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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.
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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
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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)

Number of lots

BY,

1990 1895 2000 2005

Expiry of lot

1975 1980 1985

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.

Joumal compilation © 2007 Blackwell Publishing Ltd., Var Sang;tinis (2&)7} J?l. 341-347
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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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30 ’—-

25
20+ ]
154

104

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)

Factor VIIf 20 (1980)
Factor VIit 5 (1976)
Factor Vil 27 (1986)
BR10627-5 (2005)
Factor VHii 1 (1976)
Factor VIl 4 (1977)
Factor VIl 17 (1980)
Factor VIl 19 (1980)
Factor Viil 8 (1977)

15} Factor VIl 6 (1977)
Factor Viit 21 (1980)
Factor VIil 18 (1980)
Factor VIII 26 (1986)

67| Factor Vil 14 (1979)

26| Factor Vil 12 (1978) -
Factor Viil 13 (1978)
V255 (1990-3)

Factor VIl 10 (1977)
Factor Vil 16b (1980)

’: -Factor Vil 11 (1977}
Factor VI 3 (1977)
Factor Vill 22 (1980)

9? A23-4 (1991-2)

99

BR11955-4 (2005)
C51-4 (1990-3)

Factor VIl 25 (1986)
Factor VIl 23 (1985)
Factor VIIi 24 (1985)

58] Factor Vilt 2 (1977)
Factor ViIl 28 (2003)

46| BR10749-4 (2005)
Factor Vill 15 (1980)
Factor VHI 16a (1980)
PARVA4 original (2004)
PPV-2
B19V-Au

29

9

—

01

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.

Journal compilation © 2007 Blackwell Publishing Lid., Vor Sariguinis (2p5 93, 341-347
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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.

References

1

[

w

(%]

~

-]

1

oy

12

Jones MS, Kapoor A, Lukashov VV, Simmonds P, Hecht F,
Delwart E: New DNA viruses identified in patients with acute
viral infection syndrome. J Virol 2005; 79:8230-8236
Heegaard ED, Brown KE: Human parvovirus B19. Clin Microbiol
Rev 2002; 15:485-505

Koenigbauer UF, Eastlund T, Day JW: Clinical illness due to par-
vovirus B19 infection after infusion of solvent/detergent-treated
pooled plasma. Transfusion 2000; 40:1203-1206

Hayakawa F, Imada K, Towatari M, Saito H: Life-threatening
human parvovirus B19 infection transmitted by intravenous
immune globulin. Br J Haematol 2002; 118:1187-1189

Laub R, Strengers P: Parvoviruses and blood products. Pathol
Biol 2002; 50:339-348

Wu C, Mason B, Jong J, Erdman D, McKernan L, Oakley M,
Soucie M, Evatt B, Yu MW: Parvovirus B19 transmission by a high-
purity factor VIII concentrate. Transfusion 2005; 45:1003-1010
Baylis SA, Shah N, Mmor PD: Evaluation of different assays for
the detection of parvovu'us B19 DNA in human plasma. J Virol
Methods 2004; 121:7-16

Fryer JF, Kapoor A, Minor PD, Delwart E, Baylis SA: Novel
parvovirus and related variant in human plasma. Emerg Infect
Dis 2006; 12:151-154

Fryer JF, Delwart E, Hecht FM, Bemardin F, Jones MS, Shah N,
Baylis SA: Frequent detection of the parvoviruses, PARV4 and
PARVS, in plasma from blood donors and symptomatic individuals.
Transfusion 2007; 47:1054~1061

Fryer JF, Delwart E, Bernardin F, Tuke PW, Lukashov VV, Baylis SA:
Analysis of two human parvovirus PARV4 genotypes identified
in human plasma for fractionation. J Gen! Virol 2007; 88:2162—
2167

Servant A, Laperche S, Lallemand F, Marinho V, De Saint Maur G,
Meritet JF, Garbarg-Chenon A: Genetic diversity within human
erythroviruses: identification of three genotypes. J Virol 2002;
76:9124-9134 ,

Chenna R, Sugawara H, Koike T, Lopez R, Gibson TJ, Higgins DG,
Thompson JD: Multiple sequence alignment with the Clustal
series of programs. Nucleic Acids Res 2003; 31:3497-3500

© 2007 The Author{s)
Joumal compilation © 2007 Blackwell Publishing Ltd., Vor Sanguinis (ZD@ B3, 341-347

13

18

19

20

2

—

22

23

24

25

26

Kumar S, Tamura K, Nei M: MEGA3: integrated software for
molecular evolutionary genetics analysis and sequence alignment,
Brief Bioinformatics 2004; 5:150-163

van den Burg PJM, Vrielink H, Reesink HW: Donor selection: the
exclusion of high risk donors? Vor Sang 1998; 74:499-502
Guo ZP, Yu MW:. Hepatitis C virus RNA in factor VIII concen-
trates. Transfusion 1995; 35:112~-116

Roberts PL, Dunkerley C, McAuley A, Winkelman L: Effect of
manufacturing process parameters on virus inactivation by
dry heat treatment at 80 °C in factor VIIL Vor Sang 2007; 92:56-
63

Horowitz MS, Rooks C, Horowitz B, Hilgartner MW: Virus safety
of solvent/detergent-treated antihaemophilic factor concentrate.
Lancet 1988; 2:186-189

Horowitz B, Lazo A, Grossherg H, Page G, Lippin A, Swan G:
Virus inactivation by solvent/ detergent treatment and the
manufacture of SD-plasma. Vor Sang 1998; 74:203-206

Sofer G; Lister DC, Boose JA: Virus inactivation in the 1990s -
and into the 21st century: Part 6, Inactivation methods grouped
by virus. Biopharm Int 2003; April:42-68

Bliime! J, Schmidt I, Willkommen H, Lower J: Inactivation of
parvovirus B19 during pasteurization of human serum albumin.
Transfusion 2002; 42:1011-1018

Boschetti N, Niederhauser I, Kempf C, Stiihier A, Lower J, Bliimel
J: Different susceptibility of B19 virus and mice minute virus to
low pH treatment. Transfusion 2004; 44:1079-1086

Prikhod’ko GG. Dry heat sensitivity of human B19 and porcme
parvoviruses. Fransfusion 2005; 45:1692-1693

Roberts PL, El Hana C, Saldana J: Inactivation of parvovirus B19
and model viruses in factor VIII by dry heat treatment at 80 °C.
Transfusion 2006; 46:1648-1650

Norja P, Hokynar K, Aaltonen L, Chen R, Ranki A, Partio EK,
Kiviluto 0, Davidkin I, Leivo T, Eis-Htibinger AM, Schneider B,
Fischer H, Tolba R, Vapalahti 0, Vaheri A, Séderlund-Venermo
M, Hedman K: Bioportfolio: lifelong persistence of variant and
prototypic erythrovirus DNA genomes in human tissue. Proc
Natl Acad Sci 2006; 103:7450-7453

Manning A, Willey SJ, Bell JE, Simmonds P: Comparison of

tissue distribution, persistence, and molecular epidemiology of

parvovirus B19 and novel human parvoviruses PARV4 and
human bocavirus. J Infec Dis 2007; 195:1345-1352

Fryer JF, Lucas SB, Padley D, Baylis SA: Parvoviruses PARV4/5
in hepatitis C virus-infected patient. Emerg Infect Dis 2007;

" 13:175-176



136



LET

AR 21

EFK

MRME WEREE

BB S - BEEK

#ER

B—#MAEH
200842 A 78

FEESREDRX S
AL AP

— &K B A B BEOLRY

MEA(ERA) | BEOLBY

BRBED
AERE

The NEW ENGLAND JOURNAL of MEDICINE

ARE

2008 Feb 6 [Epub ahead of print] Z— Ak

07

REHARLIEM

HEES oy

IR B CRE T L7 RASIROLE 225 MR & FFROOIB0EE B T & ICTEE L7 8 AD KM BRR SN 71 LR
i REFEIBITICE O, Y o/ BREERRRIRAER U L AROFEOT Ly A LA LB Lk,

2006 fF 12 B3 » AMDAT2—T RS 7 OMBFBEN LA —2 F5 U TIZEBE LT 10 BE IS L TEE L
577@%%%&%#6\%mbHMGﬁﬁ%ﬁwt&m¢M?®3A®ﬁ@ﬁ%tttoﬁﬁt%m‘aﬁﬁﬁwﬁ
BIZE DT L ZAHIERM oM, FORMELME > BMEELREL, #BE2Z T 4~ 6 BHD 2007 F 1 B0
n%tttg2A@E%m6%ﬁént%n%nmﬁm&%m®RNA@E§MW%%ﬁLt%%\Uyﬂ&%%%@
%ﬁ&74wx(me)%@ﬁﬁ@?vf&%wzt%bhéﬁﬁ%ﬁﬂﬁ@&énto&tgmm%ﬁtxo\%
EOE, . LR UME?O VANV ZOBEFHA M, REMBLEOMITICL V., BHE SRR OB S &
ANADRFESRHE T, S5, BEME»SIIH YA LR [gM R U IgG Al bR S,

A EOEETBRR -
ZDMBEERE

- BEREORR

SH ORI

RN LBY

HoTWETL,

| AL HBEEBROIREIIE D AHOBRSEORE A

&L




8ET1

R

T

TOANLBET LTIy, OAMETALT IV QAMBT LT I vx QNGB nT YV, OEBRTIVLABARE nT) v, O/

BAKEAREI 0T Y v, QBEBALREARES 0T Y ok, OEBREAEMLT 0T A 2 C, ORBRAEA MRS HVIRT.
OERREALKEESXET, OERARBRAASE/ n7 )Y, @ HBs AE/n7 Yy, @ruvey, @747V /70 m
BXMEF. OEBBRBAT F v eV, Bt 2FIVMARES 07 ) VB, OALET VT I @ARBT VT I %,
BERRTV UV ABAREI 0T Y U QEBANKREESKETFES h, ORBREAT v F bo /U

REA(EHKA)

O, 7 V7 2 2 20 “{bfnbf”, QMMT AT I v 26 “YLiFF”. QAMBET VT Iy O *, @ L’ Ho<—Snr Y,
ORMBES 7Y v “YLaff’, @Ra=ny—1, OX=or*, @FEHATF2 FC2,500 ¥z, @=v7727 bF, @/ /%7
M. BF % ) —5. @~F+t—F. @rurEy “YLa’. @Ere—n, @7 AnErP, @eRFsary, @QF7ALT IV
20% L MnBix, @7 VT I 5%(LmBix, @FEInT ) vk @/ /327 FFx, @7 Au ' P1500 BEHA ‘

FELBOBR

RNA2FT %, TolREBERBEELL, FOERPER, MEOBRBIZL>Te MIEHET 5. LOMV BREITS  ILRER
HHDVIBETHHN, R TIHEREHEACRME, BEKORMELBZTRREH D, MBEBEBEIIBITS LCMV O
.'E&UTﬁ{ElﬁﬁsT‘Ebfwéa}? YANAIVT S VAR END.,

ER 1148530 B)) ICHEV, UV UAARETRTA AR (BVDY), (REERK YA LA (PRV), ¥ VR UA LA (PPV), A
| BFATANA (HAV) ERBMLBRTANVA (EMCV) 2EFAVALNVRLLT, VANATBEANRYTF—Va vEEREL.,

| & LTiZ BVDV %% BY+T2LE2bN3H, LRAYTF—va v OREEND, BVDV O - RELCHREFTHZ L ZHMBLTND,

LCMV %, 7 LT A VR BILBT 5T ~n—7Ilath i EE 30~300nm DFREMKF TH Y, ZBRAD YA F A — K
b b-b B, BECHLBRERH D,
%Fﬁ@mﬂﬁﬁfﬁﬁéﬁld)&ﬁlﬁkl‘l ﬁ’%‘lﬁ / —ll/ﬁ@'llfi A NA %fﬁé)@l&&;6b\6iﬂﬂﬁlﬁ%®ﬁﬁ®§f:6 U A IV RER

EBETROYANNRRE - RECHRIT, (RESENHO VAN RHT EREMBRCETINA N1 (BERRESR 1047 &,

BEF-TWS, SEHE L) v BRIEIRGIESBIEA 7 A L2 (LOCMV) i1, = _u—7OHE, BBROEREENPLET NI A LA

o, ThE CRYBMAIC LD LCMV @%@ﬂ*@“‘lﬁb\
UEDEME, LHMAIX LOMV AT 3 REMARRL TV D L EXD,

OABAEBER T o TV



INF2007-006

The NEW ENGLAND
JOURNAL o MEDICINE

A New Arenavirus in a Cluster
of Fatal Transplant-Associated Diseases

Gustavo Palacios, Ph.D,, Julian Druce, Ph.D,, Lei Du, Ph.D., Thomas Tran, Ph.D., Chris Birch, Ph.D.,

Thomas Briese, Ph.D., Sean Conlan, Ph.D., Phenix-Lan Quan, Ph.D. , Jeffrey Hui,

B. Sc . John Marshall, Ph D,

Jan Fredrik Simons, Ph.D., Michael Egholm, Ph.D., Christopher D. Paddock, M.D., M.P.H.T.M.,
Wun-Ju Shieh, M.D., Ph.D., M.P.H., Cynthia S. Goldsmxti‘ M.G.S., Sherif R. Zaki, M D., PH D.,

Mike Catton, M.D., and W. [an Lipkin, M.D.

ABSTRACT

BACKGROUND
Three patients who received v:sceral-organ transplants from a single donor on the
same day died of a febrile illness 4 to 6 weeks after transplantation. Cuiture, poly-
merase-chain-reaction (PCR) and serologic assays, and oligonucleotide microarray
analysis:for a wide range of infectious agents were not informative.

METHODS

We evaluated RNA obtained from the liver and kidney transplants in two recipients.
Unbiased high-throughput sequencing was used to identify microbial sequences
not found by means of other methods. The specificity of sequences for a new can-
didate pathogen was confirmed by means of culture and by means of PCR, immu-
nohistochemical, and serologic analyses.

RESULTS
High-throughput sequencing yielded 103, 632 sequences, of which 14 represented
an Old World arenavirus. Additional sequence analysis showed that this new arena-
virus was related to lymphocytic choriomeningitis viruses. Specific PCR assays
based on a unique sequence confirmed the presence of the virus in the kidneys,
liver, blood, and cerebrospinal fluid of the recipients. Immunohistochemical analy-
sis revealed arenavirus antigen in the liver and kidney transplants in the recipients.
IgM and IgG antiviral antibodies were detected in the serum of the donor. Serocon-
version was evident in serum specimens’ obtained from one recipient at two time
pointss

CONCLUSIONS
Unblased high-throughput sequencmg isa powerful tool for the dlscoverv of patho-
gens. The use of this method during an outbreak of disease facilitated the identifi-
cation of a new arenavirus transmitted through solid-organ transplantation.
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ETHODS OF CLONING NUCLEIC ACIDS
Mof microbial agents directly from clini-

cal specimens offer new opportunities
for the surveillance and discovery of pathogens.
Molecular techniques have been used successfully
in the identification of infectious agents such as
the Borna disease virus, hepatitis C virus, Sin Nom-
bre virus, human herpesviruses 6 and 8, Bartonella
henselae, Tropheryma whipplei, West Nile virus, and
the coronavirus associated with severe acute re-
spiratory syndrome.* '

The arenaviruses are enveloped, negative-strand .

"RNA viruses in rodents; these viruses are most
frequently transmitted to humans through expo-
sure to infected urine. Infection with the proto-
type virus, lymphocytic choriomeningitis virus
(LCMYV), is typically asymptomatic or associated
with mild, transient illness; however, LCMV has
also been implicated in aseptic meningitis.?
Human-to-human transmission of LCMV during
pregnancy has been reported, and infection dur-
ing the gestational period can result in fetal death,
neurologic sequelae, and chorioretinopathy.® Fa-
tal outbreaks of disease associated with human-
‘to-human transmission of LCMV in recipients of

.solid-organ transplants have also been described.*

We report the use of unbiased DNA sequencing in

" the dlscovery of a new LCMV-related arenavirus

that caused fatal disease in three recipients of or-

-~ gans from a single donor. .

METHODS

PATIENTS AND CLINICAL COURSE

Three women in Australia who were 63 years of
age (Recipient 1), 64 years of age (Recipient 2),
and 44 years of age (Recipient 3) received a liver
transplant (Recipient 2) or kidney transplants
(Recipients 1 and 3) from one male donor who
was 57 years of age. The donor died of cerebral
hemorrhage 10 days after returning to Australia
from a 3-month visit to the former Yugoslavia,

where he had traveled in rural areas. The immedi-
ate post-transplantation course in the three trans-
plant recipients was unrematkable; however, febrile
illnesses with varying degrees of encephalopathy
developed in all three, and they died 4 to 6 weeks
after transplantation (Table 1). Bacterial and viral
cultures; polymerase-chain-reaction (PCR) assays
for herpesviruses 1 through 8; lyssavirus, influ-
enza A and B viruses, respiratory syncytial virus,

picornavirus, adenovirus, human parainfluenza
virus, flavivirus, alphavirus, hantavirus, polyoma-
virus, Crimean—Congo hemorrhagic fever virus,
Rift Valley fever virus, toxoplasma, Mycobacterium
tuberculosis, and Mycoplasma pneumoniae; and viral
and panmicrobial oligonucleotide microarray
analysis* revealed no candidate pathogens.

UNBIASED HIGH-THROUGHPUT SEQUENCING

RNA was extracted from the brain, cerebrospinal
fluid, serum, kidney, and liver of Recipient 1,
who had received a kidney transplant, and from
the cerebrospinal fluid and serum of Recipient 2,
who had received a liver transplant. As shown in
Figure 1, after digestion with DNase I to eliminate
buman chromosomal DNA, RNA preparations
were amplified by means of reverse-transcriptase
PCR (RT-PCR) with the use of random primers.>¢
Amplification products were pooled and se-
quenced with the use of the GSL FLX platform
(454 Life Sciences), but DNA fragmentation was
omitted.” After trimming to remove sequences
derived from the amplification primer and after
filtration to eliminate highly repetitive sequences,

the data set was analyzed by subtracting frigments *
that matched human sequences, clustenng fon=
redundant sequences,® and assembling then irito®
contiguous sequences? for direct Ebmparison with™

the GenBank databases of nucleic acids and pro-

teins with thie use of BLASTN and BLASTX $oft-"
ware.l® We analyzed the resultmg alignmenits'afd” -
assigned them to nodes in thé National Center:
for Biotechnology Information taxonomy database,
using a custom software app[xcauon written in: Perl’

(BioPerl version 5.8.5).

PCR QUANTITATION OF THE ARENAVIRUS BURDEN
RNA obtained from tissues, plasma, serum, and
cerebrospinal fluid was reverse transcribed with
the use of random hexamers. PCR was per-
formed with the use of a SYBR Green assay (Ap-
plied Biosystems). The following cycling condi-
tions were used: 50°C for-2 minutes-and 95°C
for 10 minutes, followed by 45 cycles at 95°C for

-15 seconds and 60°C for 1 minute. Real-time

PCR assays were performed with the following

primer set: 5AGTGCYTGCACAACATCGTTT3 .
(forward) and S'CAATGCCCAGCYTGACAAT3 ’

(reverse). Thermal cycling was performed with

‘the use of an ABI 7500 real-time PCR system

(Applied Biosystems).
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