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- QOutbreak Notice
Updated: Ebola Outbreak in the District of Bundibugyo, Uganda
This information is current as of today, January 24, 2008 at 20:11

Updated: January 08, 2008

The U.S. CDC and the Ministry of Health of Uganda have reported an Ebola hemorrhagic fever outbreak in

the Bundibugyo district located in the Western part of the country. The outbreak may have begun as early as
August 2007. As of January 3, 2008, 148 people have become ill and 37 people have died. Genetic analysis

of samples from case-patients indicated that this is a new virus strain distinct from the four known strains of
Ebola virus. However, further studies will be needed before this can be verified.

Ebola hemorrhagic fever is a rare, serious viral disease which develops suddenly, with common symptoms
of fever, headache, joint and muscle aches, sore throat, and weakness. Diarrhea, vomiting, and stomach pain
start after the first symptoms. A skin rash may develop. By the third or fourth day of illness some people
with Ebola hemorrhagic fever may develop internal and external bleeding, shock and organ failure.

Ebola is spread through direct contact with blood or other body fluids (e.g., saliva, urine) of infected
persons or objects that have been contaminated with infected body fluids. People who have close contact
with a nonhuman primate infected with the virus are also at risk.

Recommendations for U.S. Travelers

The World Health Organization (WHO) has reported that there is no need for any travel restrictions to
Uganda. Generally, the risk of contracting Ebola virus is low for travelers. CDC recommends that anyone
traveling to Uganda take the following steps to prevent Ebola virus infection:

o Avoid contact with Ebola patients and their body fluids.
¢ Avoid touching used needles or other medical waste.
¢ Avoid contact with wild animals and bushmeat, including primates.

More Information

For information about the current situation, see the WHO report at www.who.int.

For additional information on Ebola hemorrhagic fever, please see

http.//www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/ebola.htm.

To learn more about traveling to areas with hemorrhagic fevers, see the Viral Hemorrhagic Fevers section
of CDC Health Information for International Travel 2008.

Page Located on the Web at http://wwwn.cdc.gov/travel/contentEbolaUganda.aspx

DEPARTMENT OF HEALTH AND HUMAN SERVICES
CENTERS FOR DISEASE CONTROL AND PREVENTION
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A Single Mutation in Chlkungunya Virus
Affects Vector Specificity and Epidemic Potential

Konstantin A. Tsetsarkin, Dana L. Vanlandingham, Charles E. McGee, Stephen Higgs"

Department of Pathology, University of Texas Medical Branch, Galveston, Texas, United States of America

Chlkungunya virus (CHIKV) is an emerging arbovirus associated with several recent Iarge-scale epldemlcs. The 2005-
2006 epidemic on Reunion island that resulted in approximately 266,000 human cases was associated wnth a stram of
CHIKV with a mutation in the envelope protein gene (E1-A226V). To test the. hypothesis that' this : i
epidemic CHIKV (strain LR2006 OPY1) might influence fitness for dlfferent vector: species, .
dissemination, and transmission of CHIKV were compared in Aedes albopictus; the speaes iﬁlplicated in thi
and the recognized vector Ae. gegypti. Using viral infectious clones of the Reunic aln and a Wes!
CHIKV, into which either the E1-226 A or V mutation was engineered, we deémonstrated that th .
was directly responsible for a significant increase in CHIKV infectivity for Ae. albopictus, and o more efﬁ ent viral
dissemination into mosquito secondary organs and transmission to suckling-mice. This’ mutation caused a marginal
decrease in CHIKV Ae. aegypti midgut infectivity, had no effect on viral dissemination, and was associated with-a slight
increase in transmission by Ae. aegypti to suckling mice in competition. experlments. The effect ‘of the E1-A226V
mutation on cholesterol dependence of CHIKV was also analyzed, revealmg an- association between cholesterol
dependence and increased fitness of CHIKV in Ae. albopictus. Our observation that a single amino acid substitution can
influence vector specificity provides a plausible explanation of how this mutant virus caused an epidemic in a region
lacking the typical vector. This has important implications with respect to how viruses may establish a transmission

cycle when introduced into a new area. Due to the widespread distribution of Ae. albopictus, this mutation increases
the potential fo‘r’CHIKV to permanently extend its range into Europe and the Americas. .

Citation: Tsetsarkin KA, Vanlandingham DL, McGee CE, Higgs S (2007) A single mutation in Chikungunya virus affects vector spectﬁclty and epidefﬁit potehtial PLoS Pathog

3(12): €201. doi:10.1371/journal ppat.0030201

Introduction

The large-scale epidemic of the mosquito-transmitted
alphavirus, Chikungunya virus (CHIKV), began in Kenya in
2004 and spread to several Indian Ocean islands including the
Comoros, Mauritius, the Seychelles, Madagascar, Mayotte and
Reunion. On Reunion island alone there were approximately
266,000 cases (34% of the total island population) [1-6]. In
the continuing Indian epidemic there have been at least 1.4M
cases reported [7-10] with continued expansion in Sri Lanka
and Indonesia: CHIKV had not been reported to cause
fatalities in prior outbreaks; however, during the outbreak on
Reunion island, CHIKV was associated with at least 260
deaths [11,12]. The strain of CHIKV responsible for the
Indian Ocean island epidemic has been well-characterized in
cell culture and mosquito models [13-15]; however, the
underlying genetic basis of the atypical phenotype of this
CHIKV strain remains unknown.

CHIKYV is transmitted by Aedes species mosquitoes, primar-
ily Ae. aegypti. However, the 2005-2006 CHIKV epidemic on
Reunion island was unusual because the vector responsible
for transmission between humans was apparently the Asian
tiger mosquito, Ae. albopictus [3,16]. This conclusion is based
on several factors. This species is known to be susceptible to
CHIKV infection and although infectious virus was not
isolated from Ae albopictus during the epidemic, CHIKV
RNA was detected (X. de Lamballerie, personal communica-
tion). Furthermore, the species is anthropophylic, was
abundant during the epidemic, and other potential vectors
specifically Ae aegypti were relatively scarce with a very limited
distribution (P. Reiter, personal communication). Ae albopic-

@ PLoS Pathogens | www.plospathogens.org

i

tus is abundant and widely distribiited' in irban areas’of |

Europe and the Umted States of Amenca [1729%). CHIKV‘ o

could be introduced and béecome cstabllsh :d’m these dreas
[1,27,28]. In August and Septembér 6f 2007, a CHIKV-As.
albopictus transmission cycle was reported for the first time in’
Europe, with an estimated 254 human cases décurrihg in ltaly
[29,30]. ‘

Alphaviruses are -enveloped single stranded positive sense
RNA viruses. Genomic RNA, of =~ 12,000 nt, encodes four
non-structural (ns1-4) and three main structural proteins
(capsid, E2 and El). At neutral pH E2 and El exist as
heterodimers in which E2 forms spikes on the virion surface
that interact with cellular receptors. The El protein lies
below E2 and mediates fusion of the viral and cellular
membranes during viral entry (31].

Analysis of CHIKV genome microevolution during the
2005-2006, Indian Ocean epidemic identified an alanine to
valine mutation at position 226 in the El envelope glyco-
protein (EI-A226V) among viral isolates obtained during the
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outbreak"t32]. The reason for: this was unclear but it was -

hypothesized that the E1:A226V mutation might influence
infectivity of CHIKV for mosquito vectors [11,32]. Interest-
ingly, earlier studies have identified that a P—S mutation in
the same position of the El glycoprotein is responsible for the
modulation of Semliki Forest virus's (SFV, a member of the
alphavirus family) requirements for cholesterol in the target
membrane [33]. It also has been shown that the presence of
this mutation results in more efficient growth of SFV in Ae.
albopictus mosquitoes [34). However, no evidence has been
presented to directly correlate the release. from the choles-
terol dependence, associated with the E1-P226S mutation-in
SFV, with a growth advantage in Ae. albopictus. It is unknown if
dependence on cholesterol for growth in mosquito cells is a
requirement of all alphaviruses.

To test the hypothesis that the E1-A226V mutation: might
influence the fitness of CHIKV in mosquito vectors, we
compared the effect of this mutation on CHIKV mosquito
infectivity, the ability to disseminate into heads and salivary

glands, and the relative fitness in competition assays for -

transmission by Ae. albopictus and Ae. aegypti to suckling mice.
We also analyzed the effect of the E1-A226V mutation on
CHIKV cholesterol dependence for growth in mosquito C6/36
(Ae. albopictus) cells. Here we report findings that a single
nucleotide change, which arose during the epidemic, signifi-
cantly increases fitness of the virus for Ae albopictus
mosquitoes and was associated with CHIKV dependerice on
cholesterol in the mosquito cell membrane. This change likely
enhanced CHIKV transmission by an atypical vector and
contributed to the maintenance and scale of the epidemic.

Results

Effect of E1 A226V Mutation on Fitness of CHIKV in Ae.
albopictus Mosquitoes
To test the hypothésis that the E1-A226V mutation altered
CHIKV infectivity for Ae. albopictus mosquitoes, CHIKV
" infectious clones derived from an epidemic Reunion island

-@ PLoS Pathogens | www.plospathogens.org

¢ 226V) expressing enhanced green fluorescent:
" Clones were further engineered to express’ EI protem

- 226V virus (p<0.01) to an extent similar to that observet:l f‘or

1896

Chikungunya Mutation Affects Vector Specificity
human isolate were used [15), including oﬁe cibne (Lli-éf‘l’-
otein- (eGFP)

containing an alanine at position E1-226 (LR-GFP-226A)

i reprcsenung .the "CHIRV gehotype’ prevalem prior; to: the,

outbreak gaining momentum (Figure S1). RNAs produced
from both clones (LRGFP -226V and LR-GFP-226A). have
comparable spec1ﬁc mfectmty values, produced similar viral
titers following transfection into BHEK-21 cells (Table S$1) and
have similar growth kinetics in mosquito (C6/36) and

- mammalian (BHK-21) cells lines (F igure S2A. and S2B).

The relative infectivity of LR-GFP-226V and LR-GFP-226A

viruses:was analyzed in female Ae. dlbopictus mosgquitoes orally .

exposed to serial 10-fold dilutions of CHIRV (LR-GFP-226 V
or A). To determine whether infection rates correlite with
blood meal titer, midguts dissected from mosquitoes at 7 days
post-infection. (dpi) were analyzed for foci of eGFP-express-

. ing cells by fluorescence microscopy (Figure 1A; Table 1). In
. two independent experiments, LR-GFP-226V virus was found

‘to be approximately 100-fold more infectious to Ae. albopictus
than LR-GFP-226A virus (p<0.01). To test if the irifectivity

" phenotype was directly linked to the mutation, dxe.com.ple

mentary reverse mutation, El-A226V was mtroduced int
infectious clone of a West African CHIKV strain, 37997
(37997-GFP-226A) (Figure S1). The Reumon a
strains of CHIKV are distantly related, with ¢
nucleotide sequence identity. The parental

and the 37997-GFP-226V viruses were mdxstmguxsha le in

cell culture experiments (Table S1;. Flgure $2C ~and.-S2DY;

however, in vivo experiments in. Ae albopictus’ moszqmtoer5”4

revealed that the E1-A226V mutation significantly decreases
the oral infectious dose 50 (OIDg) value for the 37997oGFP-

ERY £

LR-GFP-226V virus (Flgure 1B; Table: 1). - These: dat,a‘conv,;z
clusively. demonstrate that the single E1-A226V: point. .

mutation is therefore sufficient to significantly: reduge the

* OIDgy of the 37997-GFP virus (p<0.01) in. Ae alboptctux

mosquitoes equivalent to that observed for the LR-GFP-226V
virus (Figure 1A; Table 1).

To further evaluate viral fitness of the epidemic CHIKV E1-
A226V mutation in Ae. albopictus, viral' competition experi-
ments were performed. Although our CHIKV eGFP-express-
ing infectious clones, have similar infection properties in
mosquitoes as wild-type viruses {15,35], to address potential
concerns that eGFP expression might influence OIDg, values,
we constructed LR-226A and LR-Apal-226V viruses without
eGFP and employed them in viral competition experiments
(Figures 2A and S1). LR-Apal-226V was derived from
previously described CHIK-LR ic, by the introduction of a
silent marker mutation, A6454C, in order to add an Apal
restriction site into the coding sequence. It was shown that

" the Afi454C mutation does nat affect the specific infectivity

value (Table S1), the viral titer after RNA transfection into
BHK-21 cells value (Table S1), the viral growth kmetxcs in

- BHK-21 and C6/36 cells (Figure S3), infectivity for and viral

titers in Ae. asgypti and Ae. albopictus mosquitoes (T: able §2), or

viral fitness for growth in BHK-21 and C6/36 cells as

determined by competition assay (Flgure $4). These data

indicate that the introduced mutation is indeed silent and
does not affect the fitness of LR-Apal-226V.
_ For viral competition experiments LR-Apal-226V - virus

(107 plaque-forming units (pfu)) was mixed with an equal -
plaq g P
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Figure 1. Effect of E1-A226V Mutation on CHIKV-GFP Viruses Ae. albopictus and-Ae. aegypti Midgut Infectivity

Percent of orally infected Ae. albopictus (A, B) and Ae. aegypti (C, D) mosquitoes presented with blood meals containing various concentration of eGFP-
expressing CHIK viruses. Serial 10-fold dilutions of viruses in the backbone of Reunion {LR-GFP-226V and LR-GFP-226A) (A, C)-and 37997 (37997-GFP-
226A and 37997-GFP-226V) (B, D) strains of CHIKV were made in L-15 medium followed by mixing the samples with defibrinated sheep blood.
Mosquitoes were dissected at 7 dpi and-eGFP expréssion in infected midguts was analyzed by fluorescence microscopy. A mosquito was considered
infected if at least one foci of eGFP-expressing cells was present in the midgut. The experiments were performed twice for each virus {1 and 1)

doi:10.1371/journal.ppat.0030201.g001

amount of LR-226A virus. LR-Apal-226V and LR-226A
viruses are indistinguishable in cell culture experiments
(Figure $3). Mixtures. of LR-Apal-226V and LR-226A viruses
were orally presented to Ae. albopictus mosquitoes in a blood
meal, and midguts were examined at 7 dpi. The relative
amount of RNA .derived from LR-Apal-226V in the midgut
ceils increased 5.7+0.6 times as compared to. the initial
relative amount of LR-Apal-226V RNA in the blood meal
sample (Figure: 2B). These data support our observation that
the E1-A226V mutation enhances infectivity of CHIKV for Ae.
albopictus mosquitoes and furthermore demonstrate that the
mutation could provide an evolutionary advantage over El-
226A viruses in an atypical vector and may have perpetuated
the outbreak in a’ region where Ae albopictus was the
predominant anthropophilic mosquito speciés.

Ta determine if the enhanced midgut infectivity associated
with the E1-A226V mutation may result in more efficient viral
dissemination into secondary tissues, the kinetics of viral
dissemination by LR-GFP-226V and LR-GFP-226A into
salivary  glands, and competition between LR-Apal-226V
and LR-226A for ‘diSseminatjon into mosquito heads were
analyzed (Figure 3A and 3B). LR-GFP-226V virus dissemi-
nated more rapidly into Ae albopictus salivary glands at all
time points, with a significant difference at 7 dpi (p=0.044,
Fisher's exact test). Similarly, in three of four replicates of
competition experiments, RNA from LR-Apal-226V virus was

:@: PLoS Pathogens | www.plospathogéns.org
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dramatically more abundant in the heads of Ae.'albapictw
mosquitoes as compared to RNA from LR-226A (Figure 3B,
lines 1, 3, 4), although in one replica LR-Apal-226V RNA was
only slightly more abundant as compéred to the initial viral
RNA ratio (Figure 3B, line 2). This variability of the results
may be due to random pooling of mosquito heads. Thus,
replicate two may have included more heads negative for LR-

Table 1. Log,,01Dso/mi for CHIKV in Ae. albopictus Mosquitoes

Backbone Exp* Virus Mosquitoes Log,, p
Analyzed® OID;o+Clys® Value
CHIK Redinion” 1 ARGFP226V: {72 9817 e -+l 1 pLbion
. \RaGFP226A 101 542x029 N
CHIR 37997 701 37007:GEP-I26A V310 © 7 W L R30K0 0T pLoi
37997-GFP-226V 138 331+042
2 37997GFP226A 129 " 49020255 “p<001

37997-GFP-226V 136

O1D4, values and confidence intervals were calculated using PriProbit (version 1.63).
*Experiment number, )
“®Number of qui used to

“95% confidence intervals.

doi:10.1371/journal ppat.0030201.1001

L0g;00!1Dso/mi.
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Figure'2. Schematuc Representation of Competition Expenments (A) and Competmon between LR- Apal-226v and® LR-226A Vruses for Colomzatlon of

Midgut cells of Ae. albopictus {B)'and Ae. aegypti-(C) Mosuitoes

107 pfu of LR-Apal-226V arid LR-226A were mixed and orally presented to Ae. albopictus (B) and Ae. aegyptr (C) V'ral RANAs were extracted from four
pools of eight.to ten mldguts at 7 dpi. RT- PCR‘pnoducts were digested with Apal, separated in 2% agarose gel and gels were stained usmg ethnduum

bromidez.
BM - initial: ratm of LR
eight to.ten:midguts:per:

replica.

Relative-fitness:(RFy).of LR-Apa-226V to LR-226A was calculated as a ratlo between 226V and 22§A bands in the samp|e, dmded

between 226V-and: 226A.in- the blood meal.

Relative fitness (RF,) of LR-226A to LR-Apa-226V was ca|culated as a ratio between 226A and 226V bands in the sample, deed to the controi ratuo

between 226A and 226V in the blood meal.

Results expressed as the average of four replicas * standard deviation (SD).

doi:10.1371/joumal.ppat.0030201.9002

Apal-226V relative to heads positive for LR-226A. RNA.
Another possibility is that at some point during viral
dissemination from the midguts int6 mosquito heads, LR-
226A may replicate: more rapidly than LR-Apal-226V. To

further investigate this relationship, Ae. albopictus mosquitoes. .

were orally presented with either LR-Apal-226V or LR-226A
and whole mosquito body viral titers were compared at
_different time -points pi. Surprisingly, no significant differ-
ences between viral titers were found, with.the exception of 1
dpi, where the LR-Apal-226V  titer was 0.5 Logjo tissues
culture. infectious. dose 50: percent end point titer (Logjo
TCIDsg/mosquito) higher than of the LR-226A titer (Figure
4A) This may be due to mare efficient colonization of Ae
albopictus midguts by LR-Apal-226V. The absence of signifi-
cant differences in viral titers at later time points may be due

to variation in viral titers among individual mosquitoes.-

Competition between LR-Apal-226V. and LR-226A was
analyzed at different time points in order to investigate the
relationship between replication of LR-Apal-226V and LR-
226A viruses in Ae. albopictus mosquitoes (Figure 4B). As
expected, the viral RNA from LR-Apal-226V was predom-
inant at the early time points of 1 and 3 dpi. Interestingly,
between 3 and 5 dpi the viral RNA ratio shifted toward LR-

‘_-'@'_ PLoS Pathogens | www.plospathogens.org

226A ‘virus indicating that at these time points, LR-226A -
replicates' more efficiently in some mosquito- tissues (Figure
4B). This short period of time may have a slight effect onthe’

overall .outcome of competition for dissemination “into
salivary-glands because there is a reverse shift in the RNA
ratio between days 5 and 7 toward LR-Apal+226V virus, which
contifiues through 14 dpi. These data indicate' that the El-
A226V mutation not only increases midgut mfecuvu:y but
also is associated with more efficient viral dissemination from -
the midgut-into secondary organs, suggesting that the El--
A226V mutation would increase lransmlssmlhty of CHIKV by
Ae. albopictus mosquitoes.

.. A competition assay between LR-Apal-226V and LR-226A
viruses was-used to examine transmission by Ae. albopictus to

- suckling mice ‘to assess the potential for the E1-A226V
mutationi to influence virus transmission. Ae. albopictus
mosquitoes” were " orally presented with .a mixturé of LR-
Apal-226V and LR-226A viruses and at 14 dpi were allowed to
feed on suckling mice. Mice were sacrificed and bled .on day 8
following exposure and the presence of CHIKV RNA ‘in the

‘blood was analyzed by RT-PCR followed by restriction’

digestion with Apal (Figure 5B). Blood obtained from 100%
of experimental mice contained detectible amounts of viral
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Figure 3. Effect of E1-A226V. Mutation on CHIKV: Disseminatiqn' into Salivary Glands and Heads of Ae. albopictus and:Ae. aegypti Mosquitoes

Ae. albopictus (A)-and Ae. aegypti (C) mosquitces were orally infected with LR-GFP-226V and LR:GFP-226A. At the-indicated time~poinits; 16-21
mosquitoes were dissected and salivary glands were analyzed for eGFP expression. Percent of dissemination was estimated as a ratio of the niumber of
mosquitoes with eGFP-positive salivary glands to the number of mosquitoes with eGFP-positive midguts. ForAe. albopictus; infectious bicod:meéal titers -
were 5.95 and 6.52 LogysTCIDso/ml for LR-GFP-226V° and LR-GFP-226A, respectively. For Ae.- aegypti; the infectious blood: meal:titer was 6,95
Log:aTCIDso/ml for both LR-GFP-226V and LR-GFP-226A viruses. Dissemination rates were compared statistically by Fisher's-exact test using: SPSS -
version 11.5. Asterisk indicates p < 0.05. : s R e A R S

(8 and D) Coriipetition between LR-Apal:226V and 'LR-226A for dissemination into heads of Ae. albopictus and:Ae; aegypti-mosquitoes: 10
Apal-226V and LR-226A were mixed and orally presented to Ae. albopictus (B)-and Ae. aegypti (D). Viral RNAs were extracted fomi fou poolss
heads collected at 12 dpi. RT-PCR products were digested with Apal, separated in 2% agarose gel, and gels were stained using ethidium brofide. .-’

Efive: i

BM - initial ratio of LR-Apal-226V and LR-226A in blood meal samples. 1-4 ratio of LR-Apal-226V and LR-226A RNA in four independent replicas of the

five pooled heads per replica.
- doi:10.1371/joumal.ppat 0030201.9003

RNA, indicating that virus was transmitted by Ae. albopictus
mosquitoes to suckling mice. More importantly, in all six mice
analyzed, RNA derived from LR-Apal-226V was the predom-
inant viral RNA species, indicating that under the conditions
of competition for transrhission, the E1-A296V mutation
directly increases CHIKV transmission by Ae. albopictus
mosquitoes. Interestingly, in the control experiment in which
mice were subcutaneously inoculated with = 50 pfu of 1:1
mixture of LR-Apal-226V and LR-226A viruses, RNAs from
both viruses were readily detected and no difference. was
observed in the viral RNA ratio 3 dpi (Figure 5A) indicating

that at least in mice, E1-A226V is not associated with changes

in viral fitness.

Effect of E1 A226V Mutation on Fitness of CHIKV in
Ae. aegypti Mosquitoes o

Since the E1-A226V mutation confers a fitness advantage in
Ae. albopictus, it is unknown why this mutation had not been
observed previously. It is.possible that this change might have
a deleterious effect on viral fitness in the vertebrate host,
although our data of direct competition of LR-Apal-226V
and LR-226A viﬁmes in suckling mice (F igure 5A) and analysis
of CHIKV cellular tropism of four clinical isolates from
Reunion (which have eithier A or V at position E1-226) [14],

suggest that this is unlikely. An alternative hypothesis is that

@ PLoS Pathogens | www.plospathogens.org
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the E1-A226V mutation might compromise the fitriess of
CHIKV or have neutral fitness effects in the mosquito species
which served as a vector for CHIKV prior to its emergence on
Reunion island. Since Ae. aegypti has generally been regarded
as the main vector for CHIKV prior to the emergence on
Reunion island, we analyzed the effect of the E1-A226V
mutation on fitness of CHIKV in Ae. aegypti. '

In contrast to the results obtained in Ae. albopictus
mosquitoes, OIDyg, values of viruses containing the E1-226V
in the backbone of the Reunion and 37997 strains of CHIKV
were approximately 0.5 Log;oOIDse/ml higher than the OIDs,
values of E1-226A viruses in all experiments using Ae. aegypti.
These differences were statistically significant for one out of
twoe réplfcates for each virus pair (Figure 1C and 1D; Table 2).
A competition assay examining LR;APaI-226V and LR-226A
virus infection in Ae. asgypti midguts, demonstrated that LR-
226A virus out-competed LR-Apal-226V virus at 7 dpi in all
four replicates using ten midguts per replicate and that the
amount of LR-226A RNA increased on average 3.1 times as
compared to the initial blood meal RNA ratio (Figure 2C).
These data suggest that the E1-A226V mutation has a slight
negative effect on CHIKV infectivity of Ae. asgypti midguts.

The effect of the E1-A226V mutation on the ability of

" CHIKV to disseminate into Ae aggypti secondary organs was

also analyzed (Figure 3C and 3D). LR-GFP-226V and LR-GFP-
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Figure 4. Effect.of EI-A226V Mutationi on- CHIRV Kinetics of Viral Growth in Bodies of Ae. albopictus Mosquitoes

(A) Virus production in orally-infected: Ae: albopictus mosquitoes: Infected mosquitoes were sampledat 0, 1,2, 3,5, 7, and 14 dpi ‘and titrated on Vero
_ cells to:estimate average titer * standard deviation. of ¢ight wholé mosquitoes. Differences. in viral, titers were analyzed by pairwise t:tests. Asterisk

indicates. p:<' 0.05;

(B) Kinetics of- compebtién between. LR Apal-226V and. LR-226A in’ bodtes of Ae. albopictus mosquntoes. 107 pfu. of LR-
mixed.and orally presented to Ae. albopictus. Infected - mosquttqes were sampled at1,3,5,7, and 14 dpl For each.time poi

from two pools of ten MoSquItoss::
BM - initial ratio of LR-Apal-226V and LR- 226A in blood meal samples

RF - relative fitnéss of LR-Apa-226V. to.LR-226A was. cakulated: as a ratio between 226V and 226A bands.in the. sample, divi
between:226V:and-226A in the blood meal. Results: expressed as average of two replkas +:.standard, devuatvon. o

doi:10. 1371 /journaLppat.OOSOZOI .9004

9926A. viruses'both have similar kinetics of dissemination into
" salivary glands following oral infection using titers 1-2
Log;oTCIDso. higher than their OIDs, value in Ae. acgypti
(Figure SC) In a competition assay, both LR—ApaI-226V and

LR-226A viruses disseminated similarly into the heads of Ae.

aegypti: In two. of four replicas, there was a'slight increase in
the relauve amount of LR- 226A RNA (Figure 3D, lines 1, 4);
whereas the other two rephcas showed a decrease in  LR-226A
RNA (Figure 2D, lines 2, 3), relanve to the initial ratio of the

RNA of LR-Apal-226V and -LR-226A viruses in the blood'
meal. A compeuuon of LR-Apal-226V and LR-226A v1ruscs'

for transmission by Ae. aegypti to suckling mice was “also

analyzed (Flgure 5C). In contrast to transmlsslon by Ae.'

albopictus mosquxtocs, five out of six mice fed upon by Ae.
aegypti contamed comparable amounts of RNA derived, from
both viruses and only one out of six mice contamed RNA
derived cxdlmvcly fram. LR- Apa[—226V. :

- E1-A226V ‘Mutation Modulates Cholesterol Dependence
of CHIKV

It has been prev:ously shown that a P—$ mutation in ‘the
same El 226 position of SFV releases cholesterol depcndenCe

of the virus in C6/36 cells {33] and results in significantly more -
rapid growth of SFV in Ae. -albopictus mosquitoes: after’

intrathoracic inoculation [34]. To determine if a requirement

for cholestérol in the cell mémbrane is important for CHIKV,’

we analyzed cholesterol dependence of CHIKV E1-226A and

@ PLoS Pa_thogens' | www.plospathogens.org

E1-226V viruses (Flgure 6). Growth. cu
226V viruses in the background of India

. African strains of CHIKV were almost md:sungunshable when‘ -
supplic -

grown in C6/36. cells mamtamed in L-15s

standard 10% FBS (Figure 6A). However, ‘wheén were'f '
depleted of cholésterol, LR-226A" and 37997—-226‘ \ vnruses':‘“'
replxcated slgmﬁcantly more rapidly thah LR—226V and

37997-226V viruses, reaching 3 LogoTCIDsgml hlgher titer

‘at 1, 2 and 3 dpi- (Figure 6B). These ‘data indicate that

adaptation of CHIKV to Ae. albopictus mosquxtocs coincides
with CHIKV dependence on, cholesterol m the target cell
membrane,

Discussion

The CHIKV outbreak in Reunion is unique because it is the
first well-documented report of an alphavirus outbreak for

“-which Ae. albopictus was the main vector. Interestingly, this was

also the first Chikungunya epidemic during ‘which " fatal

infections were reported. OQur data clearly indicate ‘that an
" E1-A226V mutation in CHIKV results in mcreasad fitness of

CHIKV in' Ae ‘albopictus mosquitoes with réspect to  midgut
mfectmty, dissémination to the salivary glands, and trans-

mission to a vertebrate species. These data demonstrate thata'
- ‘singlée E1-A226V' mutation is sufficient to :dramatically

increase the ability of different strains of CHIKV to infect

Ae. albopictus mosquitoes and that this substitution requires no.
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Figure 5. Effect of £E1-A226V Mutation on CHIKV Transmission by Ae. afbopictus and Ae. aegypti Mosquitoes
(A) Six 2- to 3-day-old suckling mice (Swiss Webster) were subcutaneously infected with a 20-pl mixture of =~ 25 pfu LR-Apa-226V and = 25 pfu of LR-

226A viruses.

(B-and C) Ae. aegypti and Ae. albopictus mosquitoes were presented with a blood meal containing 107 pfu/mi of LR- Apa-226V and 107 pfu/ml of LR-226A

presented with a 2- to 3-day-old suckling mouse (Swiss Webster).

Mice were returned to their cage and sacrificed on day 3 post-exposure. Blood from each individual mouse (= 50 i) s was Colledt

mixed with 450 ul of TRIzol reagent for RNA extraction.

- viruses. At 13 dpi, ten to 15 mosquitoes were placed in separate paper cartons and starved for 24 h. The next day; the mosqurtoes in each carton were

BM and inoc. - initial ratio of LR- Apal-226V and LR-226A in blood meal samples and inoculum for subcutaneous: mfectuon 1—6 ratlo of LR-Apa 226Vand N

LR-226A RNA in six individual mice.
doi:10.1371/journal.ppat.0030201.9005

additional adaptive mutations to gain intermolecular com-
patibility. These complimentary experimental data demon-
strate that a single mutation is sufficient to modify viral
infectivity for a specific vector species and as a consequence,
can fuel an epidemic in a region that lacks the typical vector.
These observations provide the basis for an explanation of
the observed rapid shift among CHIKV genotypes to viruses
containing the E1-A226V mutation during the Reunion
outbreak [32].

Interestingly, our data and data from previous studies
[36,37] indicate that prior to acquiring the E1-A226V
mutation, CHIKV is capable of producing high enough
viremia in humans to efficiently infect Ae. albopictus mosqui-
toes. One explanation of the evolutionary force which
allowed CHIKV to be selected so rapidly into a CHIKV strain
which is adapted to Ae albopictus, is that the increased
infectivity lower OIDj5g) of CHIKV E1-A226V mutants for Ae.
elbopictus means that the human viremic thresholds required
for Ae. albopictus infection would likely occur earlier and be
sustained for longer. Several recent studies indicate that
during the course of human viremia, which last up to 6 days,
CHIKYV loads can reach up to 3.3x10° RNA copies per ml of
the blood [38,39], which corresponds to 6-7 Log;oTCIDso/ml
[39]). Earlier studies that utilized a suckling' mouse brain
titration protocol, which is more sensitive than titration on
Vero cells, also found that human viremia often exceeded 6
Log10SMICLD0/0.02 ml [40]. Based on viremia studies in
rhesus monkeys. that can develop up to 7.5 Log/ml if assayed
by suckling mice brain t’itration {41] and a maximum viremia

@ PLoS Pathogens | www.plospathogens.org

Log1oTCIDse/ml. From these data wef._ alculate . tha\; the'j o

maximum virus: load which can be achieved in human ‘blood =~ -
is 1-2 Log1oTCIDso/m! higher than the Log;501Dsofml for E1-
226A viruses but 3-4 Log;oTCIDse/ml higher than the
Log;00IDse/ml for E1-226V viruses. During the course of
viremia there should therefore be a substantial time frame in
which CHIKV: blood load is high enough for E1-226V viruses
to infect Ae. albopictus but below the: threshold for infection

Table 2. Log30IDse/mi for CHIKV in Ae. aegypti Mosquitoes

Backbone Exp® Virus ‘Mosquitoes Logio p

Analyzed” OlID5*Clys° Value

"CHIK Reunion™ 1%

CHIK 37997 117 =5}

OIDs, values and confidence intervals were calculated using PriProbit fversion 1.63).
*Experiment number.

"®Number of mosq used 10
“95% confidence intervals,
doi:10.1371/journal ppat.0030201.1002

LogieOIDse/miL’
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Figure 6. Effect of E1-A226V Mutation oq /n Vitro Growth of CHIKV in
standard’ (A) and Cholesterol-Depleted (B} C6/36 Cells

Cholesterol-depleted C6/36 cells were produced by five passages inL-15 .

medium containing 10% FBS treated with 2% CAB-O-Sil for 12 h at-room
temperature as previously described [52). Confluent monolayers of
standard (A) and cholesterol-depléted (B) C6/36 cells were infected with
LR-Apal-226V, LR-226A, 37997-226A and 37997-226V viruses at an MO!
of 1.0 (A):and. an MOL'of:0:1 (B): Cells weérewashed three times with L-15
medium, and: 5.5.mJ of fresh (1S supplied:with 10% of standard or CAB-
O-Si-treated FBS were added to the flask. Cells were maintained at 28 °C.
At the indicited tiimés post-inféction; 0.5 ml of mediim was:removed
and stored. at.—80.°C for :later:titration on- Vero-cells. Viral titers are.
estimated. as average.-Log,oTCiDso/ml + standard deviation of two
independent experiments. R

hpi - hours post-infection.

doi:10. 1371/joumaLppat.0030201 .g006..,

with E1-226A viruses. Thls mcreased opportunity . for Ae
. ‘albopictus infection, ; would . perpetuate the selection and
transmission of the mutant virus.

During transmission competition assays, only E1.226V
virus was. transmitted . to suckling: mice by Ae. albopictus,
although in these experiments, titers of E1-226V and E1-226A

viruses were of a high enough magnitude to allow both of

these viruses to. eﬂic,i'ently- infect this mosquitoes species. This
indicates that there are additional mechanisms that could
ensure evolutional success of the E1-A226V viruses_trans-
mitted by Ae. albopictus. It is possible that one of these
mechatiisms is associated with more efficient dissemination
of the E1-226V as compared with EI- 226A,yxmscs This could
shorten the extrinsicincubation period (EIP)——the time from
mosquito - infection to transmission—and could.have con-
tributed to the cVOlutlonary success of CHIKV during the
Reunion outbreak because vectors infected with the LR-226V
virus would transmit it more quickly than those infected with
LR-226A viruses. Additionally, with relatively short-lived
vectors such as mosquitoes [43], longer EIPs reduce trans-
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mission efficiency simply because fewer mosquitoes survive
long enough to transmit the virus.

Our current studies do not provide data to determine if
dissemination cefficiency of the E1-226V- viruses into the
salivary glands is a consequence of more efficient midgut
infectivity or if these two- phenomena are independent. In
this regard, it will be of particular interest to investigate the
effect of the E1-A226V mutition on CHIKV transmission by
orally or intrathoracically infected Ae. albopictus mosquitoes.

Although the CHIKV E1-A226V mutation gives a selective

advantage in Ae. albopictus, there was not a corresponding
advantage in Ae. aegypti. The OID;, and midgut competition
assay data indicate that E1-226V viruses were ‘slightly less
infectious for midgut cells of Ae. aggypti mosquitoes (Figures
1C, 1D, and 2C; Table 2). Additionally, in contrast to Ae
albopictus, E1-226V viruses do not have a detectable advantage
for dissemination into salivary glands and heads of Ae. aegypti.
In transmission competition experiments from Ae aegypti to
suckling mice, E1-226V conferred a slight competitive
advantage over E1-226A (Figure 5C). However, five out of
six-mice exposed to CHIKV infected Ae asgypti had equivalent
amounts of both E1-226A and E1-226V viral RNAs. These
results are markedly different compared to the results

obtained in similar experiments using Ae albopictus mosqui-

toes and further support the hypothesis that this E1-A226V
was specifically selected as a result of adaptation of CHIKV to
Ae. albopictus mosquitoes. To explain the small fitness
advantage assoclated with the E1-A226V mutation which
was. observed' in transmission experiments, we- hypothesize
that, similarly to Ae. albopictus, E1-226A and E1-226V viruses
colonize different Aé aegypti organs at different efﬁcncncxeS»
E1-226A appears to colonize midgut cells of Ae acgypti better
than E1-226V viruses; however, following dissemination into
salivary glands, the E1-226V virus gains an advantage for
transmission to vertebrates.

The E1-A226V mutation was found to have a slightly

negative effect on infectivity, a negligible effect on dissem-
ination, but a slight positive effect on transmissibility of .

CHIKV by Ae. aegypti in the competition experiment. We
suggest that these small (as compared with Ae albopictis)

differences associated with the E1-A226V mutation wpuld not’
be sufficient to have a significant effect on the evohition of
CHIKV transmitted by Ae. aggypti and would not result in’

accumulation of this mutation in the regions where Ae. asgypti
serves as a primary vector for CHIKV. This may explain the
lack of emergence of the E1-226V genotype in previous
outbreaks and the predominance of E1-226A viruses during
the 2006 CHIKV epidemic in India, in which Ae. aegypti is
considered to be the main vector species [44]. Adaptation of
African strains of CHIKV from forest dwelling mosquitoes
species to Ae. aegypti has never been shown to be associated
with any particular mutations, therefore we believe that the
same negative impact of E1-A226V would be seen in African

mosquito, vectors which were responsible for transmission of

CHIKYV strains ancestral to Reunion isolates.

Our data does not exclude the possibility that the El-
A226V mutation might have a negative effect on the
evolution of CHIKV transmitted by Ae. aegypti. Since our
dissemination and transmission studies were performed using

‘blood meal titers that wére 1-2 LogjsTCIDso/ml higher than
- Log100IDso/ml values we suggest that the negative effect of
decreased midgut infectivity of E1-A226V on virus trans-
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missibility” would be almost completely missed, simply
because, under this condition, almost 100% of mosquitoes
could become infected. In general, CHIKV requires signifi-
cantly higher blood meal titers for infection of Ae. asgypti
compared to Ae. albopictus [{36,37] (Tables 1 and 2), which
suggests that the slight decrease in midgut infectivity of E1-
226V viruses would have a more profound effect on the
evolution of CHIKV transmitted by Ae aegypti, compared to
the effect of a small advantage in the ability to compete with
E1-226A viruses for transmission to suckling mice. Therefore,
if the E1-A226V mutation occurred in CHIKV transmitted by
Ae. aegypti, it would have a weak negative effect on viral fitness
and would most likely not be preferentially selected. Addi-
tional experiments are required to evaluate this hypothesis.
Available data cannot exclude the possibility that E1-226A
viruses may have an unknown beneficial effect on the fitness
of CHIKV in vertebrate hosts over E1-226V viruses, and that
the minor negative effect of E1-226A observed in trans-
mission experiments by Ae. aggypti can be compensated for by
more efficient viral replication in the vertebrate host, leading
to an overall more efficient adaptation to the transmission

cycte. However, comparison of the different effectsof Aor V. -

residues at position E1-226 on CHIKV infectivity for, and
transmission by Ae. aggypti and Ae. albopictus mosquitoes clearly

suggests that polymorphisms at this position may determine .

the host range of the alphaviruses and may play an important
role in adaptation of the viruses to a particular mosquito
vector.

An interesting observation, which should be studied in
more detail, was that adaptation of CHIKV to Ae. albopictus
mosquitoes coincided with the acquisition of CHIKV depend-

ence on cholesterol in the target membrane. It has been

previously shown that various mutations in the same region
of the El protein of SFV and Sindbis virus can modulate the

cholesterol deperidence of these viruses [33,45] and that SFV -

independence from cholestero! coincides with more rapxd
growth of the virus in Ae. albopictus [34]. Although there is an
apparent association, it is currently unknown if cholesterol
dependence of alphaviruses is directly responsible for
modulation of fitness of alphaviruses in mosquito vectors. A
possible explanation for the opposite effects of the choles-
terol-dependent phenotype of SFV and CHIKV on fitness in
Ae. albopictus may reflect the use of different techniques for
mosquito infection. In our study, mosquitoes were orally
infected via cholesterol rich blood meals, whereas in the
previous study SFV was intrathoracically inoculated into the
mosquito [34]. It is also possible that cholesterol-dependent
and -independent viruses would replicate differently in
different mosquito organs. As such, our data indicate that
more efficient colonization of Ae. albopictus midgut cells by
cholesterol-dependent LR-Apal-226V is followed by relatively
more rapid growth -of cholesterol-independent LR —226A
virus in mosquito bodies between 3 and 5 dpi (Figure 4B).
Three to 5 dpi coincides with virus escape from the mosquito
midgut.

‘Alignment of amino acid sequences that constitute the i ij
loop of E1 protein from different members of the alphavi-
ruses genus revealed that position E1-226 is not conserved
(33} and data not shown) and can vary even between
different strains of the same virus. In this regard, it would
be reasonable to determine the cholesterol requirement of
other clinically important alphaviruses, especially Venezuelan
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equine encephalitis virus (VEEV) and eastern equine ence-
phalitis virus (EEEV), which show significant intra-strain
variation at position E1-226 among natural isolates of these
viruses, and determine mutations which can modulate their
cholesterol dependence. In recent studies by Kolokoltsov et
al. [46], it was suggested that VEEV, a New world alphavirus, -
might be cholesterol independent, although the use of Vero
cells instead of C6/36 cells, and the use of different protocols
for cell membrane cholesterol depletion, make it difficult to
compare the results of this study with our findings. Also it
would be of interest to determine possible relationships
between mutations which modulate cholesterol dependence
of alphaviruses other than CHIKV and on their infectivity for
Ae. aegypti and Ae. albopictus mosquitoes and perhaps other
epidémiologically important mosquito vectors.

The molecular mechanisms responsible for the association
between host range and cholesterol dependence of CHIKV
are unknown [47]. It has been proposed that upon exposure
to low pH, the E1 protein of cholesterol-dependent viruses
senses the target membrane lipid composition and goes
through a cholesterol-dependent priming recognition reac-
tion [48] which is not required for cholesterol-indépendént
viruses. It is possible that CHIKV infects Ae. aggypti and Ae.
albopictus midgut cells using different endocytic pathways,
which targets virus to cellular compartments with different
lipid contents in which fusion occurs. Specific lipids such as
cholesterol may differentially. affect fusion of cholesterol-

- dependent and cholesterol-mdepcndcnt CHIKV strains_ in’,
these compartments and therefore deﬁne the oulcome of .
infection. Although our observations ‘are’ suggestive, more

comprehensive studies should be completed to determine the "
exact. molecular mechanisms responsible for penctratlon of
E1-226A and E1-226V viruses into Ae. aggypti and Ae. atbojnctw o

cells.
Although previous laboratory studies have dcmonstrated
susceptibility-of Ae. albopictus to CHIKV infection {36,37], our ' .
data demonstrate that the E1-A226V mutation promoted
infection and accelerated dissemination of CHIKV .in. Ae.
albopictus mosquitoes and conferred a selective advantage
over ‘infection of Ae. aegypti. Whilst the mutation did not
increase the maximum viral titer attainable in the mosqui-
toes, the synergistic effects of increased infectivity and faster
dissemination of the E1-A226V virus in Ae. albopictus would
accelerate virus transmission to a naive human population
which would have contributed to initiating and sustaining the
' 2005-2006 CHIKV epidemic on Reunion island. That a single
amino acid change can act through multiple phenotypic
effects to create an epidemic situation has implications for
other arthropod-transmitted viruses and the evolution of"
human infectious diseases [49). )

Methods

Viruses and plasmids. The viruses and plasmids encoding: full-
lefgth infectious clones of the LR2006 OPY1 strain CHIK-LR ic
(GenBank accession number EU224268; http:/fwww.ncbi.nlm.nih.gov/
Genbankfindex.html) and GFP-expressing full-length clone LR-GFP-
226V (CHIK-LR 5'GFP, GenBank accession number EU224269):have.
been previously described (15,35]. The plasmids 37997-226A (pCHIK-
37997ic, GenBank accession number EU224270) encoding full-length

- infectious clones of the West African strain of CHIKV 37997 and a
' GFP-expressing full-length clone 37997-GFP-226A (pCHIK-37997-
5GFP, GenBank accession number EU224271) were derived from
previously described plasmids pCHIKic and 5'CHIK EGFP (35} by
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introducing CHIKV encoding cDNA into a2 modified pSinRep5
(Invitrogen) at positions 8055-9930. Virises derived from 37997
226A and 37997-GFP-226A are identical to viruses derived form
pCHIKic and 5'CHIK EGFP. To facilitate-rapid screening of viruses
in mosquitoes, the gene encoding enhance green fluorescent protein
(eGFP), that is known not to compromise CHIKV phenotype in
mosquitoes {15), was incorporated into clones as previously described
(15]. Plasmids were constructed and propagated using conventional
PCR-based cloning methods (50]. The entire PCR-generated regions
of all constructs wére verified by sequence analysis. The maps,
sequences-and detailed description of the-clones are available from
the authors upon request. For studies comparing the relative fitness
of the mutant (E1-226V) virus and the pre-epidemic genotype (El-
226A), a silent mutation (6454C) was introduced into the CHIK-LR ic,
to add an Apal restriction site into the coding sequence of CHIK-LR
ic. The resultant plasmid was dcsxgnated LR- Apal -226V. The El-
V226A mutation was introduced into CHIK-LR ic and LR-GFP-226V
to gcnerate plasmids dcsngnated as LR-226A and LR-GFP-226A,
respectively. The mutation E1-A226V was also introduced into
plasmids 37997-226A and 37997-GFP-226A. The resulted plasmids
were designated 37997-226V and'37997-GFP-226V.

All plasmids were purified by centrifugation in CsCl gradients,

linearized with Notl and in vitro transcribed from the minimal SP6 .

promoter using the mMESSAGE mMACHINE kit (Ambion) following
the manufacturer’s instructions. The yield and integrity of synthe—
sized RNA were analyzed by agarose gel electrophoresis in the
presence of 0.25 ug;ml of ethidium bromide. RNA {10 pg) was
transfected into 1x10” BHK-21 cells by electrapgration as previausly
described {15}. Cells were transferred to-25 em? tissue culture flasks
with 10 ml of Leibovitz L-15 (I.-15) medium, and supernatants were
collected at 24 and 48 h post-electroporation and stored at—80 °C. In

parallel, 1x10° electropomtcd BHK-21 cells were serially 10-fold'

diluted and seeded in six-well plates for infectious centers assay as
previcusly described {15].

Cells and mosquxtoes. BHK-21 (baby hamster kidney) cells were
maintained at 37 °C in L-15 medium supplemented with 10%. fetal
bovine serum (FBS), 100 U penicillin, and 100 pgiml streptomycin. C6/
36 cells (Ae. albopictus) were grown in: the same medium at 28 °C. Ae.
aegypti (white-eyed Higgs variant of the Rexville D strain) and Ae
albopictus (Galveston strain) were reared at 27 °C and 80% relative

. humidity under a 16h light: 8h dark phetoperiod, as previously

described [35). Adults were kept in paper cartons supplied with 10%

sucrose on cotton balls. To promote egg production females were fed
on anaesthetized hamsters once per week.

Rexville D strain of Ae. aggypti mosquitees were originally selected
for susceptibility to flavivirus infection [51]. Since there are no known
consequences of this original.selection with respect to susceptibility
to CHIKV, a white eyed variant of the strain that facilitates detection
of GFP was used in our experiments.

In vitro virus growth of CHIKV in standard and cholesterol-
depleted C6/36 cells. To investiga'te if the mutation influenced
cholesterol dependence of the virus, cholesterol-depleted C6/36 cells
were prepared by five passages in L-15 medium containing 10% FBS
treated with 2% CAB-O-Sil (Acros Organics) for 12 h at room
temperature as previously described (52). CHIKV growth curves were
determined by infecting cholesterol-depleted. and normal C6/36 cells
at a multiplicity of infection (MOI) of 0.1 and 1.0, respectively, by
rocking for 1 h at 25 °C. The celis were washed three times with L-15
medium and 5.5 ml of fresh L-15 supplied with 10% of standard or
CAB-O-Sil treated FBS was added to the flask. At the indicated times
post-infection, 0.5 ml of medium was removed and stored at —80 °C
until titrated. The volume of medium was then restored by adding 0.5
ml of appropriate medium.

Titrations. Viral titers from mosquito samples and from tissue
culture supernatant were determined using Vero cells and expressed
as tissue culture infectious dose 50 percent endpoint titers
(Log10TCIDgg) as previously described (53] Additionally, for viral
competition experiments, titers of LR-Apa-226V LR-226A viruses
were determined using standard plaque assay on™Vero cells as
previously described [54].

Oral infection of mosquitoes. Ac. aggypti and Ae. albopictus were
infected in an'Arthropod Containment Level 3 insectary as described

previously [35,55]. To make infectious blood meals for the viruses.

lacking eGFP, viral stocks derived from electroporated BHK-21 cells
were mixed with-an équal volume of defibrinated sheep blood and
supplemented with-3 mM ATP as a phago-stimulant. To produce
infectious blood meals for the eGFP-expressing viruses, the viruses
were additionally passed on BHK-21 cells. The cells were infected ata
MOI =~ 1.0 with virus derived from electroporation. At 2 dpi, cell
culture supernatants- were mixed with an equal volume of defibri-
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nated sheep blood and presented to 4- to 5-day-old female
mosquitoes that had been starved for 24 h, using a Hemotek
membrane feeding system (Discovery Workshops) and hamster skin
membrane. Mosquitoes were allowed to feed for 45 min, and
engorged mosquitoes (stage >3+ [56]) were sorted and returned to
a cage for maintenance. Blood meals and three to four mosquitoes
were gmmediately removed for titration andlor RNA extraction.
Depending on the purpose of the experiments, mosquitoes were
collected at different days. post-infection and either titrated to
determine viral titer, dissected for analysis of eGFP expression in the
midguts or salivary glands [15), or used for RNA extraction in
competition experiments.

To estimate the Oral Infectious Dose 50% values (OIDg), serial 10-
fold dilutions of viruses.were made in L-15 medium followed by mixing
the samples with defibrinated sheep blood. Mosquitoes were dissected
at 7 dpi and eGFP expression in infected midguts. was analyzed by
fluorescence microscopy. A mosquito was considered infected if-at least
one foci of eGFP-expressing cells was present in the midgut The
.experiments were peérformed twice for each virus. OIDso values and
confidence intervals were calculated using PriProbit (version 1.63).

Viral competition experiments. To test the hypothesis that the E1-

A226V mutation might be associated with a competitive advantage in

mosquito vectors; competition assays were designed similar to those
described‘previously in mice [57}, with- minor modifications (Figure
2A). Both Ae. a@ptl and Ae. albopictus mosquitocs were presented with
a blood meal contammg 10° plaque-forming units (pfu)iml of LR-Apa-
226V and 107 pfu/ml of LR-226A viruses. It had been previously found
that for these twa viruses the ratio of viral RNAs carresponds ta the
ratio of viral titers (data not shown). Midguts were collected at 7 dpi
and analyzed in pools of eight to ten, and heads were collected at 12
dpi and analyzed in pools of five. RNA was extracted from the tissue

pools using TRlzol reagent (Invitrogen). followed by additional

purification using a Viral RNA mini kit (QIAGEN). RNAs from blood
meal samples were extracted using Viral RNA Mini Kit followed by
treatment with DNAse (Ambion) to destroy any residual plasmid DNA
contaminant in the viral samples. RNA was reversed transcribed from
random hexamer primers using Superscript IIl (Invitrogen) according
to the manufacturer’s instructions. ¢<DNA was amplified from
41855ns-F5 (5'- ATATCTAGACATGGTGGAC) and 41856ns-R1 (5'-

TATCAAAGGAGGCTATGTC) primers using Taq DNA polymerase -

(Ncw England Biolabs). PCR products were purified using Zymo clean
col (Zymo R rch) and were quantified by spcctrophotometry
Equal amount of PCR products were dlgestcd with Apal, separated in

2% agarose gels that were stained using ¢thidium bromide. Thus: the- -

LR-Apa-226V and LR-226A viruses could be distinguished by size on
an agarose gel (Figure 2A). Gel images were analyzed using Tolal.ab
(version 2.01). Relative fitness of LR-Apa-226V and LR- 296A viruses
was calculated as a ratio between 226V and 226A’bands in the sample,
divided by the control ratio of 226V and 226A in the blood meal.

Virus compctmon in an animal transmission model. Ac. asgypti and
Ae. albopictus mosquitoes were presentcd with a blood meal containing
107 pfuiml of LR- -Apa-226V and 10° pfufm! of LR-226A viruses. At 13
dpi, ten to 15 mosquitoes were placed in separate paper cartons and
starved for 24 h. The next day the mosquitoes in each carton were
presented with individual 2- to 3-day-old suckling mouse (Swiss

Webster). Feeding continued until 2-3 mosquitoes per carton were

fully engorged (stage >3+4{56]). In a parallel experiment six 2- to 3-
day-old suckling mice-were subcutaneously infected with 20 pl of
mixture containing = 25 pfu of LR-Apa-226V and =~ 25 pfu of LR-

226A viruses. Mice were returned to their cage and sacrificed onday 3

post-exposure. Blood from cach individual mouse (~ 50 pl) was
collected and immediately mixed with 450 ul of TRIz6l reagent for
RNA extraction. The RNA was processed as described above. All
animal ‘manipulations were conducted in accordance with federal
laws, regulations, and in compliance with National Institutes. of
Health and University of Texas Medical Branch Institutional Animal
Care and Use Committee gnidelines and with the Association for
Assessment and Accreditation of Laboratory Animal Care standards.

Supporting Information

Figure S1..Schematic Representation of the Viruses Used in This
Study

Found at doi:lQ.l37lljoumal.ppat_0030201.ngOl (917 KB PDF).
Figure Si. Qrowth of the eGFP-Expressing Viruses in BHK-21(A, C)
and C6/36 (B, D) Celis

Confluent monolayers of BHK-21 and C6/36 cells in T25 tissue
culture flacks were infected with LR-GFP-226V and LR-GFP-226A (A,
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B) or 37997-GFP-226A and 37997-GFP-226V viruses derived from
clectroporation at a MOI of 0.1. At the indicated times post-infection,
0.5 ml.of medium was removed and stored at —80 °C for later titration
on Vero cells. Viral titers are expressed as Log;oTCIDgg/mlL

Found at doi:10.1371/journal. ppat.0030201.5sg002 (372 KB PDF).

Figure S3. Growth of the CHIK-LR ic, LR-Apal-226V and LR-226A
Viruses in BHK-21(A) and C6/36 (B) Cells

Confluent monolayers of BHK-21 and C6/36 cells in T25 tissue
culture flacks were infected with LR-GFP-226V and LR-GFP-226A (A,
B) or 37937-GFP-226A and 37997-GFP-226V viruses derived from
electroporation at a MOI of 1.0. At the indicated times post-infection,
0.5 ml of medium was removed and stored at —80 °C until titrated on
Vero cells. Viral titers are expressed as Log;pTCIDsp/ml * standard
deviation of three independent experiments.

hpi - hours post-infection.

Found at doi:10.1371fjournal ppat.0030201.53008 (177 KB PDF).

Figure S4. Compctmon between CHIK-LR ic and LR -Apal-226V for
Growth in BHK-21 and C6/36 Cells

Cells were infected with a 1:1 mixture of both viruses at a MOI of
0.001. 2 dpi, cell culture supernatant was collected and samples
proceeded as described. The experiment was repeated three times for
each of the cell types.

inoc - initial ratio of CHIK-LR ic and LR-Apal-226V in the inoculum
used for infection of cells.

Relative fitness (RF) of CHIK-LR ic and LR-Apal-226V was calculatcd
as an average ratio between CHIK-LR ic and LR-Apal-226V bands in
the supernatant obtained from BHK-21 cells (RF,) and ‘G6/36 cells

(RF3), divided by the control ratio between CHIK-LR ic and LR-Apal--

226V in ‘;hc inoculum.
Found at doi:10.1371/journal. ppat.0030201.sg004 (3.6 MB PDF).

Table S1. Specific Infectivity and Virus Titers after Electroporation

a - amino acids at position of E1-226.

b - Specific infectivity of in vitro transcribed RNA. 107 BHK-21 cells
were transfected with 10 pg of RNA. Electroporated BHK-21 cells
were 10-fold serially diluted, seeded in 6-well tissue culture plates
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containing 5x10° naive BHK-21 cells per well and covered with 0.5%
agarose in L-15. Plaques were scored on day 2 post-transfection.

¢ - Supernatants of electroporated BHK-21 cells were collected on
days 1 and 2. Virus titers were determined by titration on Vero celis
and expressed as LogoTCIDsg/ml.

hpi - hours post-infection.

Found at doi:10.1371fournal.ppat.0030201.5t001 (34 KB DOC).

Table S2. Infection Rates and Average Titers of CHIKV-LR ic or LR-
Apal-226V in Orally Infected Ae. asgypti and Ae. albopictus

Ae. aegypti mosquitoes were orally presented with 7.24+0.4 Log;oT-
CIDyo/ml of CHIKV-LR ic (summary of two experiments) and 6.52
Logj0TCIDso/ml of LR-Apal-226V.

Ae. albopictus mosquitoes were orally presented with 7.24+0.4
LogoTCIDsp/ml of CHIKV-LR ic (summary of two experiments)
and 7.52 LogyoTCIDso/m! LR-Apal-226V.
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In this update:

{1] china (Fujian)

[2] Viet Nam fT}
{3] Pakistan (Karachi) ' :
{4] Latin America

* Kk Kk kkKk

(1] China Fujian)

Date: Sun 30 Sep 2007

Source: China Daily, Xinhua News Agency report [edited]
<http://www.chinadaily.com.cn/china/2007—09/30/content 6149071.htm>

L

on Sunday [30 Sep 2007], health authorities said 39 dengue fever
cases have been confirmed in Putian City of east China‘s Fujian
Province. Thus far, 26 of the 39 patients in Hanjiang District of
Putian City have been cured and the others are in stable condition,
said the provincial health department.

The city has adopted "comprehensive prevention and control measures”
to curb the spread of the disease, said the department. All medical
and health institutions in the province have also strengthened
monitoring on the disease, it added.

The department reminded citizens of household sanitation and the i
prevention of proliferation of mosquitoes, which transmit the disease [\ as]

Communicated by:
ProMED-mail Rapporteur Brent Barrett

[Putian City is situated in the central part of the coastal area of
Fujian Province. Putian neighbors Fuzhou in the northeast and
Quanzhou in the southeast, and is separated from Taiwan by the Taiwan Strait.

(A zoomable map of Fujian Province showing the location of Putian
city can be accessed at
<http://encarta.msn.com/map 701510630/Fujian.html>. - Mod.TY]
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[2] Viet Nam

Date: Wed 26 Sep 2007

Source: VietNamNet Bridge [edited] .
<http://english.vietnamnet.vn/social/2007/09/745035/>

The incidence of dengue fever in Viet Nam has risen by almost 50

percent this year [2007] against last year {2006], reports the Health Ministi

A medical worker instructs Daoc ethnic minorities in the northern
mountainous province of9%en Bai's Quang Minh Commune to dip mosquito
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nets in chemicals to prevent dengue fever.

About 68 000 people had been stricken with the mosquito-borne
disease, Preventative Health Department director Nguyen Huy Nga said
on Monday {24 Sep 2007}; 60 had died.

Most infections had occurred in southern Dong Thap, An Giang, Tien
Giang, and Ben Tre provinces and the total increase was about 48
percent, he said.

Ho Chi Minh [HCM] City-based Pasteur Institute National Dengue Fever
Programme representative Luong Chan Quang said more than 58 000
people had been infected in the Cuu Long (Mekong) Delta provinces by
the end of August [2007]). Deaths were put at 54-40 percent more than
last year [2006].

Infections in Tien Giang Province totalled 9800 with 9 deaths, Dong
Thap 8700 with 9 deaths, and An Giang 6000 with 6 deaths.
J

In HCM City, almost 5400 people had been stricken with dengue fever
-- 40 percent more than last year [2006 -- and 6 had died.

Quang warned that another serious outbreak was likely in the southern
delta before the end of the year [2007] if effective preventive
measures were not taken because people regularly stored water to
prepare for the dry season.

The _Aedes_ mosquito, which carries dengue fever, breeds in still or
stagnant water.

HCM City Preventive Health Department deputy director Nguyen Dac Tho
said about 350 people were being admitted to hospital each week with
dengue fever -- 50 more than last year [2006].

Inner city districts 8, 10, 11, Binh Thanh, and Binh Tan were the
worst affected. People in densely populated precincts stored more
water for their own use than others as did construction projects, said Dr Tho.

Dengue fever is most common among children under 10 but the number of
afflicted adults has increased this year [2007].

HCM City Tropical Diseases Hospital figures show that of about 150
people admitted to the hospital with dengue fever each week, more
than 100 were adults.

There are 4 types of the dengue fever virus that often result in
similar symptoms. This year [2007]), the transmitted virus was usually
type 1 or type 2.

Haemorrhagic fever is a severe, often fatal, complication of dengue fever.

The HCM City People's Committee has mobilised measures to prevent
dengue fever across the city. Citizens are encouraged to clean around
their residences every Sunday and spray mosquito killer [insecticides].

Communicated by:
ProMED-mail
<promed@promedmail.org>

{A map of Viet Nam can be accessed at
<http://www.lib.utexas.edu/maps/middle east and asia/vietnam adminOl.ipg>.
- Mod.TY]
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{3] Pakistan (Karachi)

Date: Thu 27 Sep 2007

Source: Daily Times [edited]
<http://www.dailytimes.com.pk/default.asp?page=2007%5C09%5C27%5Cstory 27-9-200

The Sindh Health Department's Dengue Fever Surveillance Cell reported
22 fresh cases of the disease in select hospitals across Karachi on
Wednesday (26 Sep 2007].

95
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Additional health secretary and in-charge of the surveillance cell,
Dr Shakil Malik, giving details of these cases, told APP [Associated
Press of Pakistan] that 20 of the patients are positive and they are
waiting for the report on the other 2.

The hospitals that dispatched reports include Liaquat National
Hospital, Ziauddin Hospital, Bismillah Tagee Hospital, and Zainab
Panjwani Hospital. "Since we just reactivated the cell on Tuesday [25
Sep 2007), it will take time before we make contact with all the
hospitals scattered across the city,"” he said. To a question, he said
that around 170 suspected cases of dengue fever have been reported
from across the city this year -- from January [2007] to date. He
also referred to the report the provincial health department received
from a local laboratory (Mid Citi Lab) that tested 24 OPD {[out
patient department] patients between August [2007] and now. Of these
individuals, 12 came out positive.

Communicated by:
ProMED Rapporteur Brent Barrett

[Karachi is located on the Arabian Sea. A map of Pakistan can be

accessed at :
<http://www.lib.utexas.edu/maps/middle east and asia/pakistan pol 2002.35pg>. |
- Mod.TY]
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{4] Latin America 1,)
Date: Sat 29 Sep 2007

Source: Associated Press [edited]
<http://ap.google.com/article/ALeqM5i86GcnUASvMXnPi9bBXcqngiidSQDBRVALE604>

|
Dengue fever is spreading across Latin America and the Caribbean in
one of the worst outbreaks in decades, causing agonizing joint pain
for hundreds of thousands of people and killing nearly 200 so far
this year [2007].

|
The mosquitoes that carry dengue are thriving in expanded urban slums
scattered with water-collecting trash and old tires. Experts say |
dengue is approaching record levels this year [2007] as many
countries enter their wettest months.

"If we do not slow it down, it will intensify and take a greater
social and economic toll on these countries,” said Dr. Jose Luis San
Martin, head of anti-dengue efforts for the Pan American Health
Organization (PAHO), a regional public health agency..

The US Centers for Disease Control and Prevention (CDC) in Atlanta
has posted advisories this year [2007]) for people visiting Latin
American and Caribbean destinations to use mosquito repellant and
stay inside screened areas whenever possible.

Nao?

"The danger is that the doctors at home don't recognize the dengue,” j
said Dr. Wellington Sun, the chief of the CDC's dengue branch in San
Juan, [Puerto Rico] "The doctors need to raise their level of
suspicion for any traveler who returns with a fever."

Dengue has already damaged the economies of countries across the
region by driving away tourists, according to a document prepared foz
a PAHO conference beginning Monday {1 Oct 2007} in Washlngton.

Some countries have focused mosquito eradication efforts on areas
popular with tourists. Mexico sent hundreds of workers to the resorts
of Puerto Vallarta, Cancun, and Acapulco this year [2007] to try to
avert outbreaks.

, Health ministers from across the region meet at the PAHO conference F
and San Martin said he will urge them to devote more. resources to dengue feve

The tropical virus was once thought to have been nearly eliminated
from Latin America, but it has steadily gained strength since the
early 1980s. Now, officials fear it could emerge as a pandemic
similar to one that became a leading killer of children in Southeast
Asjia following World WagdI. ‘

http:// www.promedmall org/pls/ promed/f"p=2400 1001:131 1 81 88367355991829::NO::F2400_P1001... 2007/ 1 1/ 1
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Officials say the virus is likely to grow deadlier in part because
tourism and migration are circulating 4 different strains across the
region. A person exposed to one strain may develop immunity to that
strain -- but subsequent exposure to another strain makes it more
likely the person will develop the hemorrhagic form.

"The main concern is what's happening in the Americas will
recapitulate what has happened in Southeast Asia, and we will start
seeing more and more severe types of cases of dengue as time
progresses," Ssun said.

So far this year {2007], 630 356 dengue cases have been reported in

the Americas -- most in Brazil, Venezuela, or Colombia -- with 12 147

cases of hemorrhagic fever and 183 deaths, according to the Pan

American Health Organization. With the spread expected to accelerate

during the upcoming rainy season in many countries, cases this year

[2007) could exceed the 1 015 000 reported in 2002, according to San Martin.

In Puerto Rico, where 5592 suspected cases and 3 deaths have been
reported, some lawmakers called this week for the health secretary to resign.

In the Dominican Republic, which has reported 25 deaths this year
{2007], the health department announced Thursday [27 Sep 2007] that
it would train 2.5 million public school students to encourage
parents and neighbors to eliminate standing water.

Researchers have not yet developed a vaccine against dengue and Sun
said that for now, the only way to stop the virus is to contain the
mosquito population -- a task that relies of countless, relentless
individual efforts including installing screen doors and making sure
mosquitoes are not breeding in garbage.

"It's like telling people to stop smoking," he said. "They may do it
for a while, but they don't do it on a consistent basis and without
doing that, it's not effective."

While dengue is increasing around the developing world, the problem
is most dramatic in the Americas, according to the CDC.

Health officials believe the resurgence of the malaria-like illness
is due partly to a premature easing of eradication programs in the 1970s.

Migration and tourism also have carried new strains of the virus
across national borders, even into the United States, which had
largely wiped out the. disease after a 1922 outbreak that infected a
half-million people.

Mexico has been struggling with an alarming increase in the deadly
hemorrhagic form of dengue, which now accounts for roughly one in 4
cases. The government has confirmed 3249 cases of hemorrhagic dengue
for the year through 15 Sep ([2007], up from 1924 last year [2006].

The CDC says there is no drug to treat hemorrhagic dengue, but proper
treatment, including rest, fluids, and pain relief, can reduce death
rates to about one percent. ‘

San Martin said he use the meetings starting Monday [1 Oct 2007] to
urge enforcement of trash disposal regulations, more investment in
mosquito control and new incentives for communities to participate.
""It is a battle of every government, every community and every
individual," he said.

[Byline: Michael Melia]

Communicated by:
ProMED-mail
<promed@promedmail.org>

The WHO (World Health Organisation) description of dengue fever and
the more deadly dengue hemorrhagic fever [DHF] can be found in
ProMED-mail's "Dengue/DHF update 20070514.1541". ProMED-mail thanks
the contributors to this update and encourages others to contribute
reports also. - Mod.TY] g7
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ProMED-mail makes every effort to verify the reports that
are posted, but the accuracy and completeness of the

information, and of any statements or opinions based
thereon, are not guaranteed. The reader assumes all risks in
using information posted or archived by. ProMED-mail. ISID

and its associated service providers shall not be held

responsible for errors or omissions or held liable for any

damages incurred as a result of use or reliance upon posted

or archived material.
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TRANSFUSION COMPLICATIONS

Prevalence and quantitation of parvovirus B19 DNA levels in
blood donors with a sensitive polymerase chain reaction
screening assay

Steven H. Kleinman, Simone A. Glynn, Tzong-Hae Lee, Leslie Tobler, Leilani Montalvo,
Deborah Todd, Joseph E. Kiss, Venkatakrishna Shyamala, and Michael P Busch for the National
Heart, Lung, and Blood Institute Retrovirus Epidemiology Donor Study (REDS-II)

BACKGROUND: Blood donor parvovirus B19 DNA
prevalence with sensitive nucleic acid test assays has
recently been demonstrated to be higher than that
found with assays designed to detect high viral titers in
the plasma manufacturing sector.

STUDY DESIGN AND METHODS: Stored plasma ali-
quots from 5020 donations collected between 2000 and
2003 at seven US blood centers were tested. Testing
was performed with a real-time B19 DNA polymerase
chain reaction (PCR; TaqMan, Applied Biosystems)
assay with a 50 percent limit of detection (LLOD) of

1.6 IU per mbL (95% confidence interval [Cl], 1.2-2.1 iU/
mL) and a 95 percent LOD of 16.5 {U per mL (95% ClI,
10.6-33.9 IU/mL). Confirmation and quantitation of 819
DNA was accomplished by retesting of two additional
subaliquots. Confirmed-positive specimens were tested
for the presence of anti-B19 immunoglobulin M (IgM)
and IgG with FDA-licensed assays. ‘
RESULTS: B19 DNA prevalence was 0.88 percent
(95% Cl, 0.64%-1.2%). Among the 23 donations with
B19 DNA titers of at least 20 IU per mL, the median
DNA concentration was 105 1U per mL with an inter- -
quartile range of 42 to 481 |U per mL; the highest value
was 1869 IU per mL. All B19 DNA-positive donations
were positive for the presence of IgG and 10 (23%)
were also positive for the presence of IgM; IgM serop-
ositivity was associated with increasing DNA levels

(p = 0.0013). .
CONCLUSION: Low-level B19 DNA was detected in
nearly 1 percent of donations. The 23 percent of DNA-
positive donations with both IgM and 1gG B19 antibody
most likely represent acute resolving infection, whereas
those with IgG but no IgM are most consistent with a
more chronic and possibly persistent phase of B19
infection.

1756 TRANSFUSION Volume 47, October 2007

arvovirus B19 infection (also known as human
erythrovirus and referred to as B19 in this report)
has been well documented to be transmitted by
transfusion of plasma derivatives.!* There are
only rare case reports, however, of B19 transmission by
transfusion of blood components, and two small studies
that attempted to assess such transmission systematically
did not demonstrate any symptomatic infection.** To
date, there have been no large-scale linked transfusion

. transmission studies with sufficient statistical power to

105

allow for a systematic calculation of the per unit or per
recipient risk of acquiring asymptomatic or sympto-
matic infection after transfusion of a B19-viremic blood
component.

In the plasma derivative setting, B19 transfusion
transmission has not been reported when the plasma B19
DNA concentration was less than 10° international units

ABBREVIATIONS: C; = cycle threshold; LOD = limit of
detection.

From Westat, Rockville, Maryland; Blood Systems Research
Institute, San Francisco, California; the Institute for Transfusion
Medicine, Pittsburgh, Pennsylvania; Chiron Corp., Emeryville,
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(IU) per mL.! It is unknown if recipients of pooled plasma
products with low B19 viral titers are protected due to the
neutralizing effect of B19 antibody from other units in the
plasma pool, the low B19 viral titer, or a combination of
both.'? Although it has been assumed that single-unit
blood components with low B19 DNA titers should, simi-
larly, be noninfectious, this remains speculative because
the mechanism of pratection in the pooled plasma setting
has not been established and may not apply to single-unit
transfusions.

Newer information suggests that the potential for
recipients to be exposed to low titers of B19 DNA from
blood component transfusion is greater than previously
thought. Through the use of sensitive nucleic acid test
(NAT) assays, two sets of investigators have found that the
prevalence of B19 DNA in donor plasma ranges from 0.5 to
0.9 percent.!"'? Furthermore, it is now known that B19
DNA may persist in plasma at low concentration for
several years in healthy individuals who could make
repeat blood donations during this viremic interval.'3-1¢

From 2000 through 2003, NHLBI and CDC established
the Retrovirus Epidemiology Donor Study Allogeneic
Donor and-Recipient' (RADAR) repository as a powerful
tool to investigate possible transfusion-transmitted infec-

- tions."” Qur primaryaim with regard to B19infection was to
use'this linked donor and recipient repository to evaluate
whether donations withlow B19 DNA levels transmit infec-
tion. Such a transfusion transmission study would only be
feasible, however, if a B19 NAT assay with appropriate per-
formance characteristics f{e.g., sensitivity, specificity,
throughput) was available and if the prevalence of plasma
B19.DNA in the donor population and the number of sus-
ceptiblerecipients were of sufficient magnitude to allow for
significant conclusions to be drawn.

The primary aim of this report is to present the results
of these initial investigations, which include development
of a highly sensitive polymerase chain reaction (PCR)
screening assay and estimation of the prevalence of
plasma B19 DNA in donations represented in the RADAR
repository. Our secondary aims were to evaluate the asso-
ciation of quantitative DNA levels with immunoglobu-
lin M (IgM) and IgG antibody status and determine the
demographic characteristics of B19 DNA-positive donors.

MATERIALS AND METHODS

Selection of repository specimens

The RADAR repository was established from 2000 through
2003 through participation of blood centers and selected
hospitals at seven geographically dispersed locations
throughout the United States.!” This donor and recipient
repository contains pretransfusion (or peritransfusion)
specimens and follow-up specimens (collected at an inter-
val of 6-12 months) from 3,575 enrolled recipients. The
repository also contains 13,201 donation specimens given
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by 12,408 distinct donors that were transfused to these
RADAR recipients. This portion of the repository is referred
to as the linked donor-recipient repository. In addition,
there is a supplementary repository of 99,906 donation
specimens (contributed by 84,339 donors) from donations
that were not transfused to enrolled RADAR recipients.

As previously reported, transfusion transmission
studies with the RADAR-linked repository should usually
only be considered if the donor prevalence of an agent is at
least 0.05 percent.!” For this study, based on some of the
conservative estimates of donor B19 viremia in the litera-
ture, we determined that testing of approximately 5,000
specimens would allow us to be 95 percent confident that
the prevalence of viremia in the donor population was at
least 0.05 percent. Thus, 5,200 specimens (allowing for
failed runs) were selected from the repository of unlinked
community whole-blood and apheresis donations for B19
DNA PCR testing. A stratified sampling procedure was

used to select these specimens so that they would have

similar demographic, temporal, and geographic charac-
teristics to the 13,198 community whole-blood and aph-
eresis donation samples in the linked repository, thereby
allowing for later extrapolation of the prevalence results to
donations in the linked repository. The sampling scheme
controlled for frequency of donations per donor, blood
center where donation was given, arid year and month of
donation, in that order. This stratification also ensured
that the distributions of other important variables, for
example, age at time of donation, first-time or repeat
status, and race/ethnicity were similar between the 5,200
sampled unlinked donations and the 13,198 -donation
samples in the linked repository. The similarity of the
sampled supplementary repository subset and the linked
donations was verified after the sample was selected.

A 1.75-mL frozen plasma tube for each selected dona-
tion was accessed from the repository by personnel at the
long-term-storage facility (SeraCare BioServices, Gaithers- -
burg, MD). Each specimen was aliquoted into three 0.5-mL
subaliquots (one for B19 DNA screening and two for B19
DNA confirmation arid quantitation) and one 0.25-mL
aliquot (for antibody testing) with rigorous precautions to
minimize the possibility of cross-sample contamination.

PCR assay development, validation, and
performance characteristics -

The B19 DNA assay used in this study was originally devel-
oped by Chiron Corp. (Emeryville, CA) and subsequently
refined through a collaboration between Chiron and
Blood Systems Research Institute (San Francisco, CA).!'S
The assay format includes a magnetic-bead B19 DNA
capture step followed by a real-time PCR assay that targets
the VP1 region of the B19 genome. An internal control,
sharing homologous primer region sequences but with a
different internal probe binding sequence as the viral

Volume 47, October 2007 TRANSFUSION 1757
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target, is included in each assay tube. B19 DNA target and
the internal control nucleic acid are amplified by the same
primer pair but detected and distinguished by
fluorophore-tagged sequence-specific probes. Five-
hundred microliters of frozen plasma, thawed at room
temperature, was vortexed and centrifuged briefly before
the addition of lysis buffer, poly(T)-coupled magnetic
beads (Seradyn, Indianapolis, IN), four viral capture
primers (VSCP1, VSCP4, VSCP5, and VSCP7) with poly(A)
tail, and 20 copies of internal control. The preparation was
vortexed for 10 seconds and incubated in a 60°C water
bath for 20 minutes, followed by incubation at room tem-
perature for 15 minutes. The tubes were placed on a mag-
netic base for 10 minutes before the liquid was vacuum-
aspirated. The beads were washed once with 1 mL of wash
buffer (Procleix, Gen-Probe, San Diego, CA) and twice with
another wash buffer (Chiron Novartis, Emeryville, CA).
All captured target DNA from the 0.5-mL input
plasma and captured spiked internal control were sub-
jected to amplification in a single PCR procedure and
amplification and detection occurred in a 96-well optical
" plate with dual-plexed TagMan PCR technology. TagMan
1000 Rxn PCR core reagents were purchased from Applied
Biosystems (Foster City, CA). The PCR mix was prepared
by mixing 10 pL of Buffer A; 1 pL of the enzyme uracil-N-
glycosylase (Amperase [Roche Diagnostics, Indianapolis,
IN], which reduces contamination by degrading dUTP-
containing amplicons from prior amplification reactions);
20 uL of MgCl,; 10 uL. of dATPR, dCTPE, dGTP, and dUTP;
0.5 pL of AmpliTaq Gold; 56 pL of steril-
ized water; 0.9 pL. each of two amplifica- 40

con products with no subsequent manipulation of reac-
tion wells; use of dUTP and UNG in each assay to destroy
previous B19 amplicons before amplification; and single-
use disposable reaction tubes and plates. Segregated labo-
ratories were used for sample accessioning and
preparation, preamplification target-capture, and real-
time PCR.

Preliminary assay development work used a series of
dilutions of the CBER parvovirus B19 DNA standard to
determine where to set the assay cutoff as well as to esti-
mate the resultant assay analytic sensitivity. Figure 1
shows box and whisker plots of testing results for 30 rep-
licates at each of four dilutions (30, 15, 7.5, and 3.75 IU/
mlL). Based on these studies, the assay cutoff was
established as follows: a specimen was classified as reac-
tive if a signal was detected at not more than 40 cycles
(cycle threshold [Cy] = 40), indeterminate if Cy was more
than 40 but not more than 45, and negative if there was no
signal detected or if a Cy was more than 45. An apparent
negative result was interpreted as invalid if the Cr of the
internal control was more than 45.

Because the chosen assay cutoff was designed to
maximize assay sensitivity, an algorithm was developed
for final test interpretation so as to avoid classifying non-
specific reactivity on a single assay run as a confirmed-
positive result (see Fig. 2). All initially positive, initially
indeterminate, and invalid specimens were retested in
duplicate with two separate 0.5-mL subaliquots on plates
that included quantitative run standards. This ‘testing

tion primers at 100 pmol per uL (VSCP8,
VSCP9); and 0.25 puL of each of the two
probes at 100 pmol per pl (VSCP10, 381 ¢
VB-TAM) per sample. One-hundred 47 -
microliters of the mix was added to each
sample instead of the manufacturer-
suggested 50 pL per sample. PCR was 35
performed with 50 cycles of 95°C for
15 seconds and 60°C for 1 minute, after

39 9

¢,

36

34

the initial Amperase (50°C for 2 min) 3
and AmpliTaqg Gold activation (35°C for
10 min). The DNA was amplified and
detected with a real-time PCR system
(ABI 7500, Applied Biosystems).
Features of the assay system that
minimize risk of specimen-to-specimen
cross-contamination of plasma or
“carryover” amplicon contamination
include single-tube magnetic bead
target-capture and DNA purification
with the Chiron/Gen-Probe-enhanced
semiautomated system, single-tube
amplification, and real-time monitoring
of fluorescent probe binding to ampli-

30

36.30 Cr.
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15 75 ’ 375
B19 DNA concentration (IU/mL)

Fig. 1. Assay validation and selection of assay cutoff based on replicate testing of
dilutions of the CBER parvovirus B19 DNA standard. The input per amplification was
0.5 mL. Twofold dilutions of CBER-validated B19 DNA standard were run with 30
replicates at each concentration. The standdrd was diluted with pooled plasma nega-
tive for B19 DNA and B19 antibody. The y-axfs represents PCR Cr. The x-axis repre-
sents B19 DNA concentration per milliliter of plasma. The top and bottom whiskers
on the box plot represent the 90th and 10th percentiles, respectively. The top of the
box represents the 75th percentile and the bottom of the box represents the

25th percentile. The line inside the box represents the median. Negative plasma ali-
quots were also tested (data not shown). Of 204 B19-negative plasma aliquots, 203
yielded negative assay results (C; > 40). One negative control sample amplified at



B819 PCR
C;>45 40<C; <45 C; <40
NEGATIVE INDETERMINATE REACTIVE
{
Internal Control
Cr<45 C; > 45,
: Undetticted
NEGATIVE INVALID

CONFIRMATORY QUANTITATIVE TESTING,
in duplicate

Fig. 2. B19 DNA testing algorithm.

served both as confirmation and as quantitation. The final
interpretation of the qualitative PCR assay was based on
the results of the three individual assays (i.e., the initial
screening assay and the duplicate repeat assays). Speci-
mens were classified as B19 DNA-positive if at least two of

-three tests showed reactivity at a Cr of not more than 40

-cycles and indeterminate if at least two tests showed reac-
tivity at a Cr of not more than 45, with one or both of these
Cr.values more than 40, and negative if both of the dupli-
cate repeat assays were negative.

For determining DNA concentration, quantitative run

standards were placed on each plate in duplicate. For con-
firmation and quantitation of initially reactive specimens,
standards from 1000 to 31.25 IU per mL were tested in
twofold dilutions. For repeat testing of indeterminate and
invalid specimens, stanidards from 125 to 31.25 IU per mL
were tested in twofold dilutions to prevent any cross-
‘contamination of the specimens from high-titer stan-
dards. Quantitative results were determined by comparing
the Cr of the specimen to the Cr of the known standards on
the same test run. The assigned quantitative value for each
specimen was the average of the two duplicate quantita-
tive assays (including zero for a negative test result). Speci-
mens with low Cr (Cr < 30) were diluted 1:10 and 1:100 and
then run in triplicate at each dilution, and the quantitative
result was the mean of the three test results at the most
appropriate dilution.

Analysis of additional replicates of the CBER standard
(30-60 replicates performed on twofold serial dilutions
with concentrations of 30, 15, 7.5, 3.75, 1.88, and 0.94 1U/
mL) established that the 50 percent limit of detection
(LOD) of the assay was 1.6 IU per mL (95% confidence
interval [CI], 1.2-2.1 IU/mL), and the 95 percent LOD was

16.5 IU per mL (95% CI, 10.6-33.9 IU/mL). To allow for the-

possibility that quantitation might not be precise at the
lower limits of detection, we categorized all specimens
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with quantitative values of 0 to less than 20 IU per mL as
having a value of less than 20 IU per mL.

PCR testing of study specimens

Initial B19 DNA testing was performed in singlicate with
one 0.5-mL plasma aliquot. Testing was performed in
96-well microtiter plates. Each plate contained two known
pousitive, two blinded negative, and two blinded positive
controls as well as up to 90 study specimens. All positive
controls were prepared by the testing laboratory (BSRI)
from the CBER parvovirus B19 DNA standard and were
diluted to contain 100 U per mL B19 DNA. The known
controls were introduced into each test batch by the
testing laboratory whereas the blinded controls were
introduced into each specimen batch by the repository
facility. Runs were considered valid if at least one of the

two known positive and one of the two known negative ;

controls gave a valid, expected result. Figure 3 shows the =~

high consistency of assay performance on the known and
blinded positive control specimens for 56 screening test
runs based on Cr; the Cy for the known controls (Fig. 3A)
was 33.36 * 2.96 and the C for the blinded controls at the
same concentration was 34.09 + 2.71 (Fig. 3B). All posi-
tive controls reacted with the exception of 5 of 112 known
positive controls with invalid results and 1 of 112 blinded
positive controls with a false-negative result. In addition,
110 of 112 negative controls were negative, 1 gave an
invalid result, and 1 gave an indeterminate result. -

All initially positive, indeterminate, and invalid speci-
mens were rerun in duplicate with two separate subali-
quots on plates that included quantitative run standards.
Because of limitations of specimen volume, this testing
served both as confirmation and as quantitation (see
above).

B19 antibody testing

All confirmed B19 DNA-positive and indeterminate dona-
tions were tested for the presence of B19 IgG and IgM
antibodies against a recombinant VP2 protein with FDA-

licensed test kits (Biotrin, Dublin, Ireland). Testing was

performed in singlicate with the 0.25-mL subaliquot. If
results fell into the equivocal zone, the assay was repeated

- in singlicate and the repeat result was taken as the overall

final result for the specimen.

Additionally, to determine IgG and IgM prevalence in
B19 DNA-negative donations, we first randomly selected a
subset of 520 donation specimens from the 5200 dona-
tions that had been selected for PCR testing (see above).
This sampling occurred before obtaining the PCR results
on the 5200 donations. IgG antibody testing was per-
formed on 505 of the 520 donations, 501 of which were
subsequently found to be B19 DNA-negative. For IgM
antibody, due to kit availability issues, a random subset of
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<10*IU/mL) by conducting a Fisher's
exact test (SAS/STAT 9.1, 2004, SAS Insti-
tute, Inc.). We determined the 50 and
95 percent LOD of our PCR assay with
associated 95 percent CI by probit
analysis with PC SAS Version 8.2.

We compared the distribution of
demographic characteristics between
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donation groups (i.e., DNA-positive and
DNA-negative  donations) with chi-
square statistics or, for small cell sizes,
either the Fisher’s exact test (SAS/STAT

Mean+2SD
9.1, SAS Institute, Inc.) or the Fisher-
Mean Freeman-Halton test (StatXact Version
Mean-2SD 6, 2004, Cytel Software Corp., Cam-

bridge, MA). This latter test is a generali-
zation of the Fisher's exact test for 2 by
2, to an r-by-c contingency table.
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Fig. 3. (A) Control chart: 100 IU per mL known controls. Two known positive controls

RESULTS

were included per run. The data plotted were controls for 56 plates, which includes

107 valid results and excludes 5 invalid results (C; mean * 2SD = 33.36 * 2.96). (B)
Control chart: 100 1U per mL blinded controls. Two blinded positive controls were
included per run along with two blinded negative controls (data not shown). The
data plotted were positive controls for 56 plates, which includes 111 valid results and

‘one false-negative result (C; mean * 2SD = 34.09 * 2,71).

194 of 366 of these specimens identified as IgG-positive
were tested.

Demographics

The following information was available for each donation
in the RADAR repository: donor identification number,
age at time of donation (categorized as =25, 26-35, 36-45,
46-55, 56-65, =66), sex, race/ethnicity (Asian, black non-
Hispanic, Hispanic, white non-Hispanic, other non-
Hispanic), first-time or repeat donor status, education
level (<high school, high school degree, some college edu-
cation, college degree, graduate or professional degree),
history of transfusion, the center at which the donation
was collected, and date of donation {categorized by calen-
dar year of donation or by season, i.e., occurring in the
winter, spring, summer, and fall).

Statistical analysis

We calculated the proportion of donations that were con-
firmed positive by PCR with associated 95 percent CI as
well as the prevalence of IgM and IgG (and their 95% CI) in
DNA-positive and DNA-negative donations. We evaluated
whether the prevalence of IgM in DNA-positive donations
varied as a function of B19 DNA level (categorized as <20,
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Of the 5200 specimens originally
selected for DNA testing, screening
results were obtained for 5020. Results
were not obtained for 180 specimens
that were part of two runs which failed
due to equipment problems. There were
113 initially reactive specimens (2.25%),
26 initially indeterminate specimens (0.52%), 56 initially
invalid specimens (1.12%), and 4825 negative specimens.
After retesting, 43 of the initially reactive specimens con-
firmed as positive, 2 were reclassified as indeterminate,
and 68 were reclassified as negative. For the indeterminate
specimens, 1 was reclassified as positive, 22 remained
indeterminate, and 3 became negative. All initially invalid
specimens retested as negative.

Summarizing the screening and retesting results, we
found that 44 specimens (0.88%) were DNA-positive, 5
(0.10%) were indeterminate, and 4971 (99.02%) were
negative. In 35 (80%) of the confirmed-positive speci-
mens, all three tested replicates reacted in the PCR assay.
DNA prevalence was 0.88 percent with a 95 percent CI of
0.64 to 1.2 percent.

Figure 4 shows that the percentage of confirmed-
positive specimens was inversely related to the C value
obtained on the initial screening test run. Specimens that
initially reacted at a Cy value of less than 37 were con-
firmed as positive 86 percent of the time, whereas speci-
mens with a Crvalue of between 37 and 40 were confirmed
16 percent of the time.

Table 1 presents the quantitative DNA levels grouped
into four categories as well as the antibody status of the 44
B19 DNA confirmed-positive donations. The median DNA
level for all of our confirmed-pasitive donors was 22.75 U



per mL. Twenty-one of 44 specimens had DNA levels of
less than 20 IU per mL (conservatively determined to be
the lower limit of quantitation of the assay), and if we
consider only those donors who had DNA levels of more
than 20 IU per mL, then the median DNA level for these 23
donors was 105 IU per mL (interquartile range, 42-481 IU/
mL), with the highest value being 1869 IU per mL. Speci-
mens with reactivity on two of the three replicates had
lower DNA levels than specimens reactive on all three rep-
licates (data not shown). .

All B19 DNA confirmed-positive donations had
detectable B19 IgG antibody, whereas in the control group
of 501 PCR-negative donors, IgG was present in 73 percent
(95% CI, 68%-77%). IgM antibody was detected in 10 B19
DNA confirmed—positive donations and was assigned an
equivocal status in 2 additional cases. IgM seropositivity
was associated with .increasing DNA concentration
(p =0.0013). The median DNA level for the 10 IgM-
positive donations was 297 IU per mL, and all three
donors with B19 DNA titers of more than 10° [U per mL
were IgM-positive. IgM was not detected in any of 194
DNA-negative, IgG-positive donors (95% CI, 0.00%-
1.88%).

Donors who were not more than 45 years old were
more likely to be viremic than donors older than 45 years:

Confirmed positive (%)

=35 >35-36 >36-37 >37-38 >38-39 >3940 >4042

Initial Cy value

Fig. 4. Confirmation of B19 DNA reactivity relative to the Cr
obtained on initial PCR screening. Confirmation of all 136 ini-
tially reactive specimens. There were no initially reactive
specimens with C; between 42 and 45 cycles. All 4884 speci-
mens with a C; value of more than 45 on the initial test run
were classified as negative.
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1.24,1.30, and 1.41 percent of donors not more than 25, 26
to 35, and 36 to 45 years, respectively, were viremic com-
pared to 0.23, 0.37, and 0.00 percent of donors 46 to 55, 56
to 65, and more than 65 years old (p =0.0008). Further,
1.85 percent of first-time donors were viremic compared
to 0.66 percent of repeat donors (p=0.007). Although
DNA prevalence estimates appeared to be higher for
spring (1.14%) and summer (1.18%) donations than for fall
(0.44%) and winter (0.67%) donations, these differences
did not achieve significance (p = 0.09). There was no sig-
nificant association with geographic region (based on
center where the donation was given), calendar year of
donation, sex, race/ethnicity, education level, or transfu-
sion history.

DISCUSSION

In this study we applied a highly sensitive B19 DNA assay ‘1;

to 5020 individual donations to determine the prevalence
of plasma B19 DNA in donors from seven different geo-
graphic areas of the United States using specimens col-
lected over a 4-year interval. We believe this to be the
largest such study performed on individual donations
rather than on large pools of donations, as is routine in the
plasma manufacturing sector.

We found that the prevalence of B19 DNA in plasma
was  0.88 percent with a 95 percent CI of 0.64 to

1.2 percent. Our data can be compared with several recent

European studies that used somewhat less sensitive B19
DNA assays. Thomas and coworkers' tested 16,859
Belgian blood donors in pools of 60 donations with an
assay with 95 percent LOD of 96.6 1U per mL and found a
B19 DNA prevalence of 0.16 percent. Candotti and col-
leagues'? tested 1,000 UK whole-blood and platelet donors
in minipools of 10 donation specimens and found a preva-

lence of 0.9 percent with a nested PCR with a 95 percent

LOD of 25 IU per mL; this prevalence was very similar to
that found in our study. Plentz and colleagues® found a
0.7 percent prevalence with an assay with a 50 percent
LOD of 60 to 80 copies per mL when retrospectively
testing 1,806 blood products transfused in a hematology
ward. In contrast, studies reported in the plasma manu-
facturing sector have reported much lower prevalence,
ranging from 0.008 to 0.04 percent; it is notable that these

ey

TABLE 1. Quantitative PCR and antibody results on confirmed-positive specimens*
Viral load Number of confirmed-positive IgM-positive and IgM-equivocal and
(IU/mL) specimens : IgG-positive 1gG-positive IgG-positive only
<20 : 21 1(5) 1(5) 19 (90)
20 to <102 1 2(18) ¢ (0) 9 (82)
102 to <10° 8 4 (44) 1 (1) 4.(44)
10% to <10* 3 3(100) 0(0) 0 (0)
Total 44 10(23) . 2 (4) 32(73)
* Data are reported as number (%). :
Volume 47, October 2007 TRANSFUSION 1761
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studies used NAT assays that were designed to lack sensi-
tivity so as to only detect units from donors in the stage of
acute viremia with DNA concentrations of more than 10°
or 10° 1U per mL."*?

The generally accepted understanding of the natural
history of B19 infection in immunocompetent individuals
such as blood donors states that viremia occurs approxi-
mately 1 week after infection and persists in high titer for
approximately 5 days. With the development of 1gM anti-
body at approximately 12 days after infection (followed
within days by IgG antibody), viremia levels drop precipi-
tously and viremia usually disappears within weeks.?*%
1gM antibody becomes undetectable after several months
(although this precise duration is unknown) but IgG per-
sists long term and is thought to convey immunity to rein-
fection. As a variation of this usual natural history, plasma
viremia may persist for more than 6 months to several
years in some cases, and recent data suggest that B19 may
persist in other tissue sites (e.g., skin, synovia) for a much
longer period of time in a significant percentage of
individuals.'*16

The antibody findings in our study can be used to
assess the stage of viremia that we detected in our B19
DNA-pasitive donors. We did not detect any B19 DNA-
positive donors who lacked both IgM and IgG antibody
nor did we detect any donors with a DNA concentration at
or above 10° or 10° [U per mL, which would be character-
istic of the several-day interval after infection. Given the
low rate of detection of high-titer DNA in previous studies,
it is not surprising that with the testing of 5020 donations
in this study, we did not detect any such donations. We
also did not detect any donors in the short window period
where IgM antibody is present but IgG is absent. We
detected 10 donors who were positive for the presence of
IgM and IgG (23% of the 44 B19 DNA-paositive donors) and
an additional 2 who were IgM-equivocal. These donors
were probably in a relatively early stage of infection, that
is, within the first several months of acquiring infection.
Consistent with the known natural history of B19 infec-
tion, the IgM-positive, DNA-positive donors had higher
DNA levels than the IgM-negative, DNA-positive donors.
We detected 32 DNA-positive donors who were IgG-
positive only: 28 of these had DNA levels of less than 102 1U
per mL; the median DNA level in these donors (as for all 44
DNA-positive donors) was lower than that previously
reported by other investigators. We believe either that
these DNA-positive, IgG-positive donors were at the tail
end of resolving their B19 viremia or that some of these
donors may have had very-low-titer B19 DNA that per-
sisted for longer than predicted by the standard natural
history model. Future longitudinal studies will be needed
to distinguish these possibilities. The 73 percent preva-
lence of B19 IgG seropositivity and the lack of IgM anti-
body in our B19 DNA-negative control donors were
consistent with reports in other donor cohorts 111225
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B19 infections are known to occur with a spring and
summer preponderance and to vary in annual frequency
in cycles that span several years.” In our study, the B19
DNA prevalence was higher in spring and summer dona-
tions, but did not achieve significance. This may be due
to limitations in sample size or alternatively to our use of
a highly sensitive NAT assay that may have allowed us to
detect B19 DNA-positive donors for a relatively long
period of time after acquisition of infection, thereby
masking the expected temporal findings. The significant
association with younger age (<age 46) may correlate
with an increased likelihood of possible B19 exposure in
young adults from contact with young children or with a
lower degree of susceptibility among previously infected
older adults. First-time donaors showed higher prevalence
of viremia than repeat donors, which may in part reflect
the younger age distribution of first-time donors or
may be due to other unexplained factors as has been
seen with other infectious agents (e.g., human immu-
nodeficiency virus, hepatitis C virus) in the donor
population.?®

The real-time B19 TagMan PCR assay used in this
study gave reproducible results on known standards,
had a low failed run rate, gave a low rate of invalid speci-
mens due to internal control failure, and showed no evi-
dence of sample cross-contamination. Furthermore, the
assay had a high analytic sensitivity at the chosen cutoff
(50% LOD, 1.6 IU/mL; 95% LOD, 16.5 [U/mL). Although
our choice of a relatively high Cr cutoff introduced
nonspecificity on initial testing (presumably due to non-
specific probe binding), our confirmatory algorithm
minimized false-positive results by requiring a reactive
result on a second aliquot subjected to the full extraction,
amplification, and detection procedure before designat-
ing the donation as confirmed positive for the presence
of B19 DNA. :

At present, interventions for preventing B19 transfu-
sion from blood components have not been imple-
mented in the vast majority of developed countries, due
in part to the prevailing view that blood components with
low levels of B19 DNA will not transmit B19 infection.
Recently several authors have cited the need for studies
to verify this hypothesis.!"!? The results of the study
reported in this article have established that there is suf-
ficient statistical power to carry out such a B19 transfu-
sion transmission study with the real-time B19 TagMan
PCR assay to test specimens in the RADAR repository.
This conclusion is based on the demonstrated donor B19
DNA prevalence of 0.88 percent combined with a suffi-
cient number of B19-susceptible recipients in the RADAR
repository; that is, we observed that 22 percent of tested
RADAR recipients were B19 IgG-negative on their pre-
transfusion specimen (data not shown), which was
similar to the 27 percent prevalence of IgG seronegativity
in tested donors. We are now actively engaged in per-



forming a linked B19 transfusion transmission study
using the RADAR repository.
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Molecular mechanism underlying B19 virus mactlvatmn and
companson to other parvoviruses

Bernhard Mani, Marco Gerber, Patricia Lieby, Nicola Boschetti, Christoph Kempf, and Carlos Ros

BACKGROUND: B19 virus (B19V) is a human patho-
gen frequently present in blood specimens. Transmis-
sion of the virus occurs mainly via the respiratory route,
but it has also been shown to. occur through the admin-
istration of conlaminated plasma-derived products.
Parvoviridae are highly resisiant to physicochemical
treatments; however, B19V is more vulnerable than the
“rast of parvoviruses. The molecular mechanism: govemn-
ing the Inactivation of B19V and the, reason for its:
higher vulnerability remain unknown.

STUDY DESIGN AND METHODS: After Inacuvaﬂon of
B19V by wet heat and low pH, the integrity of the viral
capsid was examined by immunopredp(latxon with two
monocianal antibodies directed to the N-terminal of VP1
andtoa confonnauonal epltope in VP2, The accessibil-
ity of the viral DNA was quamilahvely analyzed by

a hybridization-extension assay and by nuclease
treatment.

RESULTS: The mtegdty of the viral parﬁdes was main-.
"~ tained during the inactivation procedure' however, the

capsads became totally depleted of, viral DNA. The
DNA—depIeled capsuds although not infectbus were
able to attach'to target cells, Comparison studies with
other members of the Pan/owridae family revealed a
remarkable instabifity of 819V DNA in its encapsidated
state. L ,
CONCLUSION: fractivation of B19V by heat or low pH
Is not mediated by capsid disintegration but by the con-
version of the infectious virions into DNA-depleted
capsids. The high instabllity of the viral DNA in its
encapsidated state s an-exclusive featurs of B19V,
which explainis its lower res:siance to lnachvauon
treatments.

19 virus (B19V) is the only well documented

human pathogen of the Parvoviridae family.

The virus belongs to the genus Erythrovirus. In

most cases, the infection is either asymptom-
atic or accompanied by mild nonspecific symptoms. The
most common syndrome caused by B19V is'an erythema-
tous rash illness named erythema infectiosum affecting
children. B19V is also the causative agent for transient
aplastic crisis, which may have severe effects on patients:
suffering from sickle cell disease and other anemic ili-
nesses. Chronic infections accompanied by pure red celt
aplasia and anemia affect immunocompromised patients.
Furthermore, B19V may cause, fetal death, autoimmune .
diseases, and arthropathies.}

B19V is a widespread pathogen. The serologic evi-
dence of a past infection is 40 to 60 percent for young
adults and 80 to 100 percent for elder people.** Owing to
its high prevalence, blood donations are frequently con-
taminated with B19V, The measured incidénce of con-
tamination depends on the sensitivity of the detection
method and ranges from 0.003 percent’ (immuriodiffu-

sion) to 1.2 percent (polymerase chain reaction [PCRI) of * **

blood donations examined.*? Because plasma pools are
constituted of hundreds of donations, B19V DNA is found
in the majority. of plasma pools as determined by PCR.#10
The contamination of plasma-derived products, such as
coagulation factors VIl and IX, human serum albumin, -
intravenous jmmune globulin, intramuscularly injected

ABBREVIATIONS: B19V = B19 virus; MVM = minute virus of
mice; PBSA = phosphate-buffered saline containing 1 percent
bovine serum albumin; PLA, = phaspholipase A2.
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immune globulin, prothrombin complex concentrate and

antithrombin IIT has been reported.5%11.12 Therefore, there -

is a risk of transmitting B19V through the administration
“of plasma-derived products. In these studies however, the
contamination was demonstrated with the presence of
B19VDNA with PCR, which does not necessarily prove the
presence of infectious virus. Nevertheless, direct evidence
of B19V transmission through the administration .of
plasma-derived products has also been shown in several
case studies.*'s Moreover, patlents that receive such
medication on a regular basis show a higher prevalence of
B18V-specific antibodies than control groups.!”” Alto-

gether, the contamination of plasma-derived - products,
_indicates a potential risk of a B19V infection for the treated
patient with potentially severe consequences for pregnant®

women and anemic and immunocompromised patients.

. To achieve maximal safety for plasma-derived élinical
products, pathogen safety guidelines have been estab-
lished, as a result of which manufacturers must demon-
-strate the effective elimination of viral agenits during the
manufactyring process of their products: Virus ‘elimina-

ton-is demonstrated either with the relevant pathogen -
itself or with:one or several closely related model viruses. -
To date, there is no; conivenient cell culture infectivity test -

for B19V. For-this reason, animal parvoviruses such as
- bovine parvovirus, canine parvovirus, porcine parvovirus,
“or minute virus.of mice (MVM) are often used for valida-

tion studies regarding the inactivation of B19V, Parvovi-

ruses.are.among:the-most stable viruses and have been"
shown to resist many common physicochemical inactiva--

tion procedures. B13V inactivation can be achieved with
dry orwetheat,'*2 as well as with low or high pH, 22 yvVC
irradiation,?* or photochemical reactions.® Interestingly,
B19V has been found to be more readily inactivated than
other parvoviruses. Whereas B19V is inactivated beyond
the detection limit after 10 minutes at 60°C or after 2 hours
atpH 4, canine parvovirus, MVM,? and porcine parvovi-
rus'® can.withstand 1 hour-at 60°C without considerable:

inactivation. Similarly, the treatment of MVM atpH 4 for !

_ 6hours only moderately reduces its infectivity.® The
reason why B19V is more sensitive to inactivation than
other parvoviruses-is not known. Although different inac-

tivation conditions for B19V have been described; the -
- underlying ' mechanism of B19V inactivation has not yet .
been elucidated. It is generally assumed that the inactiva- -

tion occurs through -capsid disintegration because the

viral genome becomes accessible to DNases."s% we have °
shown in a recent study, however, ‘that after mild heat
treatments, the DNA from B9V and MVM cén be ren:

dered accessible without capsid disintegration.

In this study we have analyzed the B19V capsid rear- |

Tangéments - occuring -dutingthe inactivation process.

The results revealed a sequence of structural transitions

preceding capsid disintegration. The critical transition,
which resulted in full virus inactivation, was the dissocia-
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"1

. conditions L

* Viral suspensions in’' PBS were heat-treated
fubes for 3 or 10 minutes in a preheated thermoblock. A. ;

 probe was used to monitor the temperature of the suspen-.
sion. After the temperature treatment, the samples were
rapidly cooled on icé and immediately used for subse- -

tion of the viral DNA from the still intact capsid. Compari-
son studies revealed that the DNA release from intact
capsids is a common feature among parvoviruses but
occurs much more prematurely in B19V, explaining its
lower resistance to inactivation procedures.

MATERIALS AND METHODS

Cells and viruses

Human UT7/EPO cells were propagated in RPMI 1640
supplemented with 5 percent fatal calf serum (FCS) and
2U per mL recombinant hurhan erythropoietin (EPO;
Janssen-Cllag, Midrand, - South ‘Africa) at 37°C. and
5 percent CO;. UT7 cells were provided by A. Groner (CSL
Behring, Marburg, - Germany). Two B19V-containing

“plasma samples (Genotype 1) were obtained from two

infected individuals (S-1 and $-2) and did not contain
B19V-specific immunoglobulin' M or immunoglobulin G
(IgG) antibodies. B19V was concentrated from Infected
serum by ultracentrifugation through 20 percent sucrose,

The' viral pellet was washed and resuspended i
Phosphate-buffered saline. (PBS); All ‘other parvovuuse

Exposure of viral particles to Inactivation

quent reactions. For pH treatmeats, the viral suspensions

were acidified by adding MES-buffered saline until the -
desired pH was' achieved and Incubated for 2 hours at"
37°C, After the treatment, the pH of the viral suspension

was neutralized by dilution (1:100) into PBS or in PBS con-

taining 1 percent BSA (PBSA). Additionally, the heat sen-
sitivity of B19V in citrate buffer, which has been recently. .
.. reported to confer héat resistance to B19V® was exam- .

ined. The viral suspension was diluted in citraté buffer

(0.5 mol/L trisodium citrate, 0.1 mol/L NaCl, pH 7) or in
*" PBS‘and exposed to heat as specified above.

" Infectivity assay

Titration of BI9V was performed by limited dilution in

'quadtuplicate. UT7 cells were seeded on 96-well plates .
(3% 10* per well) in RPMI, containing 2 U per mL recom-

binant human EPO and 5 percent FCS. Virus was diluted
geometrically by the factor 10 in RPMI. An equal volume of
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diluted virus was added to each well and incubated at37°C
in 5 percent CO,. After 4 days, the cell culture volume was
carefully removed and cells were fixed with a solution of
ice-cold methanolacetone (1:1, v/v) for 1 hour at 20°C,
After fixation, the cells were air-dried, washed with PBSA,
and incubated with a mouse antibody against B19V (1:40
diluted in PBSA, clone R92F6 IgG;, Novocastra, Newcastle
upon Tyne, UK) for 1 hour at room temperature. The cells
were washed with PBSA, and as secondary antibody, a
conjugated F(ab"), fragment of goat anti-mouse immuno-
globulins. was added (1:50 dilution, DakoCytomation,
Glostrup, Denmark] for 1 hour at room temperature. After
final washings with PBSA, the cells were overaid with

50 pL of glycerin:PBS solution (1:1) and examined under

fluorescence microscope. The infectivity titer was calcu-
lated with the Spaerman-Kirber method.®

Assessment of B19V capsid integrity

After exposure to heat or low pH, the integrity of the viral
capsid was examined by immunoprecipitation with two
different antibodies. One antibody is directed to a VP2
conformational epitope (monoclonal antibody [MoAb]

860-55D), which: exclusively recognizes capsids and not -

denatured proteins. Another antibody recognizes an
epitope In.the N-terminal of VP1 (MoAb 1418):3 The
immunoprecipitation was performed overnight at 4°C in
the presence of 20 yL of protein G PLUS-agarose (Santa

Cruz Biotechnology, Santa Cruz, CA) and 0.5 to 1 jtg anti-

body in a total volume of 120 uL PBSA. The supernatant
was carefully removed, and the beads were washed three
times with PBSA. Immunoprecipitated viral capsids were
resolved -by: sodium- dodecyl sulfate (SDS)-10 percent
polyacrylamide gel electrophoresis (PAGE). After the

transfer to-a polyvinylidene fluoride membrane, the blot

was probed with a mouse anti-B19 VPs (1:500, US Biologi-
cals, Swampscott, MA), followed by a horseradish
peroxidase-conjugated secondary antibody (1:20,000
dilution). The viral structural proteins were  visualized
with a chemiluminescence system (Pierce, Rockford, IL).

Assessment of B19V DNA accessibility

Subsequent to the temperature or pH treatments, the
presence of externalized viral DNA was examined by a
hybridization-extension assay as previ- . B

MOLECULAR MECHANISM OF B19V INACTIVATION

time PCR. Alternatively, the presence of externalized viral
DNA was examined by the treatment of the viral suspen-

_sions with DNase I (10 U, Amersham Biosciences, Piscat-

away, N]) overnight at room temperature in PBS
containing 6 mmol per L MgCh. The viral DNA was puri-
fied and quantified as specified below.

Quantitative PCR

The viral DNA was quantified with a real-time PCR system
(LightCycler, Roche Diagnostics, Rotkreuz, Switzerland).
PCR was carried out with the FastStart DNA SYBR Green
kit (Roche Diagnostics) following the manufacturer’s
instructions. For the detection and quantification of
probe-extended DNA generated from the hybridization-
extension reaction, a forward primer specific for the 5
virus-unrelated tail of the probe and a downstream virus-
specific reverse primer were used. All probes and primers
used are shown in Tables | through 3.

Assessment of the viral DNA-capsid association

To verify whether the exposed viral DNA s still associated
to the capsid or otherwise dissociated, the BI9V capsids
were immunoprecipitated with MoAb 860-55D as indi-
cated above. The amount of viral capsid protein and viral
DNA present in the immunoprecipitated and supernatant
fractions was analyzed by SDS-PAGE and quantitative
PCR, respectively.

FACS analysis

The presence of B19V on the cell surface was quantita-
tively analyzed by flow cytometry. UT7/EPO cells were
infected with eithey intact or heat-inactivated B19V (100
copies/cell) under conditions allowing the binding but
not the internalization of theé virus (4°C). The cells were
washed three times and incubated with an anti-B19V'
capsid MoAb (5 ug/ml, 8293, Chemicon International,
Temecula, CA) at 4°C for 1hour in PBS containin,

‘2 percent FCS, followed by an incubation with fluorescein

isothiocyanate (FITC)-conjugated rat anti-mouse IgG
(5 pg/mL, A8S5-1, BD Biosciences, San Jose, CA) at 4°C for
1 hour. The cells were analyzed by flow cytometry with a -
flow cytometer (FACScan, Becton Dickinson, San Jose,

ously described.?® Briefly, a probe con-
sisting of a virus-specific 3-end and a - TABLE 1. Probes used for the hybridization-extension assay
virus-unrelated 5’-end was hybridized - Viras 5 V‘,f"?'mif‘ce?led o 3" virus-specific
to the target viral ;DI:IA and subse- BISV CGATCCGACTCACACCTGGACC. . . ... . .. CCGCCTTATGCARATG
quently ' extended - with sequenase BPV GGGCGAAGAACGGTGGATTAA. . . . ... .. CGAGGACAGRTGGACE
(3.25 U, USB, Cleveland, OH). The cpv - GGGCGAAGARCGGTGGATTAA. . . ...... GCGGTTTGTGTGTTTA
. : H1 - CCACAGAGGTCCAAGCACGCA. . ...... . AGCGGTTCAGAGAGTT
extendec! probe.was purified w“h,a PCR MVM GGGGRTGCGGGGAGTGTACGGGC. ... . . . GATAAGCGGTTCAGGG
‘purification kit (QIAquick, Qiagen, . | ppy AGGCGGTTCATGCGTGGATAG. . . . . .. .. GTTGCTTACTTCAGTT
Valencia, CA) and quantified by real- :

p
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t. pH and !empemtute treatments for- 2 hours and 10 minutw
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TABLE 3. Primers used for B19\I genome
etection

Forward prlmet . Reverse primer
TGGGGCAGCATGTG‘I"I‘AM CACAGGTACTCCAGGCACAG

TABLE 4. Eﬁect of temperature and low-pH
] treatnients on B19V lnfecﬂvlty

S-1* S-2
Stock . 4.75¢ 6
pH 7.4% 4.85 535 . ;
pH4 - ‘=248 =2.37§ =248 22.87
3r°C. . L 4.1 51 ;. :
60°C o 52.482162 =248 =2.62

*.84 aMSZa:eserumsamplesoﬂwoh(ededlndeuals
1t W’e’rs'aregivenh log TOIDg per mL.

- CA). Data acquisition and analysis were conducted with .
software (CellQuest Pro, BD Biosciences). The percenmge

of cells having B19V on their surface is indicated:iit the

upper right quadxant of each panel.

RESULTS

“B19V. inactivation by heat and low-pH treatments
Two different conditions, 60°C for 10 minutes and pH4 for s
2 hours, were evaluated for their capacity to inactivate
B19V. After these treatments, an immunofluorescence
infectivity assay was performed as described above. The

- applied heat or low-pH treatments resulted in the reduc-
* tion of the virus infectivity beyond the detection limit
(Table 4). These results are consistent with previous data

on the mactivatJon of B1gV/16213

-

Bigv Inactlvation by heat or low pH Is not caused
by capsid di slntegration .

Subsequent to the inactivation treatments by heatand low
PH, the integrity of the viral capsid was examined. Viruses

were lmmunoprempltated with MoAb -860-55D against
a VP2 conforinational epitope, which- recognizes only
¢:apsids.’l The results showed that the inactivating heat

1768 TRANSFUSION Voliime 47, October 2007

. treatments did not cause capsid disas-
TABLE 2, Primers used for PCR after the hybridization-extensuon sembly (Flg. 1A). The capsid integrity
— assay - p was also examined with an antibody
Virus . tomwal p‘ﬁlle( everse er
specific to N-VP1.
B19V  CGATCCGACTCACACCTGGACC CCCCGGTAAGGTCAAGCTTAGAAGC a?t h VPL. As Shw;n in Fig. 1,
BPV  GGGCGAAGAACGGTGGATTAA CCCCOCACATAGTTCATAGAAGGCT er heat inactivation of BISV, VP2
CPV  GGGCGAAGAACGGTGGATTAA TCCATTGCTATITGTGCTCCTGTA . could be immunoprecipitated with the
H-1  CCACAGAGATCCAAGCACGCA CCGCCCCTCGTTGTAGAGACTTC antibody directed to N-VPL. iddis-
MVM  GGGGATGCGGGGAGTGTACGGGC CCAACCATCTGATGCAGTAAACAT it y Clrecte ;?N:P eC:pSld dis
PPV AGGCGGTTCATGGGTGGATAG CCGTTITGTGAGGCTCTCGATT Integration was only observed increas-
. ing the incubation times at 60°C

(Fig. 1B) or increasing the terperature
above 60°C (Fig. 1C). As expected, tteatments at 85°C
resulted in the complete destruction of the viral capsids.

Similarly to the temperature treatment, inactivation’
of B19V by low-pH treatment was not caused by capsid

disintegradon. As shown in .Fig 1D, viral capsids

remained assembled after exposure for 2 hours at pH4.
Moreover, exposure to more severe acidic conditions
(pH 3) did not cause capsid disintegration.

B19V inactivation by heat or low pH is due to the
release of the viral DNA

After the heat and low-pH lnacﬁvauon treatments, the
accessnblllty of the viral DNA was examined with -4
hybndlzauon-extensmn assay, as described above. The -
results showed: that while the viral capsid remained: -
assembled, - the . viral- genome, however,-. became fully - :

accessible, The amount of ‘accessible viral DNA: was

similar to that detected after complete: disintegmuon of .

the viral capsids at 85°C (Figs. 24, 2B). .

To detérmine whether the DNA- thaf had become.
_ accessible by the inactivation treatments was still associ-

ated thh thevirus mpsld or otherwise dissociated, viruses
were immunoprecipitated with the MoAb against capsids,
and the DNA content in thesupernatant and immunopre-

cipitated fractions was determined with quantitative PCR. .
-As expected, in the untreated virus samples, all the viral .
DNAwasxmmunoprecipitated and onlyaminoramountof - -
. DNA was detectable in-the supernatant, Exposure of
" viruses to the temperature of 60°C or higher, however, '

resulted in total release of the viral DNA from the capsids
(Fig. 20). The same results were obtained after inactivation
"at pH 4 for 2 hours (Fig. 2D), indicating that the inactiva-

tion mechanism of B19V by heat or low-pH treatments was -
‘similarly caused by the conversion of the infectious DNA-

oontaining virions into nomnfectious empty capsids. -

B19V DNA is not externalized and the infectivity is
‘preserved when using citrate as thermostabilizer

It has been recently reported -that in the presence of -

citrate, B19V becomes resistant to inactivation by pasteurl-

zation. Citrate is used as a protein stabilizer in the -

preparation of some plasma-derived products.® The
‘mechanism by which the presence of citrate considerably
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Fig. 1. Effect of inactivation by heat or low pH on B19V mpsid.lnicgrity. After the
exposure of B19V to diffetent conditions, the intact capsids were immunoprecipi-
tated and analyzed by Western blot. The immunoprecipitation was performed with
an antibody directed to a VP2 conformational epitope (MoAb 860-55D), except for
the right section in A, where an antibody recognizing an epitope In the N-terminal of
VP1 (MoAD 1418) was used.™ The immunoprecipitations were performed after expo-
sure 10 (A) 60°C for 10 minutes, (B} Increasing incubation times at 60°C, (C) increas-
lng incubation temperatures, and (D) after exposure o low pH.

increases the heat resistance of B19V
remains unknown. We have examined
and compared the heat sensitivity of
B19V in PBS and in a buffer containing
citrate, as specified under Materials and
Methods. The results confirmed that
although the virus was fully inactivated
in PBS, the presence of citrate conferred
heat resistance and the virus could
not be inactivated (data not shown), As
expected, the viral DNA became fully
accessible after the heat treatment of
B19V in PBS but was not externalized in
the presence of citrate (Fig. 3).

The inactivated DNA-depleted
capsids preserve their capacity to-
bind cells

The capacity of the heat-inactivated
B18V particles to bind the target cells
was tested. The same amount of inacti-
vated and infectious B19V was added to
UTY7 cells under conditions that allowed
only viral binding and not internaliza-
tion (4°C). Subsequently, flow cytometry
analysis was performed with a B19V
capsid proteins antibody as described
above. The results revealed that the
heat-inactivated and the infectious
B19V bound to UT7 cells with a similar
efficiency (Fig. 4).

B19V shows a unique DNA
externalization pattern among
parvoviruses

B19V is more readily inactivated than
other parvoviruses. To- understand the
reason for this difference, the external-
ization of the B19V DNA was compared
to that of other parvoviruses. B19V,

‘bovine parvovirus, canine parvovirus,
_H1, MVM, and porcine parvovirus were

exposed to increasing temperatures for
3 minutes, and the amount of accessible
DNA was determined with the
hybridization-extension assay. The rate
of externalization was remarkably
similar among all the examined viruses
except for B19V (Fig.5). At 50°C,
approximately 40 percent of the B19V
virions externalized their DNA, whereas
barely any externalized DNA could be
detected in the case of the other par-
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» voviruses, Although 60°C treatment leads to the external-
ization of nearly alithe BIQV genomes, the -éxternalization

in the rest of the tested viruses was at -approximately .

20 percent and in the range of40 to aopercent at 70°C.
These results imply that the reason for the faster inactiva-

o TRANSFUSION Vokme 47.0ctober200_7

the enmpsxdated state.

e ‘fTo date, l;he lack ofan: approp
' .gife BI9V has’comiplicated

Fig. 2, Effect of inactivation by heat or low pH on B19V DNA
accessibility and release. (A, B) Effect of inactivation on Bigv
DNA accessibility. The externalized DNA (%) refers 10 the
amount detected at 85°C. (C, D) Effect of inactivation on B19V
DNA release (dissociation from the capsid). Viral DNA (%) in
r‘ela_tion to the input is shown. -

Genome coplas

DNase |

PBS . Cimte

Fig. 3. Sensitivity of msv DNA to DNase I after heat treatment
in PBS or in citrate buffer.

tion of B19V is due to the higher mstabihty of its DNA in

culture to propa-

this virus. In contrast, optimal cell systems are available
for many animal parvoviruses. For this reason, they are

commonly used in validation studies as models for BI9V.

For an unknown reason, however, B19V has been shown to
be more easily inactivated than the other members of the
Parvoviridae famﬂy”-’-’ Therefore, the ammaI parvovi-

ruses do not mimic the effect of inactivation. procedures
on B19V® Although different inactivation conditions for
B19V have been dscribed \__underlymg mechanism of

* the inactivation and the Teason for its higher vulner-

ability to physicochemical condmons have not yet been

elucidated.

In'this study we have exammed the structural capsxd
rearrangements occurring during the inactivation of B1gV.

» For this purpose, we have applied two different proce-

dures previously shown to efficiently Inactivate BI9VI$2#

_ 'One is'the exposure of the virus to heat (60°C for 10 min), -
~ and the, other is the exposure to acidic conditions (pH4

for2 |hr). Our results demonstrated that the first structural
transition determming B19V inactivation is not the disin-
tegration of the capsid, which remained intact (Fi ig. 1), but
the loss of the viral DNA (Fig. 2). Interestingly, the heat
sensitivity of B19V largely depends on the composition of
the buffer. In a recent report, it was shown that a solution -

_containing citrate conferred heat resistance to B19VZ
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range of 10° to 10° molecules per microliter for all viruses. (L]
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In our studies, we have confirmed this observation and
found that in the presence of citrate, the viral DNA
. remains encapsidated (Fig. 3).
The release of the viral DNA in response to het treat-
ment was also detected in other parvoviruses (Fig. 5).
* Quantitative studies revealed that the kinetics of DNA
externalization were surprisiogly similar in all tested

viruses with the exception of BI9V, where it occurred pre-.

maturely (Fig. 5). The remarkable instability of the viral

DNA in'its encapsidated conformation explains the lower

resistance of B19V to inactivation treatments.

The mechanism by which the intracellular environ-

ment destabilizes the parvovirus partcles resulting in the

release of the viral DNA is not fully understood. Growmg

evidence, however, indicates that parvovirus uncoating is
performed without the need to disassemble the highly
rigid capsid.***3 A series of capsid transitions triggered
by the low endosomal pH seems to play a critical role by
rendering the capsid flexible enough to allow the release
of the viral DNA.* Among these transitions is the exposure
of N-VP1. Increasing experimental evidence suggests that,
the conformational change leading to N-VP1 externaliza-
tion leads also to DNA externalization 34 Sustaining this
notion is the observation that under mild acidification
(pH 5), B19V externalizes N-VP1 sequences, and the viral
DNA becomes accessible although mostly associated with
the capsid.®* In contrast, low pH treattnent of MVM
externalizes neither the N-VP1* nor the viral DNA.2°
Figure 6 represents schematically the progressive capsid
rearrangement steps occurring during the inactivation of
Biov. :
As a result of the inactivation conditions applied in
the present study, two major viral components were gen-
erated, empty capsids and free viral DNA, which might
still have certain biologic activity., It has been recently
shown that free genomic Kilham rat virus DNA induces
innate ‘immune activation and autoimmune diabetes
through the TLR9 pathway;* however, whether B1SV DNA
or capsid proteins stimulate the innate immune system is
not known. It-Hhas béen increasingly acknowledged that:
pathogenic manifestations of B19V can also be elicited by
the virus capsid proteins alone without infection, For
instance, it has been shown that VP2 proteins are able to
block hematopoiesis in vitro and in vivo.® The phospho-
lipase A2 (PLA,) activity of B19V is thought to contribute to
inflammatory and autoimmune manifestations®# and is
suspected to be responsible for the arthropathies caused -
by B19V as well*! Although internal in native capsids, the
VP1-PLA; motif becomes accessible upon exposure to

* Volume 47, October 2007 TRANSFUSION - 1771

123



MANIET AL.

‘B19V.cdpsid transitioris
- - during inactivation

A

@fuﬂcaps'!& - NVP1
Osmp_tyea;is'ld ?/1 DNA

F’g. 6. Schemaﬁc reyresentadon of che BISV capsld strucmral

transitions during inactivation. The | first su-uctural rearrange- ©

ments observed after mild heat or low-pH treatments of BigV.
is the Q:ternalization of N-VP1 sequences,* includingthe v
PLA;. modfand the accessibility of the viral DNA.* At higher
tempentnm or more acidic eondidons. the viral DNA is
dissocfated from the capsid. Finaﬂy,thevixalparddels
dxsimegnted. '

 heat orlow pH = 'I‘herefore. although not infecuous, the” §
.inactivated capsids are enzymatxmlly active. The binding

of the PLA-active capsids to cells (Fig. 4), eth‘er'

or not; might still have certainbiologic eﬂ’ect_ Itseems very'

1772 . TRANSFUSION Volume 47, Ockober 2007 -~

unlikely, however, that such effects could be elicited
through the administration of plasma-derived products
containing inactivated B19V intact capsids. First, there
may not be any intact capsids present in plasma-derived
products due to the application of procedures of virus
removal and/or inactivation, which are by far stronger
than the ones applied in the present studies. Second, to
elicit biologic activities other than virus replication, a large
amount of B19V capsids or genomic viral DNA would be

_ required. Synoviocyte migration for instance has been
" shown only to occur at a concentration of 10" virions per
‘mL.* Also, Norbeck and colleagues® use 10" protein mol-

ecules per mL in an assay that showed the inhibition of
hematopoiesis by VP2. Such high concentrations are
simply not possible in plasma-derived products.

In summary, the molecular mechanism underlying
the inactivation of B18V has been elucidated. The first
structural transition determining B19V inactivation is not
the dlsmtegration of the capsid but the release of the viral
DNA. Comparison studies revealed that although the DNA
release from intact capsids seems to be a common feature
within the Parvoviridae family, it occurs much more

promptly and to a higher extent in B19V, explaining its

lower resistance to inactivation treatments.
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Background and Objectives Parvoviruses are small non-enveloped DNA viruses,
relatively resistant to virus inactivation procedures. The recently identified human
parvovirus PARV4, including a related genotype 2 virus (also termed PARVS5), has
been found to be a contaminant of pooled plasma used in the manufacture of plasma-
derived products. This report describes an investigation to determine whether PARV4
is present in clotting factor concentrates.

Materials and Methods Factor VIII concentrates manufactured in the past 30-
35 years were screened for PARV4 and human parvovirus B19 (B19V) sequences.
Viral loads in products testing positive for PARV4 were quantified using a consensus
TagMan assay designed to a highly conserved region. DNA sequence analysis was
performed to confirm the genotypes present.

Results From a total of 175 lots of factor VII concentrate, 28 of these contained -
PARV4 sequences, and in two lots both genotypes 1 and 2 were found to be present.
The highest viral loads observed exceeded 10° copies per ml. The majority of factor
VIII concentrates testing- positive for PARV4 were manufactured in the 1970s and |
1980s. Human B19V was also a frequent contaminant of these products.

Conclusions PARV4 was detected in 16% of factor VIII concentrates, particularly in
older batches from the 1970s and 1980s. The significance in terms of the viral safety
and potential transmission to recipients of these products is not yet known.

Key wards: factor VI, genotype, PARV4, PARVS, parvovirus, virus contamination.

Introduction

infectiosum, aplastic crisis, arthropathy and hydrops fetalis
{2]). B19V is normally transmitted via the respiratory route;

PARV4 was originally identified in plasma from a patient with
symptoms of acute virus infection following high-risk behaviour
for human immunodeficiency virus 1 (HIV-1) transmission,
but subsequently confirmed to be HIV-1 negative {1]. This
patient was an intravenous drug user, infected with hepatitis

B virus (HBV), with a range of symptoms including fatigue,

vomiting and diarrhoea, sore throat, neck stiffness and Jjoint
pains. Phylogenetic analysis showed that PARV4 did not closely
resemble other known human or animal parvoviruses {1].
Parvovirus B19 (B19V) is the prototype human parvovirus,
infecting erythroid progenitor cells leading to erythema

Correspondence: S. A. Baylis, Division of Virology, National Institute for
Biologicat Standards and Control, Blanche Lane, South Mimms, Potters Bar,
Hertfordshire ENG 30G, UK '

E-mail: shaylis@nibsc.ac.uk

however, transmission also occurs through the administration
of contaminated blood products and solvent/detergent-treated
plasma and can result in clinically apparent infection [3-6).
Since 2004, European regulations have required that manu-
facturers of certain plasma derivatives, including anti-D
immunoglobulin and plasma pooled and treated for virus
inactivation, screen pooled plasma for B19V by nucleic acid
amplification techniques (NAT), and this has led to a reduction
in the levels of B19V present in manufacturing start pools [7}.
NAT screening for B19V has now been widely implemented
by manufacturers.

We have recently demonstrated the presence of PARV4
and a related variant virus (termed PARVS), in pooled plasma
used in the manufacture of plasma-derived medicinal products
[8]: These viruses are frequently detected in 4-5% of these
pools with viral loads of up to 10° copies per m! of plasma.
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In the case of blood donors, PARV4 and PARVS have been
found in approximately 2% of individuals and at a higher
frequency in febrile patients [9). Sequence analysis shows
that PARV4 and PARVS share ~92% nucleotide identity over
a 4860-bp region [10], similar to the level observed between
B19V genotypes 1-3 {11}, to which BARV4 shares ~45% nucle-
otide identity. At the amino acid level, PARV4 and PARVS
sequences are more conserved, and this is especially the case
for the second open reading frame (ORF2), encoding the viral
capsid-like protein, such that PARV4 and PARVS are likely
to represent a single serotype [10). This sequence analysis has
led to the proposal that PARV4 and PARVS should be referred
to by a singlé virus name, PARV4, comprising genotypes 1
and 2 (previously PARVS). In this study, we have investigated
the presence of PARV4 genotypes 1 and 2 in clotting factor
VII concentrates, manufactured over the past 30-35 years.
We have also examined these products for the presence
of B19V. :

Materials and methods

Factor VIII concentrates

Coagulaﬁbn» fai;tor VI concentrate products received at the
National Institute for Biological Standards and Control (NIBSC)
were stored at 4 to ~20 °C until analysis. A total of 175 lots of
12 factor VIII concentrate products, from 10 manufacturers
(named A-J), were investigated. Products were manufactured
over a 30- to 35-year period, with expiry dates ranging
between 1974 and 2005. Factor VIII product details are further
described in Table 1. '

Table 1 Detection of PARV4 and B19V in factor VIl concentrates

Nucleic acid extraction

Factor VIII concentrates were reconstituted in sterile distilled
water according to the manufacturer’s instructions. Total
nucleic acid was extracted from 1 ml of reconstituted
concentrate using the MagNA Pure LC instrument (Roche
Applied Science, Mannheim, Germany) and was eluted in
50 pl as previously described [7].

Screening for PARV4 in factor VIII concentrates

Factor VIII concentrates were initially screened for the
presence of PARV4 genotype 1 and 2 sequences using a
gel-based polymerase chain reaction (PCR), using primers
specific to ORF2 of PARV4 [9). We have previously confirmed
the specificity and sensitivity of these primers to be one to 10
copies of PARV4 sequences. The presence of PARV4 in factor
VI concentrates was confirmed by DNA sequence analysis
of amplification products. Amplicons were purified using
the QIAEX Gel Extraction kit (Qiagen, Hilden, Germany).
Sequencing was performed using the BigDye Terminator vi-1
Cycle Sequencing Kit (Applied Biosystems, Warrington, UK},
using the T7 promoter primer and the pUC/M13 reverse primer.
Following removal of dye terminators, using the DyeEx 2-0
Spin Kit (Qiagen), sequencing reactions were run on an AB]
3130XL Genetic Analyser (Applied Biosystems). ‘

Quantification of PARV4 in factor VI concentrates

Following the initial screening of factor VIII concentrates for
PARVY, viral loads in samples testing positive for these

Number of
Product/ Number of M
manufacturer  Expiry date - lots tested  Purification process. Virus inactivation PARV4  B19V
1/A 1874-1978 37 Precipitation None 3 23
208 1976-1977 ' Precipitation None 1 2
3/c 1976-1978 Precipitation None 3 5
4D 1977-1978 . 2 Precipitation None i 2
SfE 1977-1980 . 55 Precipitation .. Noné 14 9
6/C 1985 1 . Precipitation Dry heat (68 °C, 72 h) 1 1
4fF _ove8s ‘ Frtcipitation and adsorption Wet heat (heptane} (60 °C, 20 h) 1 !
7€ © 1985-1987 8 Precipitation and adsorption Dry heat (68 °C, 72 h) 0 5
8/A 1986 4 Precipitation (plus further purification)  Steam treatment (60 °C, 10 b) 3 4
9/EGH -1997-2004 16 Monoclonal antibody Pasteurization (60 °C, 10 h) 0 2
101 1998-2002 13 Monoclonal antibody Solvent/detergent 0 7
1 7199922003 13 Precipitation ‘ Dry heat (80 °C, 72 h) i 7
12/ 2001-2005° 18 Solvent/detergent, dry heat (80 °C, 72h) 0 .2

Affinity chromatography

Total number of positive lotsfnumber
of lots tested

- -
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viruses were determined using a real-time PCR assay designed
to a highly conserved region of PARV4 as previously described
[9,10). The primers used in this assay are directed towards a
region of ORF2 of PARV4 that is highly conserved between
the two genotypes. A standard curve was generated from
plasmid DNA containing the 103-bp ORF2 PCR product.

Detection of B19V DNA in factor VIII concentrates

Coagulation factor concentrates were additionally tested for the
levels of B19V DNA using an in-house PCR assay as previously
described [7]. This assay detects B19V genotypes 1-3.

DNA sequence analysis of a variable region of
ORF1 of PARV4

Using a multiple sequence alignment of near full-length PARV4
genomes (GenBank accession no. DQ873386-91) [10], primers
were designed to a variable region of the PARV4 genome.
Primers PARV3SF (5" TTCCTACTGGATTTCTCTCCAACC 3')
and PARVS96R (5 GGTAAGGCAATAGCACCITGAGG 3)
were used to amplify a 562-bp region of ORF1 of PARV4
(corresponding to nucleotides 317-878 of PARV4 genotype
1, GenBank accession no. AY622943, and nucleotides 151-712
of PARV4 genotype 2, GenBank accession no. DQ873390),
from extracted factor VIl samples. Amplification reactions
were performed using the proof-reading enzyme Phusion™

Hot Start DNA Polymerase (Finnzymes 0Y, Espoo, Finland) '

as described previously [8). For thermal cycling, a T3 thermal
cycler (Biometra, Géttingen, Germany) was used with the
following cycling conditions: 98 °C for 30 seconds, followed by
45 cycles of 98 °C for 10 seconds, 59 °C for 30 seconds and
72 °C for 20 seconds. Amplicons were analysed by agarose
gel electrophoresis and compared with known size markers.
Amplification products were purified as before, and cloned
into the pT7 Blue vector according to the manufacturer's
instructions (Novagen, Darmstadt, Germany). Sequencing
was performed as previously described and was analysed
using the GCG-software package, version 10-2 (University of

Wisconsin, Madison, WI, USA). Sequences were aligned

using Clustal W [12], and a neighbour-joining tree (nucleotide
distance with Jukes—Cantor correction, pairwise gap deletion)
with bootstrap resampling (100 replicates), was constructed
using MEGA3 software [13]:

Results
Contamination of factor VIII concentrates with
human parvoviruses

A total of 175 lots of 12 factor VII concentrate products,
from 10 manufacturers, were examined for the presence of
PARV4 and B19V DNA by PCR. The expiry dates on these lots

© 2007 The Authors)
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Expiry of lot
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Fig. 1 Prevalence of parvoviruses PARV4 and B19V in factor Vil
concentrates manufactured over the past 30-35 years. The number

of lots testing positive for PARV4 (C), 819V (2223), both PARV4 and
B19V (¢z73), and those testing negative for these viruses )

are shown.

ranged from 1974 to 2005. As shown in Table 1, 16% (28/
175) of lots tested positive for PARV4, while 40% (70/175) of
lots tested positive for B19V DNA. The majority of factor VIII
products testing positive for PARV4 DNA had an expiry date |
of pre-1990 [23% (27/115) of lots expiring 1974-1989 tested
positive for PARV4, while only 29 ( 1/60) of lots expiring
1990-2005 tested positive for PARV4 DNA] (Fig. 1). In
contrast, there was no significant difference in the prevalence
of B19V in factor VI products expiring pre- and post-1990
[45% (52/115) of lots expiring 19741989 tested positive for
B19V, while 30% (18/60) of lots expiring 1990-2005 tested
positive for B19V DNA] (Fig. 1).

PARV4 ORF2 PCR products amplified by the gel-based
assay were sequenced, and the majority determined to be of
PARV4 genotype 2 (Table 2). In two factor VI products both
PARV4 genotype 1 and 2 sequences were amplified and
sequenced. Viral loads of PARV4 in factor VIII products were
determined by a consensus sequence real-time PCR assay [9],
designed to detect a highly conserved region of ORF2 of
PARV4. Viral loads ranged from < 100 to more than 3 x 10°
copies per ml of product (Table 2), with the majority of
contaminated lots containing 4-5 log,, PARV4 copies per ml
of product (Fig. 2). The levels of B19V were as high as
25 x 10° [U/ml of product (Table 2). ' s

Manufacturing plasma pools relating to these factor VIII
products were only available for the most recent factor VIII

- products. Factor VIII product number 28 {Table 2} had an

expiry date of 2003, and was manufactured from two plasma
pools 28A and 28B. Plasma pool 28A tested positive for PARV4
genotype 1 DNA by PCR with a viral load of 3-3 x 10° copies
per ml of plasma, while pool 28B tested negatwe for both
PARV4 genotypes.
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Table 2 Levels of PARV4 and B19V in factor Vil concentrates testing positive for PARV4 DNA

Product/ PARV4 PARV4 viral load B19V viral load
Factor VHI manufacturer Expiry date genotype® (log,, genome copies per m! product) (tog,, 1U/mi product)
1 1/A 1976 2 <200° 840
2 1977 1 1-89 671
3 1977 182° N 764
4 2/8 1977 2 3N : 259
5 3fc . 1976 2 182 491
§ 1977 2 328 , B 533
7 " 1978 1 186 ‘ 275
8 4/D 1977 2 248 222
9 SJE 1977 2 175 -
10 1977 2 410 239
n 1977 2 482 505
12 1978 2 415 -
13 ~ 1978 2 436 -
14 1979 2 266 : -
5 ) " 1980 1 43 644
16 1980 182 301 - -
17 1980 2 439 -
18 1980 2 549 _
19 : 1980 2 503 . -
20 ‘ 1980 2 237 : -
2 ' 1980 2 430 -
22 1980 2 200 -
23 : 4fF 1985 1 <200° 457
24 Ll " 1985 1 132 579
25 . 8/A 1986 1 408 715
26 _ 7 1986 2 381 585
27 ' 1986 2 453 436
28 10 , 2003 1 232 -

*Determined by sequencing of ORF2 amplification products.

S0RF2 amplification products were determined to be PARV4 genotype 1 sequences, while the amplified variable ORF1 region was determined to be PARV4

genotype 2.

“Factor VIIl lot tested positive for PARV4 DNA by qualitative PCR but the vural load was below the level of quantlﬁca'uon by real-time PCR, and was therefore

given an arbitrary viral load of < 2 log,, genome copies per mi product.
-, product tested negative for B19V DNA.

Analysivs:of PARV4 sequencés

Previous analysis of PARV4 sequences showed that ORF1
was slightly less conserved than ORF2 [10]. We therefore
amplified and sequenced a 562-bp variable region at the 5

end of ORF1 from 26/28 factor VIII concentrates testing

positive for PARV4 sequences. It had not been possible to
amplify the 562-bp variable ORF1 region of PARV4 from factor

VIII products 7 and 9 (Table 2). Both PARV4 genotype 1 and

- 2 sequences were amphﬁed from factor VIII product number
16 (Table 2). Phylogenetic analysis of these PARV4 sequences
shows that they fall into two distinct gengnc clusters, repre-

senting genotypes 1 and 2 (Fig. 3). Across the two genotypes,
PARV4 nucleotide sequences amplified from factor VIII )
products differ from each other by greater than 11% over the _

Journal compllatmn © IQEBIackwell Publishing Ltd., Var

region sequeﬁced. Within each genotype, all PARV4 sequences
. amplified from factor VII concentrates were greater than

99% homologous (at the nucleotide level, over the 515-bp
region sequenced), despite products being manufactured over
a 30- to 35-year period. In fact, several PARV4 genotype 1

~and 2 sequences amplified from factor VIII products

manufactured as early as the mid- 1970s were 100% identical
at the nucleotide level, over the 515-bp region sequenced, to
the recently identified respective strains BR10749 (genotype

1) and BR10627 {genotype 2) [10].

Discussion

We recently demonstrated the presence of the newly‘ldeenaﬁed_
human parvovirus PARV4 including the related ge

LI
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Percentage of contaminated factor VII! tots

nq 1 2 3 4 s
Viral load (log,, genome copies/ml)

Fig. 2 Viral DNA loads of PARV4 (log,, genome copies per ml) in

contaminated factor VIll concentrates. ng, not quantifiable.

virus (previously termed PARVS} in manufacturing plasma
pools, with these viruses detected in approximately 5% of
pools [8,9]. In this present study, we have detected PARV4
viruses in products derived from such plasma pools, specifi-
cally in coagulation factor VIII products, manufactured over
. the past 30-35 years. Information regarding the source of
plasma used in the manufacture of products examined in this
study was difficult to obtain as it is not provided with the
products. These details could only be obtained for the most
recent factor VIII product testing positive for PARV4 DNA.
This factor VIII concentrate had an expiry date of October
2003, and was manufactured from two plasma pools in
September 2000. Donations relating to these plasma pools
were collected in or after July 1998 from paid donors from
the USA. This suggests that viruses detected in these factor
VIII products may date from up to-5 years prior to the expiry
date on the product. Details from other manufacturers of
recent factor VIII concentrates (testing negative for PARV4)
also indicate that donations relating to these products were
sourced up to 5 years prior to the expiry date.

The prevalence of PARV4 in factor VIII concentrates was
found to be greater in products expiring pre-1990 than in
those with an expiry date of post-1990. This difference in the
prevalence of PARV4 in factor VIII products over time may
reflect the introduction of blood safety measures from the
mid-1980s in response to the HIV epidemic, in particular, the
introduction of screening tests for HIV and hepatitis C virus
(HCV) (in 1986 and 1991, respectively), and virus inactiva-

tion of manufacturing plasma pools (introduced in the mid--

1980s). The screening of blood donations for HIV and HCV

identified ‘high-risk’ donor groups, such as homosexual -

males and individuals with a history of intravenous drug use
(IVDU), and these groups were subsequently excluded from
donating blood [14]. Factor VIII products tested in this study

© 2007 The Authorfs)
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Fig. 3 Phylogenetic analysis of a 515-bp region of ORF1 of PARV4 amplified
from factor VIl concentrates. Sequences are named according to factor VIl
number and expiry of lot (Table 2). The alignment includes other recently
sequenced strains of PARV4 genotype 1; PARV4 original (GenBank accession
no. AY622943), BR10749-4 {GenBank accession no. 00873386). BR11955-4
{GenBank accession no. DQ873388), A23-4 {GenBank accession no. DO873389)
and C51-4 {GenBank accession no. DQ873387); and PARV4 genotype 2,
BR10627-5 {GenBank accession no. DA873390) and C25-5 {GenBank accession
no. DQ873391}. The PARV4 original strain was sourced from the index case
patient in 2004 [1]. Strains BR10749-4 and BR10627-5 were identified in our
preliminary study of plasma pools [8], while the other strains were identified
in further screening studies of manufacturing plasma pools [9}. Strains
BR10749-4, BR11955-4 and BR10627-5 were from plasma samples received
at NIBSC between 2004 and 2005, while A23-4, C51-4 and C25-5 were
received at NIBSC 1990-1993. The alignment also includes the corresponding
niucleotide sequences of porcine parvovirus 2 (PPV-2) (GenBank accession
no. AB076669) and B19V-Au genotype 1 virus (GenBank accession no.
M13178) as outgroups. Genetic distance and bootstrap values are indicated.
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with an expiry date of post-1990 are likely to originate from
plasma sourced from screened ‘low-risk’ blood donors.
Therefore, the reduced prevalence of PARV4 in more recently
" manufactured factor VI products may be a result of the
removal of specific ‘high-risk’ donor populations.

Virus inactivation using a variety of heat treatments was
introduced into the manufacturing process of existing
coagulation factor products in the mid-1980s, before the
implementation of HIV and HCV screening. The effective-
ness of these treatments, for HCV particularly, varied greatly,
depending on the duration and temperature of heating and
whether the product is in liquid form or lyophilized [15,16].
Other virus inactivation procedures include solvent/detergent
treatment, which is effective against enveloped viruses [17,18].
Animal parvoviruses, such as canine, bovine and porcine
parvoviruses, and minute virus of mice, were used to inves-
tigate the effectiveness of virus inactivation of plasma prior
to the development of cell culture-based assays for B19V, By
virtue of their small size and absence of viral envelope,
animal parvoviruses are relatively resistant to inactivation
by a range of heat and chemical agents [19]. Based on studies
using these model parvoviruses, B19V was also expected to
be resistant to these virus inactivation strategies and unlikely
to be effectively eliminated by dry heat and pasteurization
[5]. However, recent studies using B19V cultures suggest that
it is more susceptible to heat and low pH treatments than
other animal parvoviruses [20-23]). Results here show that
there was not a significant reduction in the prevalence of
B19V DNA in factor VI products manufactured after the
introduction of virus inactivation procedures (B19V DNA
was detected in 41% of products manufactured without virus
inactivation measures vs. 39% of products manufactured
using virus inactivation steps). However, it must be noted
that virus inactivation procedures such as heat and low pH
treatments do.not physically remove viral DNA, which may
still be detectable by NAT. The effect of virus inactivation
procedures on PARV4 remains to be determined; however,
the reduced prevalence of PARV4 in factor VI products
manufactured with virus mactxvanon (8% in virus inactivated
products vs. 22% in products manufactured without virus
inactivation) may suggest that these viruses are susceptible
to virus inactivation treatments. The increased prevalence of
PARV4 in factor VI concentrates expiring in the late 1970s
and mid-1980s may also result from epidemics of infection as
.hasbeen observed for B19V [2]. Our investigation of recent and
archived manufacturing plasma pools for PARV4 identified
an increased prevalence of these viruses in plasma pools

received from one manufacturer between 1991 and 1992, which

may be the result of seasonal and/or epidemic variation [9].
PARV4 viral loads in these factor VII concentrates were as
high as 5 log,, per ml of product, while the levels of BI9V
were as high as 8 log,, per ml of product. The higher levels
- of contaminating PARV4 and B19V viruses were confined to

the older factor VIII concentrates (expiring pre-1990).
Considering that downstream purification and processing of
manufacturing plasma pools will alter the viral loads present
in subsequent plasma-derived products, viral loads in these
factor VIII concentrates correlate well, albeit being approxi-
mately 1 log,, lower, with the levels of PARV4 and B19V
detected in recent and archived plasma pools [8,9]. In these
manufacturing plasma pools, the viral loads of these viruses

typically range up to 6 log,, per mi of plasma for PARV?, and

up to 9 log,, per ml of plasma for B19V.

In manufacturing plasma pool samples previously examined
for the presence of PARV4, we found that genotypes 1 and
2 were detected in approximately equal proportions [8,9].
These samples were received at NIBSC for plasma pool testing
between 2005 and 2006, but also included archived samples
received between 1990 and 1993. In this present study, we
detected a greater prevalence of PARV4 genotype 2 over
genotype 1 in factor VIII concentrates manufactured in the
past 30-35 years (21 products testing positive for PARV4
genotype 2 sequences vs. nine products testing positive

for PARV4 genotype 1 sequences). As the majority of these -

PARV4-positive factor VIII products had expiry dates of
pre-1990 and were likely to have been manufactured from
blood donations collected before the mid-1980s, these results
suggest a temporal change in the prevalence of PARV4 geno-

types over the past 30-35 years. A similar temporal change in -
parvovirus genoprevalence has been suggested in the case of -

B19V genotypes 1 and 2, where both genotypes were equally
detected in the tissues of individuals born in the 1950s or

carlier, while genotype 1 viruses were predominantly detected

in'the tissues of individuals born in the 1960s and later [24].
Further evidence for a temporal succession of infection
with PARV4 genotype 1 over genotype 2 has recently been
reported in HIV infected patients [25).

Although positive PCR results do not necessarily reflect
infectivity, the detection of PARV4 DNA in coagulation
factor VIII concentrates in this study raises questions as to
whether PARV4 has been transmitted parenterally to the
recipients of such products. PARV4 was originally identified
in an individual who was a daily injecting drug user and it is
possible that he acquired the virus through this route {1]. In
addition, we have identified an increased incidence in the
detection of PARV4 in febrile patients, including IVDUs and
homosexual men (9], and in individuals infected with HCV
(including IVDUs) [26]). An increased prevalence of PARV4 in
HIV—mfected individuals has also recently been rep rted [25]

HBV make it impossible tg d ;% 1011}
a role in his symptoms [1]. The
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may cause subclinical infections, and the implications for the
safety of blood and plasma-derived products such as factor
VLI are still not known.
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