS) proteins 1-5
~ was carried out to understand the relationship between
African and Indian BAGYV isolates and other flaviviruses.

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) BAGV#

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 2a and 73 nt in the envelope with 5 aa},
while a 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 in ‘the
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
7424) and four additions (nt 7438-7439, 7444 and 7463)
were documented in the NS4B région of BAGV-India.

Phylogenetic analysis using the complete sequence of the
Indian BAGV ORF showed that this sequence had-a close

genetic relationship with the African BAGV-DakAr B209" .

strain and clustered together with the Culex mosquito-
transmitted clade on the phiylogram (Fig, 1). Similar tree
topologies were obtained with both models (Jukes~Cantor

and maximum composite likelihood) that were used to .

Virus strain Hyperimmune sera against:
JEV (733913) WNYV (804994) BAGV (96363)
JEV 501 5 LS
WNV <5 239 )
BAGV <5 A 67
http//vir.sgmjournals.org
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190

" 100
[AY632545-Bagaza virus - DakAr B209 - Affica
EU684972-Bagaza virus = Indla .

___: AY632542-Rocio virus
o0 AY632539-liheus virus

AF080251-Japanese encephalitis virus
AF181266-Murray Valley encephalitis virus
DQ211652-West Nile virus
D00246-Kunjin virus.

NC_007580-8t. Louis encephalitis. virus

~— NC_009029-Kokobera virus -
——— AY632536-Bussuquara virus

AY632535-Zika virus

AY762085-Dengue 4 virus
AF208496-Dengue 2 virus
AB189120-Dengue 1 virus
AY7668104-Dengue 3 virus

AY832537-Entebbe bat virus.

U54798-Yellow fever virus
AY632543-Sepik virus

NC_003675-Rio Bravo virus -
NC_003835-Modoc virus

NC_003676-Apoi virus

NC_006947-Karshi virus
LO6436-Powassan virus

AY3 23490—Kyasanur forest disease vnrus o
AY438626-Omsk hemorrhagic fever virus
NC_001809-Louping ilf virus

FJ402886-Tick borne encephalitis virus

o

NC_0018664-Cell fusing agent virus

Fig. 1. Phylogenstic analysxs of the BAGV complete ORF sequence using the nucieotide maximum composite liketihood model

i substlfuﬂons per site.

-, of the neighbour-joining algorithm. Cell fusing agent virus was used as an outgroup in phylogenetic analysis: GénBank
“raccession numbers are given on the fi igure. Numbers at the nodes indicale bootstrap suppor( for; each node Bar, it -

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. S1, available in JGV Online). The PNI

using nucleocapsid and membrane coding gene sequences
of Indian and African BAGY isolates was 96.00 £ 1.25 and
92.30 1 1.20, respectively. Analysis of the NS proteins NS1,
NS2, NS3 and NS4 of both the BAGV isolates showed
94.4040.70, 95.1040.60; 95.20+0.50 and 95,80 10.60

"~ PNI, respectively. & number of previous phylogenetic

studies on flaviviruses mostly attempted to use envelope
coding scquenccs We also dctemuncd xhe genetic

relationship of BAGV-India using the additional envelope
sequences of - representative rmembers from different
Flaviviridae groups. In envelope sequence-based analysis,
BAGV-India grouped together with the African DakAr
B209 strain (95.90+0.80 PNI) along with other members
of the Ntaya virus group. of the. Flaviviridae (Fig. 2).
Envelope séquence. analysis of the African BAGV strain
(AF372407; Gaunt et al., 2001) showed that it had a closer
relationship (99.00:1+0.40-PNI) with DakAr B209 strain
‘than - BAGV-India (94. 80+170 PNI). ‘Among 'other
. 'members of the Ntaya virus group, ITMV showed-a close
relationship (93.40-9550 PNI) with “all three BAGV
strairis, followed by 2 more distant’ relatxonslup with -
Ntaya virus (76.00-77.00 PNI) and Tembusy viras (74.00~
75.00 PNI) As partxa] NSS scquences from addmonal
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AY453412-Usutu virug

AF080251 -Japanese encephalitis virus

AF404755-West Nile virus

D00246-Kunjin virus

AY632544-St, Louis encephalitis virus
AY632542-Rocio virus

i AY632539-Iiheus virus
AB110494-Tembusu virus

AF372416-Ntaya virus

7 EU684972-Bagaza virus - India
80' AF372407-Bagaza virus - Africa
AY632541-Kokobera virus
AF372413-Aroa virus
— AY632536-Bussuquara virus
AF372422-Zika virus .
AF372412-Spondweni virus
AY632540-Kedougou virus
AF298807-Dengue 1 virus
DQ401695-Dengue 3 virus

49

AY776330-Dengue 4 virus
100 AB114858-Yokose virus
AY632537-Entebbe bat virus

97 U54798-Yellow fever virus
;;E AY632543-Sopikvius
51 - AF372419-Edge Hill virus

86 —~ NC_003675-Rio Bravo virus
98 NC_00363%-Modoc virus
NC_003676-Apoi virus -
DQ235146-Kadam virus
DQ236145-Gadgets Gully virus
NC_006947-Karshi virus -
L06436-P virus

83|

82
NC_003690-Langat virus

NC_001809-Louping ill virus

NC_000943-Murray Valley encephalitis virus

AF372415-Israel turkey meningoencephalitis virus

AYG32545-Bagaza virus DakAr 8209 - Africa

NC 001474-Dengue 2 virus . .

AY323490-Kyasanur forest disease virus

DQ989336-Tick borne encephalitis virus
59! AY438626-Omsk hemorrhagic fever virys
NC_001564-Cell fusing agent virus

Fig. 2. Phylogenetic analysvs of BAGV based on partial envelope sequences. The tree was constructed by using MEGA, by the
_neighbour-joining with nucleotide maximum composite likelihood model. Bootstrap confidence level (1000 replicates) and a
confidence probability value based on the standard error test were calculated using MEGA and are indicated at the nodes. Partial

envelope sequences of additional viruses (where complete genome sequences ‘were not available) were used in. the -

phylogenetic analysis. Cell fiising agent virus was.used as an outgroup in‘phylogenetic analysis. GenBank accession nimbers

are given on the figure, Numbers at the nodes indicate bootstrap support for each node. Bar, nt substlt\_mons per site.

'hhé'//vir.sgmjoumals.qrg
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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 99.90+0.10 PNI, in the Ntaya virus

group. However, in NS5 sequence analysis, the nucleotide
identities of BAGV and other members of the Ntaya virus
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 nucleotide insertion and four nucleot-
ide deletions in the complete ORF sequence of Indian and
African BAGV strains. The envelope sequence analysis of an

additional BAGV strain from Africa indicates a- closer

genetic relationship with BAGV DakAr B209 than the Indian
BAGYV strain. These data indicate independent circulation of

" both the African and Indian isolates in different geograph-
.ical areas. Although the time and mode of introduction 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 aréas with similar climatic conditions and
favouring vector multiplication. Dispersal of the flaviviruses

4 _from the Old World 1o the New World and the co-existence

of related viruses ‘sharing antigenic, host and vector

- similarities have been supported by molecular phylogenetic

analyses (Sabm, 1959; Gaunt et al, 2001; Chevalier ¢t al,
2004; Mackenzie et al, 2004; Petersen &. Marfin, 2005;

Gould et al, 2006). However, to determine 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 determired 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
regions 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
BAGV 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 (NDgo) were in the
range of 50-1250. All of the BAGV reactive sera were
negative for JEV by IgM ELISA. .

- Recently, BAGV has been identified as one of the emerging
and re—emcrgmg human pathogens that causes febrile

illness in humans {(Woolhouse et al, iOOG).-It belongs to
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 ef al,,
2005). It is genetically related to ITMV, which is a serious
avian pathogen in the Middle East and southern Africa
(Digoutte, 1978; Kuno et al, 1998). The phylogenetic
studies using envelope and NS5 sequences clearly suggest

that there is a close genetic relationship between ITMV and -

BAGV. Other members of the Ntaya virus group are
genetically distinct from BAGV and ITMV.. Our prelim-
inary findings on sera collected during the dcute phase of
illness from hospitalized patients indicates the presence of
anti-BAGV neutralizing antibodies. This suggests that
BAGV might be circulating in the area between ornitho-
“phagic mosquitoes and birds and incidentally the human
population might be exposed to it. These observations need

to be strengthened by investigating additional human -

clinical specimens from the region. However, our prelim-
‘inary 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 condlusion, this study indicates the nccc‘ssit); of serious
efforts to investigate the likely involvement of BAGV in

‘sporadic human infectjons and outbreaks in- other -

vertebrates occurring in’ the region. This can be achieved
by developing BAGV-specific serological and molecular
diagnostics - for testmg 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 Virus
Infection in Plasma
of Blood and
Plasma Donors,
Umted States

Chfisti_na B. Planitzer, Jens Modrof,
Mei-ying W. Yu, and Thomas R. Kreil

This study investigated the association of ongoing
West Nilé virus (WNV) infections with neutralizing antibody
"titers 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 lots indicating a prevalence of 1%.

est Nile virus (WNV) is a flavivirus endemic to the

United States; typically, hundreds of clinical cases
of infection occur each year. The observed number of clini-
cal WNV infections as collated by ArboNET (www.cdc.
_gov) and the incidence of asymptomatic WNV infections
as shown by nucleic acid testing (NAT) of the US blood
supply (/) indicate that =3 million WNV infections dc-
“curred in humans during 1999— 2008.

Because the immune system elicits WNV neutraliz-

ing antibodies in response to WNV infection, detectable

" levels of WNV neutralizing antibodies in the blood of
persons with previous WNV infection is expected. Con-
sequently, lots of immune globulin-intravenous (human)
(IGIV) mariufactured. from plasma collected in the United
States contain WNV neutralizing ‘antibodies (2). Those
IGIV lots, each prepared from several thousand plasma
donations to ensure a broad spectrum of antibodies, can
‘be used as an epidemiologic tool that enables the surveil-
lance.of thousands of persons in a-community through
analysis of comparatively few samples. In this study, we
demonstrated the increasing trend of WNV-neutrahzmg
antibody titers in lots of IGIV.

Comparing these titers with those of persons with
confirmed past WNV infection provides an independent
measure of the percentage of the US population previously
‘infected with WNV. Several WNV vaccine trials are ongo-

" ing or imminent, so information about the prevalence of
past WNV infection in the United States is valuable for

Author affiliations: Baxter Bioscierice, Vienna, Austria (C.B. Plan-
itzer, J. Modrof, T.R. Krell); and US Food and Drug Administration,
Bethesda, Maryland, USA (M.-y.W. Yu).
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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/ Polygari S/D; Iveegam EN [Baxter
Healthcare Corporation, Westlake Village, CA, USAJ)
and plasma samples obtained fram US blood donors after
a NAT-confirmed 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% neutralization [NT,,; detection limits <0.8 for un-
diluted IGIVs and <7.7 for 1:10 prediluted serum]) are re-
ported as the mean = SEM. An unpaired ¢ test was used to
evaluate whether titer differences between 2 groups were
statistically significant.

Using an extrapolation- derived from screening the
US blood supply for WNV-(7), we cilculated the average
annual number of WNV infections in the United States
for 1999-2008.: The total number of neuroinvasive cases
reported for those years to the US Centers for Disease
Control and Prevention (CDC) through ArboNET was
multiplied by 256 (i.e., the factor between all WNV infec-
tions and neuroinvasive cases). The cumulative infection

-rate for each year during 19992008 was then calculated

by dividing the infections occurring up to a specific year
by the US population for that year (determmed by US
Census Bureau estimates [www. census.gov/popest/states/
NST-ann-est.html]).

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 (Figuré 1). According to extrapola-
tions from the WNV screening of the US blood supply

" (1), by 2003, an estimated 0.5% of the US population had

been infected with WNV, although most infections were:
asymptomatic.

A delay of =1 year occurs between the collecuon of
plasma and the releaseof IGIV lots to-the market; thus, the
WNV-positive IGIV lots in 2003 reflect the larger number
of WNV ‘infections occurring in 2002. Using the:same ex-
trapolations from the US blood supply (/), we found that
the ~0.1% annual increments in the proportion of the US
population with past WNV infection follow a straight line
(*= 0.9996), generally paralleled by the mean WNV neu-
tralization titers of IGIV lots. During 2005~2008, when
large numbers of lots of a single IGIV product (Gammagard
Liquid) could be analyzed, the WNV neutralization titer in-

. creased by 3.6 per year (r*= 0.9793).
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Flgure 1. West Nile virus (WNV) neutralization uters of US plasmal
derived immune globulin intravenous (human) (IGIV) lots by year of
production and estimated pi ge ofthe USp fon with past
. WNV Infection by year. WNV neutralizati titers were de d
either for retention or lot release samples of 3 IGIV products
produced during 1998-2005 or for a considerable proportion of
Gammagard Liquid/KIOVIG fots produced during 2006-2008.
-Results are shawn as mean + SEM (limit of détection <0.8) by year
of product release. For.5% of IGIV samples, fiters were multiplied
by 2 for comparison with the 10% IGIV samples at equivalent
bulin ‘conce ions. The p
pOpulauon with past WNV infection was caleulated from the b
of neurcinvasive cases reported per year and the esumated ratic of
neurcinvasive cases to total cases of WNV infection,

" US -plasma-derived IGIV lots released during 2008 .
showed variable WNV neutralization titers ranging from
2.8 t0 69.8; mean + SEM titer was 21 & 1'(n = 256). (Flg-
“ure 2). Compared with titers shown to be protective inan
animal model of WNV infection (equivalent to >21 by the
current assay) (2), ~40% of the 2008 JGIV lots had higher
titers. )

Plasma obtained from persons with: NAT-cdﬁﬁmcd'

.WNV .infection had even higher titers; mean + SEM titer.
was 208 + 40 for 30 persons available. for testing. When

_Tesults were corrected for thé immunoglobutin (Ig) G con-,

centration in plasma (=1%), compared with the 10% IGIV
preparations, the mean neutralization titer of the plasma
samples was ~100x h:gher than that of the IGIV lots tested
(2 080 vs. 21).

Conclusions . )
“The most comprehensive collation of information

' fibout. thei’ncjdence of WNV infection in the United States’
. is available from ArboNET. When that information is

combined with informition obtained from the nationwide )

screening of the blgod supply for WNV RNA by NAT -
. (1,4,5), the current prevalence of past WNV in the US pop
.ulation is estimated-to be. =1%.

- Busch et al. has noted that- Iargc-scale community-
based: serologic surveysare hardly feasnble because of their.

.~ expense and because WNV ELISA assays are possibly bi-

ased by -cross-reactions. with other flaviviruses (/). Never-

_ theless 7 seroepldemwlognc studies have been performed

ge of the-US donor

West Nile Virus Infection, United States

(6-12); Cumulatively, 5,503 persons were tested.for WNV

infection by ELISA,-and the results have shown highly di- .- -

vergent seroprevalence rates ranging between 1 9% (6) and‘ .
-14.0% (10). .
The use of IGIV lots, each representing the serostatus
of several thousand donors in 1 sample, makes seroepi-
demiology. practical (/3) because it allows a large -donor
population .to be surveyed by analyzing comparably few
samples. The use of a more complex yet functional virus-
neutralization assay minimizes concerns about cross-reac-
tivity with flaviviruses of other serocomplexes (e.g., den-
gue virus) that occasionally circulate in the US populatlon
Also, epidemiologic considerations render mtqrference by -
St. Louis encephalitis virus, aflavivirus within the samie se~ -
rocomplex; highly unlikely (2). The specificity of the neu-
tralization assay was confirmed by testing IGIV Jots manu- ‘
factured froin European-derived plasma against tick-borne
encephalitls virus, a flavivirus closely related to WNV. and '
circulating in Europe. Although these lots contained hlgh' -

neutralization titers against tick-borne encephalitis virus, Col

only 1 of 20 had a detectable neutrahzatlon tlter of Sagainst’
- WNV (unpub. data). :
In this study, we dctcrmmed that the mean mer of

. samples obtained during 2003-2008 from persons with a- :
conﬁrmed diagnosis of WNYV infection was 100x higher..
than the mean titers of IGIV lots produced in 2008. This: -~
'determination provides an mdepcndem experimental mea- .
sure of the frequency of past WNV-infection in the gen- .
eral US population; -as reflected by the plasma/blood donor ,

‘community, and the results correlate well with results ‘of .
previously published theoretical extrapolatlons ), whlch -

- estimated that 1% of the’ populanon has already been i m- -

fected with WNV.,
The increasing-levels of WNV neutrahzmg annbod- oL
ies in IGIV lots from us plasma and the pamcularly high -

1,024 - -

e 512 ‘ i -.:- :
8 2864 .

.ﬁ; 128 4 n
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‘§-— 84 FTTITIT]Y
z 4 ’
‘ US IGIV .. PastWNV
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. No. - m -2

Figure 2, West Nlle kus (WNV) neutrallzallon by us plasma- ’
derived | (hi ) (IGIV) ri din
2008 and p|asma from donors with pastWNV infedlon (past WNV) .
_confirmed by ‘nucleic acid ‘testing, WNV: rieutralization titers are
shown as the mean £ SEM- (limit of detection <08 for undiluted
IGIVs and <7.7-for prediluted sera) NT g, 60% neuIraNZatlon titer.
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titers in donors who have had a WNV infection suggest

the possibility of preparing IGIV products with sufficiently

high titers to be useful for WNV prophylaxis or treatment,

Several ongoing or imminent WNV vaccine clinical trials
stress the practical value of an independent confirmation of
extrapolations that estimate the percentage of the US popu-

lation with past WNV infection. Knowing the percentage

of preexisting WNV seroprevalence as well as estimates

of the mostly asymptomatic incidence rates (/4) can be of
vital importance in designing vaccine trials,

Acknowledgments
P. Noel Barrett and Don A. Baker are acknowledged for pro-
viding unconditional support and strategic vision for the project
reported. We are also indebted to John S. Finlayson for critical
~ review of this ipt. Critical reagents have been generously
provided by Susan L. Stramer and Robert E. Shope. .

Ms Planitzer is writing her PhD thesis on virus antibodies in

immune m_og::u at the Global Pathogen Safety Group of Baxter '
BioScience in Vienna, Austria, in collaboration with the Medical -

University of Vicnna, Austria. Her rescarch focuses on determin-
ing. functional- u=:<:m_ properties of immunoglobulin prepara-
tions. .

References

1. Busch MP, Wright DJ, Custer B, Tobler LH, Stramer SL, Kleinman

SH, et al. West Nile virus infections projected from blood donor
- screening ._ni. c:_noam.uﬂu. 2003. Emerg Infect Dis. 2006;12:395+
402.

2. Planiizer CB, Zo&on J, Kreil TR. West Z-_n virus :n::.n_ﬁs:o._
by US EEBnA_nzﬁn immunoglobulin products. J Infect Dis.
2007;196:435-40. DOL: 10:1086/519392

3. . Ehrlich HJ, Mulier M, Oh HM, Tambyah PA, Joukhadar C,-Monto-

- moli E, et al. A clinical trial of a whole-virus HSN1 vaccine derived
from cell culture. N-Engl J Zo.._ Neou ;358:2573--84, DOL: 10,1056/

-+ 'NEJMoa073121

4. Busch MP, Caglioti S, Robertson EF, McAulcy JD, Tobler LH, Tuan_
H, et al. Screening the blood u__uv_< for West Nile virus RNA by
nuclei¢ acid amplification testing. N Engl. ] Med. 2005;, umu 460-7.
DO 10, _o\um\ZEZoscﬁSw

1670 . Emerging Infectious Di

5. Swuamer SL, Fang CT, Foster GA, Wagner AG, Brodsky JP, Dodd
RY. West Nile virus among blood donors in the United Statcs, 2003
and 2004. N Engl J Med. 2005;353:451-9. DOL: 10.1056/NEJ-
Moa044333

6. Mandalakas AM, _A_cunuo Sedransk J, Kile IR, Garg A, McLeod J,
ct al..West Nile virus cpidemic, northeast Ohio, 2002, Emerg Infect
Dis. 2005;11:1774-7.

7. Meyer TE, Bull LM, Cain HK, vumoca RF, Travassos da Rosa A,

Gutierrez CR, et al. West Nile virus infection among the home- .

tess, Houston, Texas. Emerg Infeci Dis. 2007;13: _moolw PMID:
18257995

8. Schweitzer BK, Kramer WL, Sambol AR, Meza JL, Hinichs SH,.

Iwen PC. Geographic factors contributing to a high seroprevalenice
of West Nile <=.=Iv8_an n::coa_a in ‘humans following an
idemic. Clin Vaccine 1 l.. 2006;13:314-8. DOI: 10.1128/
CV1.13.3.314.318.2006
9. ‘Schellenberg TL, Anderson _Sm Drebot MA, Vooght MT, Findlat-
er AR, Curry PS, et al. Seroprevalence of West Nile virus in Sas-
katchewan's Five Hills Health Region, 2003, Can J Public Health,
2006;97:369-73.
10. - Murphy TD, Grandpre J, Novick SL, Seys SA, Harris RW, Mus-
grave K, West Nile virus infection among health-fair participants,

Wyoming 2003: assessment of symptoms and risk factors. Vector .

Borne Zoonotic Dis. 2005,5:246-51. DOI: 10.1089/vbz.2005.5.246

11, Mostashari F, Buaning ML, Kitsutani PT, m..:me‘ DA, Nash D, Coo-

_ per M, et & Epidemic West Nile en w. Zni York, 1999:
results of a t hold-based id | survey. Lancet.
2001;358:261-4. DOI: 10. _c_m\mo:o.mqumnc:emauo.o

12. Michacels SR, Balsama GA, Kukreja M, Anderson C, Straif-Bour-
geois S, Talati G, et al, Surveillance for West Nile virus cases in

* Louisiana 2001--2004. J La Statc Med Soc. 2005;157:269~72.

13, Audet S, Virata-Theimer ML, Becler JA, Scott DE, Frazier DI,
Mikolajczyk MG; et al. Measles-virus<neutralizing antibodies in
intravernous __.:B::om_ovc__:m J Infect Dis. 2006;194:781-9. DOL:
10.1086/506363

14. “Samuel MA, Diamond MS. vw:.omo:nm_u of West Nile virus infec-
tion: a balance between virulence, innate and adaplive immunity, and

. viral evasion. J Virol, 2006:80:9349-60. DO 10.1128/JV1. o:NN-
.06

Address for ‘comespondence: Thomas R. Kreil, Baxter BioScience,
Benatzkygasse 2-6, A-1221 Vienna, >=m=.m-“.aau=” thomas_kreil@baxter.
com ; . .

Use of trade names is noﬁ.ann:mou:o.: gq and daes not imply
endorsement by the Public Health Service or by the us.
_ Department of Health w:a Icama Services, '

New content
available for

i selected articles
each month

| onLINE ONLY

« www.cdc.govleid + Vol, 15, No, 10; October 2009

45 .

BUAREREE 2-1
E5 14

HERES

B

&

EEHAL
{EBEd:

$ TaNE Ly 2 BR KRe ©
ol mm%yﬁwﬁu4fm»&zuwwm
8| ERERIICSERINNERL
) ,mv.._y 2 “Emmm: /nzﬂlﬂ:/ﬁ
S | REISTERELEENLNEElN
vo| BRE R ESNasm SRk
: EOBY cElEHEINSVETY
mmw R ELISHHARES (POT T
mmm»ga& ‘mmimﬁm&wnmkﬂkﬁ_/&:
B & .mtﬁzmhLEMM\Mm%&%%/iﬂ
2 B legelstOsliscdoaseekd
s B O FmdEcobigssodoEay miH
3 B (RADOBEmMKFILEED IR
g S BErscdEs4T*Efescial
_ . Ll eEREYeocER Y
¥ = CRES R - BT RR o8- SR S
s = . -
£ N o®wpe % Y {1 4
TRV 394 & A e &5
& [ER - S A RV & P ev  RuL
NI 2 oor 292 1 BE v EoK
7 § vV I S T, w CEE
SR ECEN
g Y 2 R > #v ¢ Aeg
v > | gy & R N
nnwm m N ,:nmm.v e wE PRI ] '
3 1] ¥ W E 5 MY v oM
) B - ocdEw B 3 om% Mo
oo ° S~ . .
CH PR B BEER T L
B B 2 o#8s el N 43 wsgp ZNS
S5 B g #xc wy g 20 %08 THE
2l & #82 TR o g6 PEF ofy
gy B OB ERE O OR® B ogx mufl SHEy
wsl g8 B omomEE = X 5 F<d £3¢
<=l £f B L R3F D E  pZ PEL S8%
ﬂu .2 | N .:_.EM S0 o2 R NP T%.n:
T BT ;W Xeg wE oo 3T gip 8.
® 2 ey RV _mu,y ot nw m.mk_.%, .nmb.&
Q ) N O_Jpﬁvov ;Zzﬂ ¢ [iagg o % B g .mlT.b
°oox Seek WS Ws prik¥e §RGE
OR H.o S ﬂmmumﬁ M\M_ Y] &ﬁw.m%.@ o:_%..m
g 125 2 YYEs 5! Ho @ixsny £ .FE
B &Y O paaN 0E E¥ o gaundas SGmy
BQ fhg ¥ SOmy B B ®osgRE soon
m b > = — 3 . Lo @ - i
& gc © wmw# Mo WY pEISNE. mwmm
& _m.ﬁ ¥ :%&W %m‘c,ﬁub‘ &Mﬁﬁ..u m,*ﬁl.
82 X L3785 nggin EERcE. S3%x
y.ﬁg N NENR TLOME CmuIZL Ghel
x IS8 B OKE R u:i«m (M<Cgd po¥l
2% ) vR#R Yo WTWWO{ pE g
TS E b 2 %ghE SOV Ewe men,mﬁm,
RKE * ESON Zrmgt YEOW O gpHd
X125 8 wvieg HooBik cdEods THEL
NN .9 R e m.;.bbﬁ LHBELY B ,m%mxt.
Y 2N K _,TMF ﬁ&?ﬂﬂ R ERUBY Muﬁﬁ..h
Sy mo8 Bdp oy EERSS Fgra@obrfimp
o B D gLl m%t?m OB FEe S OGN
g (C BY EAEH ESVELD SSESRESMIG
o XN e SEegi MR QM RTEW R
gqixle Time LEFENR wHeRLTHEgH O
S 7@@;& 7®wm,&.zﬁfm‘._ HE (el g O
N egEw YN /x.m. BNy d g8y
& MERS wOogBERGau )y RMEREDLKO0S
o0 [g5RE E3.R0rnils BESEESTELES
M)y [Esmk BRENSteuch EEREEIEERY
L A;Z..Z ‘NO u -~
Y b KoV &.V*M‘CNQ&O_.E &W@.ﬂ@ﬂt)b%?
TEIR IS [Ee Spagianaciaiiae ialil
- AN : PR - ;0 E N
KRR yt:ﬁ.mmmﬁ%wmﬁmmaﬁmwnﬁwmthm
# ARd Mgy S AEEST T eRC ikafus
; qx 0 HeseE TR BRI R s e AU C B ERY
e | Bl . oRrignas w287 QBT T a4 245
@ | | 5, _w.zmaw..W:._ﬁ,m._z(.mﬂLZ,mW.T%L.
D [eRS® F bensg T g ey " pa@O Rk
= | & ﬁﬁ:,.oA1%2;35&5mxz.*m.a:“CLu»ﬁzebaD.zmmE&
S T G0 P
CIRE FER®EC

1=

ﬁ

‘hjb.&uz“/_ I





