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Parvovirus PARV4 visualization and detection
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The parvovirus PARV4 is the most recenily described member of the family Parvoviridae ’Ehat has a
human host. To investigate the prevalence of PARV4 in blood, a quantitative TagMan PCR was
developed and plasma, sera or whole blood from a variety of population groups were examined.
Eight samples were positive for PARV4, one at high copy number. The high-titre-positive plasma
had an approximate viral load of 5x10° genome équivalents mi~?. Two human sera, identified as
PARV4 antibody-positive by indirect immunofluorescence, were used in immune electron

microscopy to try to visualize native PARV4 within the high-titre human plasma. PARV4 particles
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were observed using one of these two sera. To our knowledge, this is the first time that native
PARV4 has been visualized,

PARV4 is the most recently described member of the
family Parvoviridae that has a human host (Jones et al,
2005). It is currently a virus without any apparent disease
association (Fryer er al, 2007a). It was identified by a
random amplification of nucleic acids extracted from a
patient with acute virus infection who was co-infected with
hepatitis B virus (HBV) (Jones et al, 2005). Two further
genotypes of PARV4 have now been described (Fryer et al,,
2006; Simmonds et al, 2008). Very little is known about
PARV4 and its biology. It was initially described as ‘not
closely related to any known parvoviruses’ {Jones e al,
2005). However, further work has shown that PARVA4 is
most similar to the recently discovered bovine and porcine
HoKo viruses (Lau et gl,, 2008} and that it groups together
with these and also the more distantly related Myanmar
erythrovirus (Hijikata et al, 2001), another porcine virus.

The human parvovirus B19 can be present at very high
titres in the blood of infected individuals. Plasma and
whole-blood samples thought likely to harbour PARVY,
namely samples being tested for hepatitis B or C or from
human immunodeficiency virus (HIV}-positive patients,
were therefore examined. For comparison, samples from
UK blood donors were also tested. All samples analysed
were anonymized. The frequency of detection of PARV4.in
the UK blood-donor population is expected to be low,
based on limited data from previously reported surveys
(Fryer et al,, 2007b; Simmonds et al., 2007; Schneider et al,
2008), although large, formal studies have yet to be
performed.

Nucleic acid was extracted from plasma, serum or whole
blood, either manually using Qiagen blood kit spin
columns or on a Qiagen BioRobot. A quantitative
TagMan PCR {Q-PCR} was designed with the aid of

- Beacon Designer 3 software {Premier Biosoft Internationai)

and optimized for open reading frame {ORF) 2 of PARV4.
The Q-PCR was performed on an ABI 7500 platform
{Applied Biosystems), using ABgene reagents, and was
shown to have linearity of detection over the range 10'-10°
copies ml ™", with a limit of sensitivity of 50 copies ml™',
An oligonucleotide positive control of the target sequence
was synthesized (Eurofins MWG Operon), but was
subsequently replaced by a biclogical standard: a high-
titre-positive plasmna, once on¢ had been identified. Murine
cytomegalovirus was used as an internal extraction and
amplification control. Samples tested and results aré shown
in Table 1. Q-PCR conditions were 95 °C for 15 min
followed by 45 cycles of 95 °C for 15 s, 60 °C for 60 s. The
TagMan primers used were PWTPARV4.1F (5'-
CCTCTCCGAGTCCATTAGCAGA-3'; 1937-1958) and
PWTPARV4.1R (5'-GCTCCATACCTTTCAGCAGTTIC-
3'; 2069-2047). The TagMan probe was PWTPARV4-
probe (5'-FAM-CGCCGCCGAGGACACCAGACAGT-TAM-
3'; 1961-1983). Sequences are numbered according to
GenBank accession no. AY622943.

In total, PARV4 DNA was detected in eight samples.

Quantification of PARV4 in samples was initially carried
out against a logq dilution series of the oligonucleotide
positive control and subsequently against a high-titre-
positive control PARV4 plasma (designated plasma 129).
This plasma had a viral load of 5x 10® DNA copies ml™*
and was from a hepatitis C virus (HCV) RNA-positive,
HCV antibody-negative patient. Viral loads of all eight
positive sarmples are shown in Table 2. The four samples
that had a viral load =760 copies ml™' were amplified
successfully for sequencing, but those with viral loads of
< 285 failed to amplify. Three samples {129, 135 and 342)
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Tabte 1. Samples tested for PARV4 by Q-PCR

Abbreviations: HBV, hepalitis B virus; HCV, hepatitis C virus; HIV-1, human immunodeficiency virus type 1; IVDU, intravenous drug user.

Population group tested n No. (%) PARV4-positive by Q-PCR
HCV antibody-negative, RNA-positive blood donors (HCV window phase) 94 3(3.2)

Samples for routine HCV RNA testing 88 ‘ 2{23)

Samples for routine HBV DNA testing 140 2{1.4)

HIV-1 proviral DNA-positive IVDUs i 50 o*

Samples for routine HIV-1 RNA viral load testing 88 1 (Lnr

UK blood donors — 20 pooled DNA extracts from 96 donors - 0

*Qverall detection frequency of 1 in 138 (0.7 %) in HIV-1-positive sarmnples tested.

were amplified by using a semi-nested PCR to ORFZ,
initially with primers PARV4Seql (5'-CCGGAACC-
TTCAAGTCAAGCCA-3'; 2465-2486) and PARV4Seq2
(5'-CCGCTCAAGGTCTGGTTCAACAA-3"; 3010-2988),
followed by PARV4Seql and PARV4Seq3 (5'-CAAGG-
TGGACTCCGACATCTGG-3"; 2954-2933). The resulting
490 bp fragments fromn these three samples were then
sequenced with PARV4Seql and PARV4Seq3. All three
were typed as PARV4 genotype 1. Sample 168 was also
confirmed as PARV4 genotype 1 by sequencing with
primers PVORFIF and PVORFIR (Fryer et al, 2006).
Sequence similarity was determined by using the rasTa
program at http://www.ebiac.uk and searching the Viral
Database.

For electron microscopy, 300 pl high-titre plasma 129 was
centrifuged-at 48 000 g for 45 min. The resultant pellet was
resuspended in distilled water and stained with 1.5%
phosphotungstic acid (PTA), pH 6.6. Grids were examined
in a Philips 420 transmission electron microscope fitted
with an AMT XR60 digital imaging system. Parvovirus
particles were not seen. Small, round, featureless virus
particles, such as parvoviruses, however, can be extremely
difficult to detect, particularly amongst the background
debris of plasma or serum. lmmune electron microscopy
(IEM), a technique that has been employed successfully to
detect other small viruses, including parvovirus B19
{Cossart et al, 1975; Curry et al, 2006}, was used in a

Table 2. Viral loads of PARV4-positive samples

further attempt to visualize the native PARV4 particles.
Two serum samples containing antibody to PARV4 had
been identified in our laboratory on the basis of their

reactivity in an indirect immunofluorescence test {(R. P, .
Parry, unpublished data). These two antibody-positive sera

were each mixed with an aliquot of high-titre plasma 129,
incubated at room temperature for 1 h and centrifuged at
48000 g for 45 min. Pellets were resuspended in distilled
water and stained with 1.5% PTA or 2% methylamine
tungstate, pH 6.6, and examined as described above.
Parvovirus-like particles that had been aggregated into
clumps by one of the sera were seen (Fig. 1a). The particles
measured around 2022 nm in diameter and were
morphologically typical of parvoviruses. For comparison,
recombinant PARV4 capsids expressed in Sf9 cells by
baculovirus (PARV4 capsids provided by Dr Kevin E.
Brown, Health Protection Agency} can be seen in Fig. 1(b).
The recombinant capsids and the particles found in plasma
129 are similar in size and have the characteristic hexagonal
appearance of parvoviruses. Stain has penetrated into
several of the recombinant particles, as would be expected,
whereas the particles from plasma 129 appear complete.

Fig. 1. Electron micrographs of parvovirus particles. (a) IEM of
particles seen in plasma 129; antibody can be seen coating the
particles. Stained with methylamine tungstate. (b) Recombinant
viral capsids of PARV4, stained with PTA. Bars, 100 nm.

Sample Viral load (DNA copies mi™")
PARV4 HCV  HCV genotype HBV HIV

129 5 x 108 2.70 x 10° 2b

135 760 122 % 10° 3a

168 46x10°  1.05x10° 3a

AS ! 5.04 x 10°

C10 5 + ) +

342 3.4x10° + o+

490 170 +
| H10 285 +
542
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The antibody-aggregated clumps of particles observed in
plasma 129 resembled the appearance of B19 virus when
visualized by IEM. Plasma 129 and the two serum samples
containing antibody to PARV4, however, were negative by
PCR for B19 and human bocavirus, and it was conciuded
that the particles seen were PARV4.

Failure to detect virus particles with the second serum may
have been related to the titre of the reagents. The sera were
only tested at one dilution by immunofluorescence, but
results from a prototype ELISA suggested that this second
serwm had a lower antibody titre to PARV4. For IEM
purposes, the titre of PARV4 in plasma 129 was also low
and probably near the limits of sensitivity for IEM
detection. This may account for the fact that virus particles
from this sample were not seen with PTA staining, rather
than any difference between the stains.

PARV4 was detected at low frequency in samples from the
blood of patients infected with HIV-1, HCV and HBV. In a
study of the three human parvoviruses, B13, bocavirus and
PARV4, in HIV-1-infected and non-infected individuals,
Manning et al. (2007) established that a high proportion
{70.8 %) of HIV-1-infected individuals harbour PARV4 in
lymphoid and bone-marrow tissues, but none had viraemia.
It is interesting to note that seven of the eight individuals in
whom PARV4 was detected in the plasma were co-infected
with hepatitis viruses (Table 1). The original discovery of
. PARV4 was in an intravenous drug user (IVDU) from the
USA. The 94 HCV window-phase plasma samples analysed
in our study for PARV4 were USA-sourced plasmas and the
donors may have been remunerated financially. PARV4 was
not detected in any of the UK blood donors tested.

These data contrast with those of a recent study in Thailand,
which revealed PARV4 in sera both from IVDUs {8 %) and
in blood donors (4 %) {Lurcharchaiwong et al, 2008). Both
of these figures are higher than those reported previously
from the UK and elsewhere. It is again of interest lhat the
majority of the PARV4-positive IVDUs in the Thai study,
seven of eight (87.5 %), were HCV-co-infected; this may of
course simply be coincidental, as the proportion of HCV
positives within this group of IVDUs was very high (88.6 %).
The determination of the prevalence of past infection with
PARVZ in these different populations awaits the resuits of
serological studies, Whether co-infection is a reflection of
the natural history of the virus infection, a commonality of
transmission routes or a consequence of underlying disease
also awaits further elucidation,

The high viral load found in sample 129 (5% 10° DNA
copies ml~') suggests that this patient was experiencing
active virus replication and may represent primary
infection. The only other known high-level samples were
from the original patient, which contained 6 log,, copies
mi™! (E. Delwart, personal communication), and from
archived plasma pools with 6.58 log;o copies mi~ ! (Fryer
et al., 2007h). It is not known whether the lower viral loads
found in this (Table 2) and other studies represent virus
replication, waning virus levels as antibody develops or a

chronic virus carrier state. Fluctuating low levels of B19
DNA were observed in the plasma of 7.9 % of patients with
congenital baemoglobinopathy. It has been postulated that
this may be due to minor reactivation from sites of virus
persistence (Lefrére et al, 2005), which may also explain
the 1% of pregnant women (Lefrére et al, 2005} and blood
donors (Candotti et al., 2004) who are B19 DNA-paositive.
A similar phenomenon may be occurring with PARV4.
Further development of antibody assays and follow-up
studies on : PARV4-positive patients are required to
investigate these hypotheses.

The high level of sequence conservation observed within
the samples that tested positive for PARV4 s consistent
with the findings of other groups. This argues for a recent
evolutionary origin or a high conservation pressure.
Manning et al. (2007) observed an apparent temporal shift
in PARV4 genotypes, with genotype 1 representing the
current ‘modern’ infection and genotype 2 the older strain.
Study subjects positive for genotype 1 were all born after
1958 and those infected with genotype 2 were born
between 1949 and 1956. A similar situation has recently
been described for EB19 variants, with genotype 1
superseding genotype 2 in the skin {Norja er al, 2006).
Demographic information on the patients and donors in
our study was not available, as all samples were obtained in
a random, anonymized manner.

The three genotypes of PARV4 now identified (Simmonds
et al, 2008) have nat yet been related to any disease.
However, 8 years elapsed between the discovery of B19 and
its association with fifth disease (erythema inlectiosum)
{Anderson ef al, 1983). Our findings and those of others
suggest that a parenteral transmission route is likely. It
remains to be seen where PARV4 replicates and whether
there are any disease associations.
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Materials: Test results of 2l blood samples from 929 RR blood donors
recarded during the 2006-2009 peslod obtained at CITM by testing a totat
of 313,564 blood units were analyzed. .

Results: Tn 929 RR donors, HCV predominated {51%) due to the use of
combined anti HCV/HCV Ag-Ab test, followed by HIV (18.9%) and a
comparable proportion of HBsAg and antl TP RR donors {14.4% and 15.80%,

respectively). The HBsAg test ylelded the highest rate of confirmed reac-.

tivity {42%), followed by syphilis-ELA {22.4%) 2nd the towest rate for HCY
and HIV (4.4% and 1.1%, respectively). Table t summarizes the results of
al{ RR donors anzlyzed dutlng the study period, showing that 742 {79.9%)
RR donors met the requirements for subsequent blood donation, In Table 2,
next donatlons by these 742 donors are classified as follows: 475 {64%)
presented for donation, 246 {51.8%)} of them were seronegative and 229
{48.2%) showed repeat reactivity. Repeat reactivity was later recorded in 4
of 246 donors having continued with blood donation.

Table 1

wos2009 __ | ey [ oy [ Jsven Jroat| %

. _RRDONGAS - ,.334.-F~4.73_ L 175 | 147 | 529 } 100.0
ermanently deferred
anfirmed posltive, 1 86 .21 ]2 33 ] M2 )20
ermanently deferred
nfimmedindetermined | 3 (28 f 2_{ 9 | 42 4 45}
emporarly deferredf [ [
Tofolowup | . 3_f_ 19 | 7 | 3 .[.33 ). 36 )
rea to donate/

onfirmed negative/iiageed |73 | 405_| 164 | 106 | 743 | 79.9
_Table2

s

. 20062008 ___ | HBY |HOv ! HIV { SYPH. | Total | %
resented for donation, 358 | 233 ) 122 | 62 | 475 | €40
extdonationsnegative [ 33 1113 | 65 [ 29 | 246 | 518

extdonations reactive | 25 |1104{ 57 | 33 | 229 | 482

Couciuslons: Testlng for blood transmissible Infections ylelded nonspe-
cific reactivity in the majority of 925 RR donors and repeat reactivity in
nearly half of subjects (HBV 43%, HCV 48%, HIV 46% and syphilis 5300].
None of RR donors developed infection (PCR negative) on follow up,
whereas biood unlt reactivity was recorded In 4 of 246 RR donors having
continued with blood donation. Thus, the use of PCR on thelr reincluslon in
the danor pool is justified. Further foliow up n 229 blood donors scheduled
for monitoring and additional testing resulted in permanent deferral in 108
and temporary deferral in 97 donors, whereas subsequent donation was
approved in 24 donors,

. P-0516

INFECTIVITY OF B19 DNA POSITIVE BLQOD PRODUCTS

Houfar MK', Mayr-Wahlfart U, Sireis W', Seilred E', Schrezenmeier H*,
Schmidt M' '

'German Red Cross, Institute Frankfurt, Frankfurt, Germany “Institute for
Clinical Transfusion Medicine and fmmunogenciics, German Red Cross,
Ulm, Germany

Background: Slnce 2000, blood*donor screening for B3 by NAT at the
Ulm Institete has becn corducted 6-8 weeks post donation, ie. after
transfusion of cellular blood products whereas at the Frankfurt Institute
all donations are screcned before releasing any blood product. In the
current study, we evaluated the infectivity of 819 poshtive bloed prod-
ucts In relation to the virus concentration in the transfuscd blood
companent. .
Study design: In a retrospective study, reciplents were classified into two
groups {A: transfused with blood products with Bi9 vlrus lead less than
10° IU/ml; B: transfused with blood products with B19 virus Joad >10% [U/
mi). Phylogenetic analyses were done for B19 DNA positive donor and
reciplent pairs in the varant YP-lu genome region. All samples were
Investigated for IgM.and IgG B19 antibodles.

© 2010 The Authars

Results; B19 DNA was detected in 9 out of {8 recipients of red blood cel]
concentrates from group B whereas none out of 16 recipients ffom group A
were B19 DNA positive (P = 0.016}, Phylogenetic analysis demonstrated
identical genome sequences betwecn donors and recipients.

Conclusfons: B19 transmission by cellular blood products correlates with
the virus cancentration as well as with the concentration of neutralizing
antibodies. As a consequence, biood donor screening for B19 by mini-paool
NAT should be implemented for all preducts in order to discard alf
donations with a high virus burden and to enable transfusion of Big
negative blood products for at-risk patients.

P.0517

WHO WORKSHOPS ON DEVELOPING NATIONAL SYSTEMS FOR
100% QUALITY-ASSURED SCREENING OF BLOOD DONATIONS
FOR TRANSFUSION-TRANSMISSIBLE INFECTIONS '
Aby Amin N, Dhingra N

World Health Qrganization, Geneva, Switzeriand

Background: The provision of safe blood and bleod products for trans-
fuslon or manufacturing use {nvolves 2 number of processes, fom the
selection of blood donors and the collection, processing and testing of
blood donations to its adminlstration to paticnts. There is a risk of error
in each process In this “transfusion chaln"which can have serlous
implications for fransfused patients. Thus, while blood transfugion can ba
life-saving, there are associated risks, particularly the transmissien of
bloodharne infections. It Is the responsibility of governments to assure a
safe and sufficlent supply of blood and blood products for all patients
requiring transfusion, However, in 2007, 41 countries are not able to
screcn all bload donations for one or more of the transfusion-transmis-
sible infections (TTTs) - including HIV, hepatitis B, hepatitis C and
syphilis.

Aim: The main aims of the WHO workshops are to: provide an apportunity
for the sharing of experience among countries on the challenges and
strategies in developing nation2l systems for quality-assured blood
screening; Identify needs and areas of concern in strengthening national

blood screcning programmes; develop country actlon plans for priority -
activitles for national blood screcning programmes, and make recom-

mendatlons te International organizations for supporting countries to mect
thelr needs in‘achieving 100% quality-assured screening of donated blved.
Methods: WHO Blood Transfusion Safety Programme had organized two
3-day workshop on "Developlng National Systems for 100% Quality-As-
sured Screening of Donated Blood for Transfuslon-Transmissible Infec-
tions”. The WHO document, “Recommendations on Screcning Donated
Blood for Transfusion-Transmisslble Infections™ were used as the basis of
the training workshop.

- Results: Sixty participants frem 25 countrles in the African, South-East

Asian and Western Pacific regions attended the workshops. These nep-
resent the countries that were not able to screen all donated bload for
major transfuslon-transmlissible infections or to pecform screcning within
a quality system. Invited participants from each-country will include the
national blood programme manager and a senlar laboratory manager in
the blood transfusion service (medicalfsclentific/technical]l who ls In-
volved ln setting up national systems for the quality-agsured screening
of denated hlood. The working methodology of the workshap will in-
tlude country presentations, group work and the development of country
plans.

Conclusions: The workshops were able to facilitate the sharing of expe-
rlence among countries on the chailenges and strategies in developing
national systems for quality-assured blood screening; identify varlations in
screening strategies, practices and areas of concern of the countries; pro-
vide opportunity for participants to develop country action plans for pri-
ority activities ta strengthen natianal-blood screcning programmes, and
strengthen the strategies and capacity of international organizations and
Institutians to respond to countries’ needs an policy and technical guidance
in supporting countries to meet their nceds in achieving 100% quality-
assured screening of denated blood.

Journal compliation © 2010 International Soclety of Blood Transfuslon Vor Sanguinis (2010) 99 {Suppl. 1), 1-516
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DISPATCHES

La Crosse Virus in
Aedes albopictus
Mosquitoes, Texas,
USA, 2009

Amy J. Lambert, Carot D. Blair, Mary D’Anton,
Winnann Ewing, Michelle Harborth,
Robyn Seiferth, Jeannie Xiang,
and Robert S. Lanciotti

We report the arthropod-borme pediatic encephalitic
agent La Crosse virus in Aedes albopicfus mosquitoes col-
tected in Dallas County, Texas, USA, in August 2005, The
presence of this virus in an invasive vector species within
a region that lies outside the virus's historically recognized
geographic range is of public heaith concern.

La Crosse virus (LACV) is the most common cause
of arthropod-borme, pediatric encephalitis in North
America. A member of the California serogroup within
the family Bunyaviridae and the genus Orthoburyavirus,
LACYV is enveloped and contains a negative-sense, tripar-
fite genome with segments designated small (S), medium
(M), and large (L). Cases of LACV-associated encephali-
tis, which can be fatal, occur within the geographic range
of ils principal veclor, Aedes friseriatus mosquitoes. This
native {ree-hole breeding mosquito is distribuied through-
out wooded regions cast of (he Rocky Mountains within
(hé¢ Uniied Staies. Historically, most LACV-associaled en-
cephalitis cases have occurred i upper niidweslemn states,
inclnding Wisconsin, Ilinois, Minnesota, Indiana, and
Ohio (Figure 1). In recent vears, LACV encephalifis aetiv-
ity has increased above endemic levels in regions of the
southeastern United States, ineluding West Virginia, North
Carolina, end Tennessee (Figure 1) (1). In addition, recent
cases of LACV encephalitis have been reported as far south
as Louisiana, Algbama, Georgia, and Flodda (Figure 1),
Ae. albopictus is an invasive mosquito species that
was first discovered in Houston, Texas, in 1985 (2); hav-
ing apparently arrived in the United States in a shipment
of used tires from Asia (3). An opportunisiic container-
breeder, its vector competence for many arthropod-borne
viruses (arboviruses), including LACV, and its catholic

Author affillations: Centers for Disease Control and Prevention,
Fort Collins, Colorado, USA (A.J. Lambert, R.S. Lanciolti); Colo-
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feeding habit have made the invasion of Ade. albopicius
mosquitoes disconcerting to researchers, who have warned
of the potential for an inereased incidence of vector-borne
diseases as a result (4,5). Since 1985, the geopraphic dis-
lribution of these mosguitoes has grown to include most
of the southeastern United States. The concurrent increase
in LACV encephalitis activity has led to speculaiion on -
ihe possible iransmission of LACV by Ae. albopictus
mosquitoes as an accessory mechanism to the historically
recognized lransmission by Ae. triserfafus mosquitoes
(6). LACV has been isolated from Ae. albopictus mosqui-
toes in Tennessee and North Carolina in 1999 and 2000,
respectively, during a period of greatly increased LACV
activity in those areas (6). However, the role of this spe-
cies in LACY lransmission remains unknowr.

We reporl the isolation of LACV from a pool of 3 Ae.
albopictus mosquitoes collected outside the known geo-
graphic range of the virus, in Dallas County, Texas, on
August 13, 2009 (Figure 1). This is one of only several
isolations of LACV within the state; the first isolate was
derived fromn a pool of Ae. infirmatus mosquitoes collected
in Houston in 1970 (7). Afler the identification of LACV in
the Dallas pool, an additional isolation of LACY was made
from a mixed pool of 29 Ae. albopictus and 2 Ae. triseria-
fus mosquitoes collected in Fort Bend County, Texas, in
QOctober 2009 (Figure 1). The Fort Bend County location
is relatively near the site of collection of the 1970 Texas

Figure f. Geographic distribution of La Crosse virus (LACV) in
accordance with the habitat range of Aedes friseriafus mosquitoes
in the United States as inferred from the California serogroup virus
neuroinvasive disease average annual incidence by county, 1985
2008. Incidence rates are shovm in shades of blue. Dallas County
and Fort Bend County locations of the 2009 LACV isolations from
poals containing Ae.albopictus and Ae. friserfalus mosquitoes are
indicated by green and red stars, respectively. Data.and figure
adapted jrom the Centers for Disease Control and Prevention
website (wenv.cdc.govilacitechiepi.html). '
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LACV-positive pool and the known geographic distribu-
tion of LACYV activity in southeasiemn Texas and Louisi-
ana (Figure 1). Taken {ogether, our resulls represent an
unprecedented number of LACV findings within the state
of Texas. ’

The Study

As part of onpoing arbovirus surveillance efforts, the
City of Dalias Vector Control Division collected 65 mos-
qnitoes in a gravid trap at the edge of a wooded area near
a residentiat district in Dallas County on August 13, 2006.
Upon their receipt at the Texas Stale Department of Health
Services, none of the mosquitoes was viable. The mosqui-
toes were sorted and identified by sex. Female mosquitoes
were grouped into 3 pools by species: pool no. ARG318,
consisting of 50 Culex quinguefasciatus mosquitoes, pool
no. ARG319, consisting of 3 de. albopictius mosquitoes; and
pool no. AR6320, consisting of 1 Ae. miseriarus mosquito.

Gerncrated pools were macerated in 1.5 i of bovine
albumin diluent arbovirus medium followed by 2 rounds
of centrifugation at 10,000 rpm for 5 min each. Between
each round of cenlrifugation, a rest period of 13 min
was used to facilitate pellet formation. After centrifuga-
tion, 50 LL of the resullant supernatant was injected onto -
BHK and Vero cells. These cells were incubated at 37°C
and examined for cytopathic effect (CPE) over the next
10 days. Al day 5 postinoculalion, Vero cells inoeulated
with the supernatant derived from pool no. AR6319 (Ae.
albopicrusy demonstrated marked CPE. This condition
represented a preliminary vins isolation-positive result.
No CPE was observed in the BHK cells. Infecled cells
were then subjected to immunofluorescent antibody as-
says with antibodies dirccted against variovs arboviruses,
followed by the use of fluorescein isothiocyanate—con-
jugated antimouse antibodies for detection, Iirom these
apalyses, the isolaie derived from pool no. ARE319 (de.
albopicties) was delermined to be a California serogroup
virus. Furthermore, pool no. 6318 (Cx. guinguefasciatys)
tested positive for West Nile virus, and peol no. 6320 (4e.
triseriatis) was ncgative for virus by the abovc described
methods.

La Crosse Virus in Mosquitoes, Texas

To furlher ideniify the Califomia serogroup virus iden-
tified in pool no. AR6319 (Ae. albopictus), the pool and the -
Vero cell-derived isolate were sent to the Centers for Dis-
ease Control and Prevention in Fort Collins, CO, USA, for
additional testing. TTpon receipt of the samples in Fort Col-
lins, a reverse transenption—PCR was performed to amplify
cDNAs from all 3 segments of the orthobunyavirus genome
by using the consensus oligonucleotide primers shown in
the Table and conditions and methods previously described
(8). Generated cDNAs were then subjected to nucleotide
sequencing fmd BLAST (www.nebinlm.nih pov/BLAST)
analyscs:; the results indicated that the pool and the isolate
wiere positive for LACV 8, M, and L segment RNAs.

Subsequently, a pool (ARR973) of 29 Ae. albopictus
ad 2 Ae. friseriarus mosquitoes collected in Fort Bend
County, Texas on October 3, 2009, was identified as positive
for LACV S, M, and L segment RNAs by usmg the samne
processing and characterization methods described above.
Afler these analyses, full-length 8, M, and L sepment ge-
nomic sequences (GenBank accession nos. GUS9T 164-9)
were generated for LACY RNAs extracted from LACV-
posilive pools and Vero cell isolates by using oligonucle-
otide primers specific for the previously published LACYV
prototype genome (human 1960, GenBank accession nos.
EF485030-2) and methods previously described (9).

Phylogenetic analyses of parlial LACV M segment se-
quences (Figure 2) indicale that the LACVs present in the
Texas 2009 pools are closely related to LACVs isolated
from Alabama, Georgia, and New York of (he previously
described lineage 2 (11) and genotype C {7) designations.
These findings suggest a likely soullieastern ancestry for
the Texab 2009 LACYV izolates.

Conclualons )

The presence of LACV in Ae. albopictus mosquitoes
in Dallas County, Texas, in late surmer 2009 represents
the possible expansion of the geographic range of an en-
demic pathogen within this invasive mosquilo species in
the United States. The subsequent occurrence of LACV in
Tort Bend County in October 2009 should be of concem
to public health praclitioners who have been alerted to the

Table. Orthobunyavifus consensus oligenucleotide primers used for amplification and sequencing of La Crosse virus partial 5, M, and

L segraent cONAs, Texas, 2003*

Approximate
Targeted genomic regions Name Primer sequence {5’ — 3) amplicon size, bp
3 segment nucleccapsid ORF Cal S forward GCAAATGGATTTGATCCTGATGCAG 210
Cal § reverse TTGTTCCTGTTTGCTGGAAAATGAT

M segment 5 terminus/glycoprotein ORF QOrthe M 5' tarminus AGTAGTGTACTACC 410

Ortho M ORF reverse TTRAARCADGCATGGAA
L segment 5 terminus/polymerase ORF Oithe L &' terminus AGTAGTGTACTCCTA 550

Ortho L ORF raverse AATTCYTCATCATCA

"Oligonusleolide pnmers designed against conserved regions of the orlkobunyavirus gerome. S segment primers arpear ina previcus publlcahon {5). Al
primess were =:>p: ied in singleplex reactions using metheds descrited previously {8} with altered primer 2nnealing condil |ons of 56°C for 1 min. S, smalf;

i, medium; L, large; GRF, open reading frame.
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Figure 2. Phylogeny of La Crosse virus (LACY)
medium (M) segment sequences of diverse
ofgins. According fo a limited availability of
full-length sequences in GenBank, 1,663 nt
of the M segment glycoprotein gene open-
reading frame are compared. Isolate source
and GenBank accession nos. appear after the
isolate designation for each taxon, Sequences
were aligned by ClustalV (10 and neighbor-
joining and maximum-parsimony trees were
generated by using 2,000 bootstrap replicates
with MEGA version 4 software (703, Highly
similar topolegies and confidence values were
derived by all methods and a neighbor-joining
tree is shown, Scale bar represents the number
of nuclectide substitutions per site, The 2009
Toxas (TX) isolates group with strong support
with lineage 2 viruses of the axtreme south and
New York (NY), which suggests a lixeiy southem
origin for LACV isolates. MN, Minnesota: Wi,
Wisconsin; Oc., Ochleratatus; MO, Missouri;
TN, Tennessee; As., Aedes, NC, North Carolina;
OH, Chio; WV, West Virginia; AL, Alabama; Ps.,
psarophara; GA, Georgia; CT, Connecticut,

Lireaga Il

presence of this pathogen near 2 major urban centers, Dal-

Ias and Houston. Of interest, San Angelo virus, which is
serologically related to LACYV, is known to occur in Texas
and has been shown to replicate in and be transovarially
{ransmitied by Ae. albopicius mosquitoes (12), although
this virus has no koown association with human disease,
Cocirculation enables possible reassortment of genomic
segments between LAGV and San Angelo virus, a phenont-
enon that has been, deseribed for viruses of the California
serogroup within Ae. albopictus mosquitocs (13) with un-
known public health outcomes.

Ms Lambert is 4 research microbiologist at the Centers for
Disease Contro and Prevention, Division of Vector-Bomme Infec-
tious Diseases, Fort Collins, Colorado. Her primary research in-
terests lie in the molecular characterization, detection, and evolu-
tion of viruses of the family Burvaviridae.
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West Nile Virus Activity — United States, 2009

West Nile virus (WNV) was frst detected in che Western
Hemisphere in 1999 in New York City and has since caused
seasonal epidemics of febrile illness and neurologic disease across
the United States, where it is now the leading cause of arboviral
encephalitis (7). 'This report updates a previous report (2) and
summarizes WIN'V activiry in the Unired States reported to
CDC in 2009. A total 0f 38 staces and the District of Columbia
{DC) reported 720 cases of WINV disease. Of these, 33 states
and DC teported 386 cases of WINV neuroinvasive disease, for
an incidence of 0.13 per 100,000 population. The five states
" with the highest incidence of WNV neuroinvasive disease were
Mississippi (1.05 per 100,000), South Dakora (0.74), Wyoming
{0.73), Colorado {0.72), and Nebraska {0.61). Neucoinvasive
disease incidence increased with increasing age, with the high-
est incidence among persons’ aged 270 years. A total of 33
WNV deaths were reported, 32 from neuroinvasive disease.
Caleulacing from the number of neuroinvasive disease cases
and projections from 1999 scrosurvey data, CDC estimared
that 54,000 persons were infected with WINV in 2009, of
whom 10,000 developed nonneuroinvasive WNV discase. The
continuing disease burden caused by WNV affirms the need for
ongoing surveillance, mosquito control, promotion of personal
protection from mosquito bites, and research into addirional
prevention strategies.

WNV isanationally notifiable disease. Data are reported ro
CDC through ArboNET, an Interner-based arbovirus surveil-
lance system managed by scace health departmenes and CDC
(2). Using standard case definitions,™ human WINV disease cases
are classified as WINV neuroinvasive disease {e.g., meningids,
encephalitis, or acute flaceid paralysis) or WINV nonncuro-
invasive disease {e.g., acute systemic febrile illness that often
includes headache, myalgia, or arthralgia). Nonneuroinvasive
disease reporting varies gready by judsdiction, depending on
disease awareness, health-care—secking behaviors, and tesdng
practices. Therefore, this report focuses on WNV neuroinvasive
disease cases, which are thought to be identified and reporced
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motc consistently because of the severity of the illness, In
addidon to human disease cases, ArthoNET captuzes data on
presumptively viremic bleod donors {PVDs), veterinary cases,
and WNYV infections in sentinel animals (most commonly
chickens), dead hirds, and mosquitaes, Noc all jurlsdicdons
conduct nonhuman surveillance.

Human Surveilfance

,During 2009, a total of 720 ecases of WNV diseass were
reported from 262 counties in 38 stawes and DC. Of those
720 cases, 386 (54%) were reported as WINV neuroinvasive
disease and 334 (46%) as nonneuroinvasive discase. A total of
116 PVDs, identified through routine screening of the blood
supply, also were reported. - Of these PVDs, 92 (79%) were
asymptomatic, 23 {20%) developed nonneurcinvasive disease,
and one (1%} subsequendy developed neuroinvasive discase.
PVDs who developed sympromatic disease wete included in
disease case counts.

The 386 reported cases of neuroinvasive disease represented a
rate 0f 0.13 per 100,000 population in the Unired States, based
on July 1, 2009 U.S. Census population estimates {Figure 1).
States reporting the most WNV neuroinvasive disease cases
were Texas with 93 (24% of U.S. cases) and California with
67 (17%). Washington, which reported only two neuroinvasive
discase cases in 2008, reported 26 (7%) cases in 2009. The five
states with the highest incidence were Mississippi (31 cases,
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FIGURE 1. Annual incidence® of cases of Wast Nlle virus neurginvasive diseaset —
ArboNET, United States, 1999-20095
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*Per 100,000 population, based on July 1 US. Census estimates for each year.
t Meningitis, encephalitis, or acute flaccid paralysis.
SN = 12,208 during 1992-2009; N = 386 in 2009
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1.05 cases per 100,000 residents), South Dakota {six
cases, 0.74), Wyoming (four cases, 0.73), Colorado
{36 cases, 0.72), and Nebraska {11 cases, 0.61)
{Figure 2). WINV neuroinvasive disease peaked in the
United States during mid-August, and 352 {(919) of
the 386 cases were reported during July~Seprember.
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This seasonality was consistent with trends observed
over the preceding 10 years {2).

Of the 386 ncuroinvasive discase cases, 226 {59%)
occurred in males. The ynedian age of patients was 60
years {range: 2-91 yeats), with increasing incidence
among persons in older age groups (Figure 3). Overall,
368 (95%) patients with neuroinvasive discase were
hospiralized, and 32 {8.3%) died {median age: 72
years; range: 19-89 years). A rowal of 229 {(59%)
neuroinvasive discase cases were classified as encepha-
Iitis, 117 (3096) as meningicis, and 40 {1095) as acure
flaccid paralysis; 27 (6894) of the 40 cases classified
as acute flacdd paralysis had coincident encephalitis
or meningitis.

Serologic surveys indieate thar for every case of
WNV neuroinvasive disease there are approximately
140 infections and approximately 20% of infected
persons develop nonneuroinvasive disease (3). Using
the 386 reported neuroinvasive disease cases, CDC
estimated that 54,000 infections and 10,000 cases
of WNV nonneuroinvasive disease occurred in the
United States in 2009. QOnly 334 nonneurcinvasive
discase cases were reported to ArboNET in 2009,
representing approximately 3% of the estimared
number, -
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Animal Surveillance

OFf 298 reported veterinary cases of WNV disease,
275 (92%) ocaurred in equines and 23 (8%6) occurred
in other species: squittels, 13; canines, eight; camelids,
one; and deer, one. The equine cases were reported from
168 counties in 36 states, with 72 (269%) reporred from
Washingron. The number of reported WNV-infected
equines peaked during the first week of September.

In 2009, a roral of 759 dead WINV-infected birds
were reported from 141 counties in 25 states and che
Disrrict of Columibia; California reported 515 (68%)
dead birds. Of the 141 counties reporting WNV-
infecred birds, 92 (65%) counties in 19 states reported
infected dead birds bur no human disease cases. The
number of reported WiNV-infecred birds peaked dur-
ing the first week of September. Corvids {e.g., crows,
jays, and magpies), which are targeted for surveillance
by most states, accounted for 534 (70%%) of the birds.
Since 1999, WINV infection has been reporced in 328
avian species, induding two species, MacGillivray's
warbler and tricolored blackbird, in which WNV was
identified for the first time during 2009.

Meosquito Surveillance

102009, a rotal of 6,646 mosquiro pools’ from 351
coundes in 40 states and DC were reported as testing
positive for WNV. Among the WINV-positve pools,
4,987 (75%0) had species of Cielex mosquiroes thought
to be the principal vectors of WNV (e.g., Culex pipiens,
Culex guinguefasciatus, Culex vestuans, Culex salinariis,
and Culex tarsalis). Unidentified or other species of
Culex mosquitoes made up 1,488 (22%) pools, and
non-Culex mosquito species (e.g., Aedes sp., Anophefes
sp., Coquillettiddia perturbans, Culiseta sp., Mansonin
atillans, Psoraphora columbiae, and Uranotacnia sap-
phirina) made up 171 (3%) pools. Dara from 2009
also indluded the first report of WNV infection it Aedes
epactius, which was collected in Texas. The number of
reported WNV-infected mosquiro pools peaked dur-
ing mid-August.

feported by

NP Lindsey, MS, JA Lelvman, AL Greiner, [E Staples,
MD, N Komar, ScD, E Zielinski-Gutierrez, DrPh,
RS Nusci, PhD, M Fischer, MD, Arboviral Diseases
Br, Div of Vector-Borne Diseases, National Center for
Fmerging and Zoonotic Infectious Diserses, CDC.

# A mample of mosquitoes (usually no more than 50) of the same species
and sex, collected within a defined sampling area and period.

FIGURE 2. Incidence® of cases (N = 386) of West Nile virus neuroinvasive disease!

-~ AtboNET, United States, 2009
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* Per 100,000 population, based on July 1, 2009 U.S. Census estimates.
t Meningitis, encephalitis, or acute flaccid paralysis.

FIGURE 3. Incidence* of cases (N = 386} of West Nile virus neurcinvasive

disease,! by age group — ArboNET, United States, 2009
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*Per 100,000 population, based on july 1, 2009 U.5, Census estimates.
 Meningitis, encephalitis, or acute flaccid paralysis.

Editorial Note

Since introduced into the United States in 1999,
WNV has become the leading cause of arhoviral
encephalitis in the country. However, in 2009, the
reported incidence of WNV neuroinvasive disease
in the United States was 0.13 pec 100,000 popula-
tion, the lowest recorded since 2001 (2). During
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2004-2007, WNV had appeared to reach a stable
incidence of approximarely 0.4 per 100,000, bur
incidence dropped to 0.2 per 100,000 in 2008 (2)
and continued to dedine in 2009. This trend might
be artributed o variation in populations of vectors
and vertebrate hosts, accumulation of immunity in
avian amplifying hosts, human bchavior (e.g., use of
repellents and protective clothing), community-level
interventons, repordng practices, or environmeneal
factors (e.g., temperature and raimfall) (£ 5).

In 2009, evidence of WNV human disease
again was detecred in all geographic regions of the
continenral United Staces. The highest incidence
of WINV neuroinvasive disease continued to occur
mainly in the west-central United Seates, likely
because of the high ecfficiency of Cx. tarsalis as a
WNV vector. Mississippi (31 cases, 1.05 cases per
100,000) continued to be among those states with
the highest incidence of WNV neutoinvasive disease.
Arizona, which had the second highest incidence of
WNV neuroinvasive disease in 2008 (62 cascs, 1.0 per
100,000), reported an 81% decrease in cases with 12
cases and an incidence of only 0.18 per 100,000 in
2009 (1}. After reporting ics first two neuroinvasive
disease cases in 2008, Washingron reported the
seventh highest state Incidence in 2009 (26 cases, 0.39
per 100,000). These findings illustrate the wide annual
variability and focality of WNV rransmission.
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The findings in this repore are subject to at least
wo limitations, First, ArtboNET is a passive surveil-
lance system thar depends on clinicians to consider
the diagnosis of an arboviral disease, obtain the
approptiate diagnostic test, and report any positive
results. Diagnosis and reporting likely are incomplete,
leading 10 underestimation of the true incidence of
disease. Second, arboviral surveillance programs, test-
ing capacity, and reporting can vary by county, state,
or region, affecting incidence estimates.

In the absence of an effective human vaccine,
prevention of WV disease depends on communicy-
Jevel mosquito control and promotion of personal
protective measuces. Such measures include use of
mosquito repellents, bartier protection {e.g., long-
skeeved shirts, long pants, and socks), avoiding
ourdoor exposure, or using personal protection from
dusk to dawn. Household measures, such as window
screens and coveting or draining peridomestic warter-
holding conrainers can further decrease the risk for
WNV exposure,

Additional information on prevendon of WNV
infecrion Is available from CDC at htip://www.cde.
govincidod/dvbidfwestnile/index hem. An overview of
current year WNV transmission aciivity is available ac
heep://diseasemaps. usgs.gov/wnv_us_human.htal.
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