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B9V cdpsid transitions
during inactivation

A

) rmcapsid  am- NP1
(O empty capsia Z’l DHA

Fig. 6. Schematic representation of the B19V cap'sid_ structural

transitions during inactivation. The first structural rearrange- -

ments observed after mild heat or low-pH treatments of B19V
is the externalization of N-VPX sequences, including the
PLA; motif and the accessibility of the viral DNA” At higher
temperatures or more acidic cond.ltions, theviral DNAis
dissociated from the upﬁd F‘mally, the viral parﬁcle s . .
d:sintegrated. .

_heat or low pH * Therefore, although not infectious, the

inactivated capsids are enzymatically active. The bmdmg
of the PLA,-active capsids to cells (Fig. 4), whethier specnﬁc
or not, mighe still have certain biologic effect_ Itseems very
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unlikely, however, that such effects could be elicited
through the administzation of plasma-derived products -
containing inactivated Bi9V intact capsids. First, there
may not be any intact capsids present in plasma-derived
producis 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 biclogic activities other than virus replication, alarge
amount of B19V capsids or genomic viral DNA would be

" required. Synoviocyte migration for instance has been
" shown only to aceur 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
slmply not passible in plasrea-dérived products.

In summary, the molecular mechanism wnderlying
the inactivation of B19V has been elucidated. The first
structural transition determining B19V inactivation is not
the disintegration 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 treaiments.

ACKNOWLEDGMENT

‘The authors acknowledge S. Modrow [Regensburg. Germany) for
providing the monoclonal antibodies 860-55D and 1418 against

. capsids and N-VP1, respectively.

"‘REFERENCES.

1. Heegaard ED, Brown XE. Human parvovirus B19. Clin
Microbiol Rev 2002;15:485-505.

2. Prowse G, Ludlam CA, Yap PL. Human parvowms B19 a.nd

- blood products. Vox Sang 1997;72:1-10.

3. Candotti D, Etiz N, Parsyan A, Allain JP. Identification and
characterization of persistent human erythrovirus infec-
tion in blood donor samples. ] Virol 2604;78:12169-78.

4, Thomas I, Di Giambattista M, Gerard C, et al. Prevalence of
human erythrovirus B19 DNA in healthy Belgian blcod
donors and correlation with specific antibodies against
structural and non-structural viral proteins, Vox Sa.ng 2003;
§4:300-7.

5. Tsujimura M, Matsushita X, Shirald H, Satcn H, Okochi K,
Maeda ¥, Human parvovirus B19 infection in blood
‘donors. Vox Sang 1995;69:206-12,

" 6. Wakamatsu C, Tekakura F, Kojima E, et al. Screening of

blood donors for buman parvowrus B19 and charactériza-
tion of the results. Vox Sang 1999:76:14-21.

7. YotoY, Xudoh T, Haseyama K, et al. Incidence of human
parvovirnus B13 DMA detection in blood donots Br} Hae-
matol 1995;91:1017-8. '

8.. Saldanha ], Minor P. Detecﬁon ofhuman parvovirus B19

124



9.
10.

11

12.

13.
14,

15.

16,

17.

18.

19.

20.

2.

22.

DNA in ptasma pools and blood products derived from
these paols: implications for efficiency and consistency of
removal of B19 DNA during manufacture. BrJ Haematol
1996;93:714-9. R !

Schmtdt 1, Blumel! ], Seitz H, Willkommen 1, Lower j, Par-
vovirus B19 DNA in plasma pools and plasma derivatives.
Vox Sang2001;81:228-35.

Zaaljer HL, Koppelman MH, Farrington CP. Parvovirus B19
viraemia in Dutch bieod dorors. Epidemiol Infect 2004;

 132:1161-6.

Plentz A, Hahn J, Knoll A, Holler E, Jilg W, Madrow S. Expa-
sure of hematologic patients to parvovirus B19 as a conr-
taminant of blood cell preparations and biood products.
Transfusion 2005;45:1811-5.

Schoetder B, Becker M, Brackmeann 1, Eis-Hubinger AM.
Contamination of coagulation factor concentrates with
human parvovirus B1% genotype 1 and 2. Thromb
Haernost 2004;92:838-45,

Blurnel 1, Schmidt I, Effenberger W, et al. Parvovirus B 19
transmission by heat-treated clotting factor concentrates,
‘Transfusion 2002;42:1473-81.

Hino M, Ishiko O, Honda KI, et al. Transmission of symp-
tomatic parvovities B19 infection by fibrin sealant used
during surgery. Br } Haematol 2000;108:194-5.

Magsui H, Sugimoto M, Tsuji 5, Shima M, Giddings J,
Yoshioka A. Transfent hypoptastic anemia caused by
primary human parvovirus B19 infection in a previously
untreated patient with hemophilia transfused with a-
plasma-derived, monoclonal antbody-purified factor VIH
concentrate. J Pediatr Hematol Oncol 1999;21:74-6.
Santagostino E, Mannucct PM, Gringeri 4, et al. Transmis-
sion of patvovirus B19 by coagulation factor concentrates
exposed 1o 100 degrees C heat after Iyuph.ﬂ!zal‘ion. Transfu-
sion 1897;37:517-22, ’
Laub R, Strengers P, Parvoviruses and blood products,
Pathol Biol {Paris)-2002;50:339-48,

Blumel J, Schmidt I, Willkommen H, Lower J. Inactivation
of parvoviray B19 during pasteurization of hutpan serurm
albymin, Transfusion 2002;42:1011-8. ]
Miyagawa E, Yoshida T, Takahashi H, et al. Infection of the
erythroid cell line, KUB12Ep6 with human parvovirus B19
and its application to titration of 519 infectivity. ] Virol
Methods 199%;83:45-54..

Prikhod’ke GG, Vasilyeva I, Reyes H. et 2l Evaluation of

a new LightCycler reverse transcription-polymerase chain
reaction infectivity assay for detection of human parvovi-
s B18 int dry-heat inactivation studies. Transfusion 2005;
435:1011-9.

Yunoki M, Tujikawa M, Urayataa T, et af. Heat sensitivity
of human parvovirus B1g [published erratum appeass in
Vox Sang 2003;85:67-8]. Vox Sang 2003;84:164-9.

Blumel j, Bis-Hubinger AM, Stubler A, Bonsch C, Gessner
M, Lower J. Characterization of parvovirus B19 genotype 2
i KUBL2EpS cells, I Virol 2005;79:14197-206.

Boschetti N, Nlederhauser I, Kempf C, et al, Diffarent sus-

MOLECULAR MECHANISH OF B19V INACTIVATION

24,

25,

26.

27.

29,

30.

3L

32

33,

35.

- 36.

ceptibility of B19 virus and mice minute virus to low pH
treatment, Transfusion 2004;44:1079-86.

Cailiet-Fauquet P, Di Giambattista M, Draps ML, etak
Contiruous-flow UVC inradiation: a new, effective, protein
activity-preserving system for inactivating bacteria and
wiruses, including erythrovims B19. ] Virol Methods 2004;
118:131-9, : '

Sugawara H, Motokawa R, Abe H, et al. Inactivation of par-
vovirus B19 in coagulation factor concentrates by UVC
radiation: assessment by an in vitro infectivity assay using
CFU-E derived from peripheral blood CD34+ cells, Trans-
fusion 2001;41:456-61.

Lin 1, Hanson CV, Alter HJ, et al. Inacﬂvauon of viruses in
platelet concentrates by photochemical reatment with
amotosalen and long-wavelength ultraviolet light, Transfu-
sion 2005:45:580-90. -

Boschetti N, Wyss K, Mischler A, Hostettlex T, Xempf C.
Stability of minute virus of mice against témperature and =
sodium hydroxide. Biologicals 2003;31:181-5,

Ros &, Baltzer €, Mani B, Kempf G. Parvovirus uncoating in
vitro reveals a mechanism of DNA release without capsid
disassembly and striking differences in encapsidated DNA
stability. Virology 2006,345:137-47.

Hattori S, Yunoki M, Tsujikawa M, et al. Variability of par-
vovirus B19 to inactivation by liquid heating i in plaSma
products, VoxSamg 2007;92:121-4,

Cavalll-Sforza L. Biometrie: Grundziige biologisch-
medizinischer Statistik. Stuttgart: G. Fischer Verlag; 1574,
Gigler A, Dorsch S, Hemauer A, eral. Generation of neu-
tralizing human monocdional antibodies against parvovirus
B19 proteins. | Virol 1999;73:1974-9.

‘Kasermann F, Kempf C, Boschetti N. Strengths and hmlta-

tions of the modet virus concept. PDA J Pharm Sci Technol -
2004;58:244-9. -

Bleker 8, Pawlita M, Xleinschmidt JA. ¥rapact of capsui
conformation and Rep-capsid intecactions on adeno-
associated viris type 2 genome packaging,  Virol 2006;80:
810-20,

Cotmote SF, D’abramo AM Jr, Ticknor CM, Tattetsall P.
Controlled conformational ransitions in the MVM virlon
expose the VP1 N-terminus and viral genome without par-
ticle disassembly. Virology 1999;254:169-81.

Mani B, Baltzer C, Valle N, et al. Low pH-dependent
endosomal processing of the incorming parvovirus minute
virus of mice virion leads to externalization of the VP1
N-terminal sequence (N-VP1}, N-VP2 cleavage, and
uncoating of the full-length genome. J Virel 2006;80:1015-
24,

Ros C, Gerber M, Xempl C, Conformational changes in the
VP1-unique region of native human parvovirus B19 lead to
exposure of intemal sequences that play & role in virus
neutralizanon and mfecuwty J Virol 2006;80:

12037-24,

Zipris D, Lien E, Nair A, et al. TLRS-signaling pathways are
invelved in kilham rat virus-induced autcimmune diabetes

Valume 47, Qclober 2007 TRANSFUSION 1773

125



o

MANI ET AL.

in the biobreeding diabetes-resistant rat. ] Immuneol 2007;
178:693-701.

. 38. - Notbeck O, Tolivenstam T, Shields LE, Westgren M,

EBroliden X Parvovirus B19 capsid protein VP2 inhibits
hematopoiesis in vitro and in vivo: implications for thera-
peutic use. Exp Hematol 2004;32:1082-7,

39, Lehmaunn HW, Von Landenberg P, Modrow S, Parvovirus
B19 infection and autoimmune disease. Autoimmun Rev
2003;2:218-23,

Lt

1774 TRANSFUSION Volume 47, October 2007

40.

41,

126

Von Landenberg P, Lehmann HW, Kuoll 4, Porsch S,
Modrow S. Antiphospholipid antibodies in pediatric and
adult patients with rheumatic disease are associated with
pavovirus B18 infection, Arthritis Rheum 2003;48:
1939-47. )

Lu}, Zhi N, Wong S, Brown KE. Activation of synoviocytes
by the secyeted phospholipase A2 motif in the VPL-unique
region of parvovirus B19 minor capsid protein. } Infect Dis
2006{193:582-50. ’



F

ZATLN LN

H =374
WEBEE S D (LIEET HNeRe H
ﬁuwﬂe(ﬁﬂﬁudﬁﬂgﬁﬁnsﬁm
QBRI QRO 619 XA S LAy
NAOPAEHOME AT LT TIRME
THCLHEINEHORIR) e LEEY
QTS HS U RS S BT 2 RN TTE
BOT#HY BMAVECROHBEaEnILN
SHR KXY EROVSYEE WEH MWD S

‘¢ L2 "OYHR S RUENT L—0 K L TBMIIT Y SN AN SHETA B el
2L EHEIRG LU | 20 MR B ETFL 0 SNV ¢ 92 FEEEMO W AV 0 @2 S002 BIOYU R Y PAUVd
CME S EBEY YA S RLEWOD YUR WYL AT £ —F IV G B EIAE /1 R BOE ) S $E~08 SEH

HXKORE HEORIZH

FLCLEEIEI RTEOEREE 2.0
URLEZZEHM OB OL O TAEHO
[y @RUS LY ¢ LT - b5
YNBLURYA L L0 619 YA b LeArss =
2ETINGO Iz I
17 FIRIRROSRONRRET (0 " RLBLUT UHEBORBLHHO A A TALNDLHE
ERGyEUEE 1 | DL C0aUEBOTUD YUR MG @ © TR 086T yI N OL6T 218 %97 ORE-LEIMME PaTva<si | B
(o@D D 6 @R UC @AY (09/1) %2 B G002-066T "2 1HAOYCRLF |
WORGBY HUDE Y AR Sils (9TT/LT) %ET Pla.N A O 686T-PL6T selUBIES: 7 ¢ L LR NBMINES 2 N < OFHE VNA VAUV @ <0 L1 YN FW [~
SRS 2TIEO 619 XA b Gkl CUNLNEHMNIMNZEEO QU YRR 6T "YU 2L UREREDIYE 0861 |
D) B O « B (o) | AN 0L61 WY O£ NS T PAUVL *%/C @2 T TOOU008 0T BB Y AL YW “YORGHR 2 2 T | my
@YD LI RRGEEYSEC Y | FHOMINAMILLIE(TEMN AOCHOY wBRUAT L4 PAUVA 3¢ A0 82 G C 0 40 9LT BET-E NI <EH>
RUHYBEEE HUISEHYEE YNBBRLV L TEQPAIYL L L4 NG N RMLFAE NVIRORL RIB A b6 PASVA QIR PATYE | %6
R RHC L DT mﬁ‘m YAl UNEEI LA T LY OY A L—4 B 2% PAEVL 2 ﬁnug—-mmm.wmawﬁumﬁwwmmwmuurmm_m@ Ge~DE m@mAmmhhbu_M*%.wVwV i
‘_\ f\\—ﬂo/\ |\r~ ,.J-e . .,G... w . . om
ﬁw mv o hMﬁw&M%ﬁ Uﬁw MM%M Mﬁm@. w MELNCAERORYZ L ERZ YR WO ETE D T MEH Y PATVI P2 S8y Y OQEW? 2 ¢ LY E WA —
_ ] LHGRHEBANEIEOMEHLHT "@22 (SAUVD) YA ILE T LV &/ TAQBE W PAUVD YA L3N AW RHEH
FEELEH O - BREREROTHE | noy -0 ouSnssitmam 21 MOABRWIEL YA L4 "2 YA L 6 YN QL — O\ < THEY2WEYAL G <HEQTES >
(ZFFHID)
. YAEMII4E~-RLZAOD W/ :
Lhe-1v8 :86-+L007 s1uinsues xoy HREEYY i < e ZH
LA e o (OF=2 08 _
£ AN AAOLNLNY | R —
: THERE B 67 K 113 4002 N A
METSWHETE | gRoSTEIE | HEYB—H HEn REIZHE - SRIEE
Iy
ESEEN SEEE ERER
0l 58 ¥

1-¢ SEYEEIE




8TT -




ORIGINAL PAPER

BENEZ007-024

Vox Sonrguinis {2007) 93, 341-347

© 2007 The Author(s)
Jousnal compilatior: © 2007 Blackwell Publishing Ltd.
OO 10.1111/].1423-0410.2007.00979.x

Human parvovirus PARV4 in clotting factor VIl concentrates

J. F. Fryer, A, R. Hubbard & S. A. Baylis
Division of Virology, Nationol Institute for Biolagicol Standards and Control, Blenche Lane, South Mimms, Potters Bor, Hertfordshire EN6 306G, UK

Received: 27 Aprit 2007,

revised 19 July 2007,

accepted 28 July 2007,
published online 28 August 2007

Background and Objectives Parvoviruses are small non-enveloped DNA viruses,
relatively resistant to. virus inactivation procedures, The recently identified human
parvovires PARV4, including a related genotype 2 virus (also termed PARVS), 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
s 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 VIII concentrate, 28 of these contamed
PARV4 sequences, and in two lots both genotypes 1 and 2 were found to be present.
The highest viral loads observed exceéded 10° copies per ml. The majority of factor

VII 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 VI 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 nat yet known.
Key wards: factor VIII, 'genotype, PARV4, PARVS, parvovirus, virus contamination.

Introduction

infectiosum, aplastic crisis, arthropathy and hydrops fetalis
f2]. 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 symptbms including fatigue,
vomiting and diarthoes, sore throat, neck stiffness and Jjoint
pains. Phylogenetic analysis showed that PARV4 did not closely
resemble other known human or animal parvovinuses [1].
Parvovirus B19 (B 19V) is the prototype human parvovirus,
infecting erythroid progenitor cells leading to erythema

Correspondence: . A. Baylis, Division of Virology, Nationat nstitute for
Biological 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 technigues {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 ml of plasma.
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In the case of blood donors, PARV4 and PARVS have heen
found in approximately 2% of individuals and at a higher
frequency in febrile patients [9). Sequence analysis shows
that PARV4 and PARVS share ~920% nucleotide identity over
a 4860-bp region [10), similar to the level observed between
B19V genotypes 1-3 [11), to which PARV4 shares ~45% nucle-
otide identity. At the amino acid level, PARV4 and PARVsS
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 concenfrates, manufactured over the past 30-35 years.
We have also examined these products for the presence
of B19V.,

Materials and methods

Factor VIII concentrates

Coagulation factor VIII concentrate products received at the
National Institute for Biological Standards and Control (NIBSC)
wete stored at 4 to -20 °Cuntil 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 VIH product details are further
described in Table 1.

Table 1 Detection of PARV4 and B19Y in factor Vill concentrates

Nucleic acid extraction

Factor VI concentrates were reconstiuted 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
5@ pl as previously described [7].

Screening for PARV4 in factor VI concentrates

Factor VI concentrates were initially screened for the
presence of PARV4 genotype | and 2 sequences using a
gel-based polymerase chain reaction (PCR), using primers
specific to ORF2 of PARV4 [9]. We have previously confimed
the specificity and sensitivity of these primers ta be ane to 10
copies of PARV4 sequences. The presence of PARV4 in factor
VIII 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 v1-1
Cycle Sequencing Kit (Applied Biosystems, Wairington, UK),
using the T7 promoter primer and the pUC/M13 reverse primer.
Fallowing removal of dye terminators, using the DyeEx 20
Spin Kit (Qiagen), sequencing reactions were run on an ABI
3130XL Genetic Analyser (Applied Biosystems).

Quantification of PARV4 in factor VIII concentrates

Following the initial screening of factor VIII concentrates for
PARV4, viral loads in samples testing positive for these

Product/ Number of

Number of
positive lots by PCR

manufacturer Expiry date lotstested  Purification process Virus inactivation PARV4  B1gV

1A 1974-1978 37 Precipitation Nene 3 23

218 1976-1977 2 Precipitation None 1 2

3jc 1976-1978 & Precipitation None 3 5

4D 1977-1978 2 Precipitation None 1 2

5/E 1977-1980 55 Precipitation ., None 14 9

§iC 1985 1 Precipitation Dry heat (68 °C, 72 h) 1 1

4F .o 1985 Precipitation and adsorption Wet heat {heptane) (60 °C, 20 h} 1 1

7fE 1985-1987 8 Precipitation and adsorption Dry heat (68 °C, 72 h} 0 5

B/A 1986 4 Precipitation fplus further purification)  Steam treatment (60 °C, 10 b 3 4

9fEGH 1997-2004 1§ Monoclonal antibody Pasteurization (50 °C, 10h) 4 2

o 1998-2002 13 Monoclonal antibady Solvent{detergent 0 7

i " 1998-2003 13 Precipitation Dry heat (80 °C, 72 1) 1 7

1211 2001-2005° 18 Affinity chromatography Solventfdetergent, dry heat (80°C, 720) 0 . . 2_“‘: .

- Total number of positive latsfnumber /175 = 700175~

of lots fested K
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PARV¢ in factor VIII concentrates 343

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—hou_se 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. DO873386-51) [10}, primers
were designed to a variable region of the PARV4 genome.
Primers PARV35F (5" TTCCTACTGGATTTCTCTCCAACC 3)
and PARVS96R (5" GGTAAGGCAATAGCACCITGAGG 37
were used to amplify a 562-bp region of ORF1 of PARV4
(corresponding to nucleotides 317-878 of PARV4 genotype
1, GenBank accession no. AY622243, and nucleotides 151-712
of PARV4 genotype 2, GenBank accession no. DQB73390),
from extracted factor VIII samples. Amplification reactions
were performed using the proof-reading enzyme Phusion™

Hot Start DNA Polymerase (Finnzymes Y, Espoo, Finland}

as described previously [8]. For thermal cyclitig, aT3 thermal
cycler [Biometra, Géttingen, Germany} was used with the
following cycling conditions: 98 °C for 3¢ 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, TSA). 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 VIII 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 Author(s)
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B19V (i223), and those testing negative for these viruses [}
are shown,

ranged from 1974 to 2005. As shown in Table 1, 169% (28/
175) of lots tested positive for PARV4, while 400% {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 PARVY, while only 2% (1/60) of lots expiring
1990-2005 tested pesitive 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 twa factor VIII 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
contaminiated lots containing 4-5 log,, PARV4 copies per m!
of product (Fig. 2). The levels of B19V were as high as
2-5 x 10° [Ufml of product (Fable 2). ' o

Manufacturing plasma poals relating to these factor VIII
products were only availabile for the most recent factor VI

* products. Factor VII product number 28 (Table 2) had an

expiry date of 2003, and was manufactured from two plasma -
pools 284 and 28B. Plasma pool 28A tested positive for PARV4
genotype 1 DNA by PCR with 2 viral load of 3-3 X 10° copies
per ml of plasma, while pool 28B tested negative for both
PARV4 genotypes. S

" Joumal compilation © 2007 Blackwell Publishing Ltd., Vox .S‘angiainis {20]37} 93. 341 —347
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Table 2 Levels of PARV4 and 819V in factor VIl concentrates testing positive for PARVS DNA

818V viral load

Product/ PARVA PARV4 vira! load
Factor VIit manufacturer Expiry date genotype® (log,, genome copies per mil praduct) {log,, WU/ml producd)
1 1/A 1976 2 < 200° 840
2 1977 1 183 571
3 1977 182" 171 764
4 2{8 1977 2 3t : 2.59
3 3fc . 1978 2 182 491
6 1977 2 328 . i 533
7 1978 1 186 : 275
8 4{D 1977 2 248 222
9 sfE 1977 2 175 -
10 1977 2 410 2-39
n 1977 2 482 505
12 1978 2 415 -
13 . 1978 2 436 -
14 1979 2 266 ’ -
15 . © 1980 1 431 644
16 1980 182 301 -
17 1980 2 439 _
18 1980 2 549 -
19 : 1980 2 503 -
20 1980 2 237 -
21 1980 2 430 -
22 1980 2 200 -
23 afF 1985 1 <2:00° 457
24 siC " 1985 1 132 579
25 . Bl 1986 1 408 7415
2 . 1986 2 381 585
o 1986 2 453 436
n il - 2003 1 232 -

*Determined by sequencing of ORF2 ampiification products.

0RF2 amplification products were determined to be PARV4 genotype 1 sequences, while the ampiified variable ORFT region was determined to be PARV4

genotype 2.

Factor VI {ot tested positive for PARVA DNA by qualitative PCR but the vural load was below the level of guantification by real-time PCR, and was therefore

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

Analysis"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 VII 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 I and
- 2 sequences were amplified from factor VII product number
16 {Table 2). Phylogenetic analysis of these PARV4 sequences
shows that they fall into two distinct geneétic clusters, repre-
senting genotypes 1 and 2 (Pig. 3). Across the two genotypes,
PARV4 nucleotide sequences amplified from factor VII
products differ from each other by greater than 11% over the

Journal compilation © Q@ PBlackwell Publishing Lid., Var, Saf

region sequenced. Within each genotype, all PARV4 sequences
amplified from factor VI 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 genolype 1

and 2 sequences amplified from factor VIII products

manufactured as eariy 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

)

o
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Fig. 2 Viral DNA loads of PARV4 {log,, genome copies per mi) in

“contaminated factor Vil concentrates. nqg, 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 preducts 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 VI product testing positive for PARV4 DNA.
This factor VI 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
VI products may date from up to-5 years prior to the expiry
date on the. product. Details from other manufacturers of
recent factor VI concentrates (testing negative for PARV4}
also indicate that donations relating fo these products were
sourced up to 5 years prior to the expiry date.-

The prevalence of PARV4 in factor VII 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 (intraduced 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 VI products tested in this study

© 2007 The Authoris)

factor VI 20 (1980)
Factor VIl 5 (1978)
Factor VIll 27 (1986)
BR10627-5 {2005)
Factor VUL 1 (1976)
Factor VIl 4 {1977)
Factor VIl 17 (1980}
Fagtor VIl 18 (1980)
Factor VIil 8 (1977)
15} Factor Vill 6 (1977)
Factor ViIl 21 (1980)
Factor Vi 18 (1980)
Factor VIil 26 {1986}
7| Factor viil 14 (1979)
2| Factor VIll 12 (1978) -
Factor Vil 13 (1878)
"} c25-5 (1990-3)
of Factor Vill 10 (1677)
Factor VIil 16b {1980)

[-Facgor Vil 11 {1977)
Factor VIl 3 (1977)
9| Factor Vill 22 (1980)
gg A23-4 (1691-2)
BR11955-4 (2005)
C51-4 (1990-3)
Factor Vill 26 (1986)
Factor Vill 23 {1985)
Factar VI 24 (1985)
58| Factor Vit 2 {(1977)
Factor Vill 26 (2003)
46| BR10749-4 (2005)
Factor Vill 15 (1980)
Factor VIH 16a (1980)
PARV4 original (2004)
PPV-2
B19V-Au
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Fig. 3 Phylogenetic analysis of asl 5-bp region of ORF1 of PARV4 amplified
from factor VIll copcentrates. Sequences are named according to factor VI

- number and expiry of ot (Table 2), The alignment includés ather recently

sequenced strains of PARVA genotype 1; PARYV4 original (GenBank aceession
no. AY622943), BR10749-4 {GenBank accession no. DOB?BSSS] BR11955-4

" [GenBank accession no. DOB73388), A23-4 (GenBank accession no. DOB73389)

and C51-4 [GenBank accession no. G873387); and PARV4 genotype 2,
BR10627-5 (GenBank accession no. DOB73380} and (25-5 (GenBank accession
no. DG873391). The PARV4 ariginal strain was spurced 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 ather strains were identified
in further sereening studies of manufacturing plasma pools [9) Strains
BR10748-4, BR11955-4 and BR1G527-5 were from plasma samples recelved
at NIBSC between 2004 and 2005, while A23-4, C51-4 and C25-5 were
received at NIBSC 1880-1983. The alignment also includes the corresponding
niucleotide sequences of porcine parvovirus 2 (PPV-2) {GenBank accession
no. ABO76669) and BT9V-Au genotype 1 virus [GenBank accession o,
M13178) as outgroups. Genetic distance and bootstrap values are indicated.
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