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Novel Parvovirus
and Related
Variant in Human
Plasma

Jacqueline F. Fryer,* Amit Kapoor,tt
Philip D. Minor,* Eric Delwart,}{
and Sally A. Baylis*

We report a novel parvovirus (PARV4) and related
variants in pooled human plasma used in the manufacture
of plasma-derived medical products. Viral DNA was detect-
ed by using highly selective polymerase chain reaction
assays; 5% of pools tested positive, and amounts of DNA
ranged from <500 copies/mL to >10° copies/mL plasma.

sing a sequence-independent polymerase chain reac-

tion (PCR) amplification method, we recently identi-
fied a new parvovirus in plasma from a patient with
exposures and symptoms consistent with acute HIV infec-
tion, but who was HIV RNA negative (/). Phylogenetic
analyses of sequence data suggest that this virus, termed
PARV4, is only distantly related to previously known
human or animal members of the family Parvoviridae,
including members of the Erythrovirus genus known to
infect humans, such as parvovirus B19. Infection with par-
vovirus B19, although frequently asymptomatic, may
result in erythema infectiosum, arthropathy, pregnancy
complications (e.g., hydrops fetalis), transient aplastic cri-
sis, and disease in immunocompromised patients (2).
Parvovirus B19 is most frequently transmitted through the
respiratory route or vertically from mother to fetus.
However, blood- and plasma-derived medical products,
particularly clotting factors, contaminated with parvovirus
B19 can also transmit the virus (3). Manufacturers of plas-
ma derivatives screen minipools by using nucleic acid
amplification techniques (NAT), which has enabled levels
of erythrovirus DNA to be substantially reduced in start
pools; for certain products, screening is now a regulatory
requirement (4). This study examined pooled human plas-
ma for fractionation to detect PARV4 DNA sequences.

The Study
Samples of manufacturing plasma pools submitted to
the National Institute for Biological Standards and Control

*National Institute for Biological Standards and Control,
Hertfordshire, United Kingdom; {Blood Systems Research
Institute, San Francisco, California, USA; and fUniversity of
‘California, San Francisco, California, USA
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for testing for hepatitis C virus RNA were stored at —70°C
until analysis, in compliance with European regulatory
requirements. Manufacturing pools were sourced from
donations collected in Europe and North America and
received during the previous 6 months. Total nucleic acid
was extracted from plasma pools as described previously

_(4) before analysis for PARV4 DNA.

Using multiple sequence alignments of human ery-
throviruses and comparison with the sequence for PARV4
(1), we designed highly selective primers to the open read-
ing frame 1 (ORF1) of PARV4, homologous to the non-
structural proteins of other parvoviruses. Primers
PV4ORFIF (5'-AAGACTACATACCTACCTGTG-3") and
PV4ORFIR (5-GTGCCTTTCATATTCAGTTCC-3")
amplify a 220-bp region of ORF1. The specificity of these
primers was confirmed by PCR using a cloned fragment of
the ORF1 region alongside erythrovirus control material
(Figure 1A). Each PCR contained 1x PCR buffer II (PE
Applied Biosystems, Warrington, UK), 200 umol/L each
deoxynucleoside triphosphate, 2 mmoV/L. MgCl,, 10 pmol
each primer, and 2.5 U AmpliTaq Gold DNA polymerase
(PE Applied Biosystems) in a final volume of 50 puL. For
thermal cycling, a T3 thermal cycler (Biometra, Gottingen,
Germany) was used with the following cycling conditions:
95°C for 9 min, followed by 45 cycles of 96°C for 30 s,
55°C for 30 s, and 72°C for 1 min. Amplicons were ana-
lyzed by agarose gel electrophoresis and compared to
known size markers. The PARV4 control sequences
(nucleotides 1293-1833 of ORF1, GenBank accession no.
AY622943) were cloned into the vector pT7 Blue accord-
ing to the manufacturer’s instructions (Novagen,
Darmstadt, Germany). The sensitivity of these PCR reac-
tions was 1-10 copies of PARV4 sequences. DNA extract-
ed from 137 pools was screened for PARV4 ORF1
sequences by PCR using 5 pL extracted DNA. Results,
summarized in Table 1, show that 7 of 137 plasma pools
screened with these primers tested positive for PARV4
DNA sequences and those of a related variant, known as
PARVS. Typical results from pools and control plasmid
samples are shown in Figure 1B. DNA sequence analysis
showed that PARVS, over the region amplified, shares
=92% nucleotide identity with PARV4 (Figure 2). Further
sequence analysis around the primer-binding sites showed
that the primers were 100% homologous in both geno-
types. This level of relatedness is similar to that seen for
the different erythrovirus genotypes (7).

The levels of PARV4 in the positive plasma pools were
determined by real-time PCR using the screening primers
from the ORF1 region of PARV4. Amplification reactions
were performed on the LightCycler instrument using the
LightCycler FastStart DNA MasterPLUs SYBR green 1 kit
(Roche Applied Science, Mannheim, Germany) in accor-
dance with the manufacturers’ instructions. A standard
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Figure 1. A) Specificity of primers for PARV4. Samples in lanes
1-5 were amplified by using primers directed to open reading
frame 1 (ORF1) of PARV4. Template DNA in lane 1 was a plasmid
subclone of the PARV4 ORF1 region. In lane 2, the template DNA
was derived from parvovirus B19 iInternational Standard (99/800,
National Institute for Biological Standards and Control, South
Mimms, UK) as representative of genotype 1 erythrovirus
sequences; in lane 3, the template DNA was derived from a geno-
type 2 erythrovirus plasmid clone (A8; obtained from K. Brown,
National Heart, Lung and Blood Institute, Bethesda, MD, USA}); in
lane 4, the template DNA was derived from a genotype 3 ery-
throvirus plasmid clone (D91.1; obtained from A. Garbarg-Chenon,
Hopital Trousseau, Paris, France). Tempiate DNA in the ery-
throvirus samples (lanes 2-4) was adjusted to give =1055 copies
of each genotype per reaction. Lane 5, no template control.
Polymerase chain reaction (PCR) products were analyzed on a
2.5% agarose gel alongside PCR Markers (M) (Promega,
Madison, W1, USA). B) Screening manufacturing plasma samples
for PARV4. Samples in lanes 1-6 were amplified by using primers
directed to the ORF1 region of PARV4. Template DNA in lanes 1
and 2 consisted of 1 x 102 and 1 x 102 copies of the ORF1 sub-
clone of PARVA4. In lane 3, the template DNA was derived from a
plasma pool containing 3.9 x 108 PARV4 genome copies/ml plas-
ma; in lane 4, the template DNA was derived from a plasma pool
containing <500 PARV4 genome copies/mL plasma; in lane 5, the
template DNA was derived from a plasma pool that tested nega-
tive for PARV4 sequences. Lane 6, no template control. PCR prod-
ucts were analyzed on a 2.5% agarose gel alongside PCR
Markers (M) (Promega).

curve was generated from the cloned plasmid DNA con-
taining the ORF1 fragment of PARV4. Levels of PARV4
DNA were as high as 3.9 x 105 copies/mL plasma,
although several pools contained <500 copies/mL plasma
(Table 2). .

Plasma pools found positive for PARV4 sequences
were tested for the levels of erythrovirus DNA as described
previously (4). Only 2 of the PARV4-positive pools con-
tained any human erythrovirus DNA, and these were at
low levels (Table 2). Of the plasma pools found to be pos-
itive for PARV4 sequences, blood products from only 2
were available for further analysis. Both products were
immunoglobulin preparations, and in neither case could
PARV4 sequences be detected.
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Tabie 1. Analysis of plasma pools for PARV4 and PARV5

Manufacturer No. positive/no. analyzed
A 5/12
B 07

. C 0/9
D 2/6
E 0/14
F 0/21
G 0/50
H 0/16
1 0/2

Conclusions

This report is the first to describe novel parvovirus
sequences in pooled human plasma for fractionation.
PARV4 was originally identified in a patient with acute
viral infection syndrome coinfected with hepatitis B virus
(I). As yet, nothing is known about the prevalence of
PARVY4, its possible role in human disease, or whether
PARV4 was transmitted to the original patient from an
unidentified animal host.

Although PARV4 shares limited homology with human
erythroviruses, the latter are frequent contaminants of plas-
ma, pooled and used for fractionation (3). Levels of PARV4
DNA ranged from <500 copies/mL to >10% copies/mL

RMPV
LTMPVY 819
A8p91.1
Vo
PTMPV
BPV3
CHIPMUNKPYV
PARVS PPV2
PARV4
0.1

Figure 2. Phylogenetic analysis of a 178-bp sequence of ORF1 of
PARV4 and PARV5 (GenBank accession no. DQ112361) with
other members of the Parvoviridae subfamily. The alignment
includes the members of the Erythrovirus genus (parvovirus B19
[5]) and related viruses such as VO (6), D91.1 (7), and A6 (8), as
well as the closely related viruses infecting the cynomolgus
macaque (LTMPV) (9) and rhesus (RMPV) and pig-tailed
macaques (PTMPV) (70). Two other viruses tentatively assigned
to the group include a parvovirus isolated from chipmunks (77);
BPV3, a novel bovine parvovirus (BPV3) (12); and porcine par-
vovirus 2 (PPV2) (73). Analysis was performed by using the pro-
gram ClustalWw (14).
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Table 2. Viral loads in plasma pools that tested positive for PARV4 or PARVS sequences

Positive pool  Manufacturer PARV4 viral load (genome copies/mL plasma) Human erythrovirus viral load ({U/mL plasma)
1 A 5x 10° Negative

2 D <500 Negative

3 A 3.9 x 10% 140

4 A <500* 340

5 A 2.1 x 10% Negative

6 A , <500* Negative

7 D Not determined Not determined

*Sequences contaminaling plasma pool represent PARVS and not PARVA4.

plasma. If a single donation with a high PARV4 count was
responsible for the contamination of such a pool, the lev-
els of virus DNA in the original donation would have been
in the order of 10° or 101° copies/mL plasma, given the vol-
ume of the start pool. Because erythroviruses are small,
nonenveloped, and relatively resistant to virus inactivation
procedures, manufacturers of plasma~der1ved products
have used NAT to exclude high-titer donations from man-
ufacturing start pools. Before such measures were intro-
duced, more than half of production start pools contained
erythrovirus DNA, some with titers of 10° copies/mL plas-
ma (4; S. Baylis, unpub. data). The prevalence of PARV4
and PARVS and the titers observed in the pools examined
in this study are much lower than the usual prevalence and
titers observed with erythroviruses. Because of PARV4’s
insufficient homology with human erythroviruses, current
methods of NAT are unlikely to identify donations positive
for PARV4. -

The availability of highly specific reagents for PARV4
and PARVS5 will assist in further studies to elucidate their
possible role in human disease. The detection of PARV4
and PARVS in plasma may have been caused by an epi-
demic at the time of plasma donation. In a recent study that
screened for enteroviruses in human plasma, seasonal
changes were observed in the frequency and level of
viremia (15). Studies to examine the epidemiology of
PARV4 and PARVS infection will help address issues such
as these.

In summary, PARV4, a novel parvovirus, and PARVS, a
related variant, have been identified in plasma used in the
manufacture of blood products. Plasma is obtained from
healthy persons, who at the time of donation are asympto-
matic, despite being viremic for PARV4 or PARVS. Highly
specific and sensitive assays to detect PARV4 will facili-
tate further analysis of the role of this novel virus in human
disease and the implications of virus transmission by con-
taminated blood and blood products.

Note

After this article was submitted for publication, human
bocavirus, a novel parvovirus, was identified in respiratory tract
samples (16). PARV4 and PARVS are distinct from human
bocavirus. For example, comparison of PARV4 (AY622943) with
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human bocavirus strains ST and ST2 (DQ000495 and
DQ000496) shows nucleotide identity of 41% and 40%, respec-
tively.

Acknowledgment
We thank Nita Shah for technical assistance.

Dr Fryer is a scientist at the National Institute for Biological
Standards and Control. Her work focuses on the quality of blood
and blood products with respect to transfusion-transmitted infec-
tions.

References

—

. Jones MS, Kapoor A, Lukashov VV, Simmorids P, Hecht F, Delwart
E. New DNA viruses identified in patients with acute viral infection
syndrome. J Virol. 2005;79:8230-6.

2. Heegaard ED, Brown KE. Human parvovirus Bl9 Clin Microbiol

Rev. 2002;15:485-505.

3. Laub R, Strengers P. Parvoviruses and blood products. Patho! Biol.
2002;50:339-48.

. Baylis SA, Shah N, Minor PD. Evaluation of different assays for the
detection of parvovirus B19 DNA in human plasma. J Virol Methods.
2004;121:7-16.

5. Shade RO, Blundell MC, Cotmore SF, Tattersall P, Astell CR.
Nucleotide sequence and genome organization of human parvovirus
B19 isolated from the serum of a child during aplastic crisis. J Virol.
1986;58:921-36.

6. Nguyen QT, Sifer C, Schneider V, Allaume X, Servant A, Bernaudin
F, et al. Novel human erythrovirus associated with transient aplastic
anemia. J Clin Microbiol. 1999;37:2483-7.

7. Servant A, Laperche S, Lallemand F, Marinho V, De Saint Maur G,
Meritet JF, et al. Genetic diversity within human erythroviruses: iden-
tification of three genotypes. J Virol. 2002;76:9124~-34.

8. Nguyen QT, Wong S, Heegaard ED, Brown KE. ldentification and
characterization of a second novel human erythrovirus variant, A6.
Virology. 2002;301:374-80. '

9. Brown KE, Green SW, O’Sullivan MG, Young NS. Cloning and
sequencing of the simian parvovirus genome. Virology.
1995;210:314-22.

10. Green SW, Malkovska I, O*Sullivan MG, Brown KE. Rhesus and pig-
tailed macaque parvoviruses: identification of two new members of
the erythrovirus genus in monkeys. Virology. 2000;269:105-12.

11. Yoo BC, Lee DH, Park SM, Park JW, Kim CY, Lec HS, et al. A novel
parvovirus isolated from Manchurian chipmunks. Virology.
1999;253:250-8.

12. Allander T, Emerson SU, Engle RE, Purcell RH, Bukh J. A virus dis-

covery method incorporating DNase treatment and its application to

the identification of two bovine parvovirus species. Proc Natl Acad

Sci U S A. 2001;98:11609-14.

F-S

153



DISPATCHES

13.

14.

Hijikata M, Abe K, Win KM, Shimizu YK, Keicho N, Yoshikura H.
Identification of new parvovirus DNA sequence in swine sera from
Myanmar. Jpn J Infect Dis. 2001,54:244-5.

Thompson JD, Higgins DG, Gibson TJ. ClustalW: improving the sen-
sitivity of progressive multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight matrix choice.
Nucleic Acids Res. 1994;22:4673-80.

. Welch J, Maclaren K, Jordan T, Simmonds P. Frequency, viral loads,

and serotype identification of enterovirus infections in Scottish blood
donors. Transfusion. 2003;43:1060-6.

16. Allander T, Tammi MT, Eriksson M, Bjerkner A, Tiveljung-Lindeil
A, Andersson B. Cloning of a human parvovirus by molecular screen-
ing of respiratory tract samples. Proc Natl Acad Sci U S A. 2005;102:
12891-6.

Address for correspondence: Sally A. Baylis, Division of Virology,
National Institute for Biological Standards and Control, Blanche Lane,
South Mimms, Potters Bar, Hertfordshire, EN6 3QG, UK; fax: 44-1707-
646-730; email: sbaylis@nibsc.ac.uk

Search

EID
Online

www.cdc.gov/eid

Emerging Infectious Diseases * www.cdc.gov/eid » Vol. 12, No. 1, January 2006




BIMHERZ — 1
EXS HRBS HERES

-121-

WABS - HEEK #wEH E—HAFH FEEXRSORXS YT T
—mEEH | — ABE
ﬁi%gﬁ&%g) Transfusion (2005) 45 1811-1815.
RES (%28 |- : KE
MR ENEEEEINRERENEET S ENEL. NIH UL IVA BII BAERETERETAZENHSNT FRALOFEELERKRIRR-
w2, ZDiBBEEE

6 4 BREICH=0 | DOMEEBREOBESBICRE IN/-A5 2, 123 mmBH (966 BALOFRMER RBCs) , 630 | MELS (ROBEICIINBICEST S L)
DPEE f/MREE. 235 ORFES/ 07 S BA, 206 BALOFERS MY, 52 07T I BHL 1T ORBERME - Wt - RiERMOBE (L FIUVR
AR (PBPO) 3 7= X BBARIAL, 12 07 > F kO E L IEAL 4 OREBEIR. BEK 10770 /5> | 210208 CREERE I NEar,
WA 12D WT. SILETA LA BIONA AEET BN EIDEBRAD Y T NF A LR AT —VEBRIGE | capnrnst> BN eHERE
(PCR. TagMan i®) iI2L DL FOART T4 TR L7z B3 ENBB. )

B1ODNA |3 Mo R R 17 1 5 X /- iR A0 1% (2, 123 migBiFlh 21 migmsr. | OR\E/ a7 A, 4| - el Fe8E - eflEREORE L

= T~ B J 1 itz < RNV EY A I ABI) OFREREIT
DFINTI S BH. 1 DT 4 TU )5 EHL 3D RBCs. 2 OIBEM/MREA, 7 OFEBEMEmE. 3 O PBPC) TR LA MGttt il

WO IFH NS

HEnsz, e
CORBEIEZEL T, BE 1480 OFMTHEEZT. TOS50 144 (12% 53 BIIDNA Btk O fu RS O 2. FREORMERTY = LV DD, ]
BE 2SN, EEEOBIEIZIIES B o7, ' BEAEFNER

() ABROBEMEE /2D [A P Y-
BA. FEL-BRETR] - BSICERL
TR RO[AK+H7ERTHI L.

1) s EBA ORECMETLRE T, £
XV ED A IVABIY EDTA VAR

PN FHRORIE RENFEL-BRETHZENEETH
EEROBR - B3 AMOBEI L D TOBROT

BIODNA [BTED Mk B (Mg EBF &S &% | SHEH/IERTAIVA BIY ZET 2 MmN ERAOR2EICET S FERICE BHEFBERTERVOT. HE5ROBE

5z X 5@z T AL FOARZF 4 THRED | BEL TV, EHRIERTEE,
£ 2 ey b
iﬁé g)“gib\ o8 25 i {9 C R AR D R HAE 1 gg‘ ggiﬁfm‘ﬁqggﬁﬁ .
o X TWhbn DHHMAI
Wece 1 41 53 A VA B 12 350 T BIIDNA B L ORI ERYE S EE S & HI
B THEZLE2ERL TS, INBBBCOREETHI L. BERD

DG IET 2 LEMITHILL T,
FROFEIZLY E MUVRT IV BIY
OBROTIHEIEEZB/ETE V. BRL
BEHTIBRRAOME GRE. MBIRKE,
JRIRFEL) ANEC BulREtENH B, ]




NIHONSEIYAKU

2005-027

TRANSFUSION COMPLICATIONS

Exposure of hematologic patients to parvovirus B19 as a
contaminant of blood cell preparations and blood products

Annelie Plentz, Joachim Hahn, Antje Knéll, Ernst Holler, Wolfgang Jilg, and Susanne Modrow

BACKGROUND: Patients with hematologic malignancies
often require blood products, and parvovirus B19 is
known to be transmitted by this route. Primary infection
with parvovirus B19 shows a wide variety of disease
manifestation. in immunocompromised patients,
symptoms are severe and viral clearance is delayed or
missing.

STUDY DESIGN AND METHODS: A total of 2123 blood
products given to all patients of a hematologic ward over
a period of 6 months were retrospectively examined for
the presence of parvovirus B19 DNA by an in-house real-
time polymerase chain reaction (PCR; TagMan). Patients
who had received B19 DNA-positive blood products were
further investigated serologically and by PCR for the
presence of parvovirus B19 antibodies and DNA.
RESULTS: Twenty-one (1%) of 2123 blood products
tested positive for the presence of B19 DNA (2% of
pooled products, 0.7% of single-donor products, and
17.6% of allogeneic peripheral blood progenitor cells), the
median viral load was 700 genome equivalents per mL.
During the study period, 114 patients were treated on the
ward, and 14 (12%) of them received B19 DNA—positive
blood components. None of them developed symptoms
of an acute B19 infection, although one had a short low-
level viremia. :

CONCLUSIONS: Although B19 DNA was detected in

1 percent of blood products given to hematologic patients,
the exposure of 12 percent of patients did not result in
symptomatic infections.
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arvovirus B19 is a nonenveloped single-stranded

DNA virus. The infection is associated with a wide

spectrum of diseases.! In the immunocompetent

host, infection leads to lifelong immunity. In
immunocompromised patients, the virus can persist for
several months and years.>® In general, these persistent
infections are associated with viremia and may result in
clinical manifestations such as severe chronic aplastic
anermia or pancytopenia.*

Transmission of parvovirus B19 is usually airborne.
Because high-level viremia regularly occurs during pri-
mary infection, iatrogenic transmission by blood or blood
products is also possible. There are numerous reports on
transmission by this route. In some of them, a temporal
correlation has been documented between the donation
of a pooled blood product’>” or a single-donor
transfusion’® and viremia or clinical signs of infection. In
others, it was proven that the pooled blood products'®?
or single-donor transfusions®# were contaminated with
the virus. In further studies it was shown that the preva-
lence for B19-specific antibodies in groups receiving clot-
ting factors was much higher than in control groups.?*

The aim of this study was to estimate the risk of symp-
tomatic parvovirus infection for a hematologic patient—a
highly immunosuppressed patient who usually receives
many doses of blood cell preparations and blood prod-
ucts—due to donations of blood components. We
screened retrospectively all blood cell preparations and
blood products that had been applied to patients on a
hematologic ward over a period of 6 months for the pres-
ence of parvovirus B13 DNA. We further investigated the
outcome in the patients who received contaminated
blood products.

MATERIALS, PATIENTS, AND METHODS

Investigated blood cell preparations and
blood products

In a 6-month period from February to August 2002, a total
of 2123 different blood cell preparations and blood prod-
ucts that were given to the patients of one hematologic
ward were analyzed retrospectively: 966 units red blood
cells (RBCs), 630 thrombocyte concentrates, 235 immuno-
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globulin doses, 206 units of fresh-frozen plasma, 52
albumin doses, 17 allogeneic peripheral blood progenitor
cell (PBPC) or marrow preparations, 12 antithrombin III
doses, 4 granulocyte concentrates and 1 fibrinogen dose.
Additionally 36 autologous PBPC preparations were
investigated.

Patients

The adult patients on the hematologic ward all had hema-
tologic malignancies and were hospitalized for leukemia
treatment or PBPC or bone marrow transplantation
(BMT). Those who had received contaminated blood cell
preparations or blood products were further investigated.
Charts were reviewed, nonblinded, retrospectively with
regard to clinical symptoms such as persisting anemia,
rash, or arthritis, possibly related to parvovirus B19 infec-
tion. Serum samples that had been sent to our laboratory
for other diagnostic tests were retrospectively tested for
B19-specific antibodies before and by B19 DNA poly-
merase chain reaction (PCR) one to three times three to
35 days after the transfusion.

Methods

PCR of all blood products was performed in duplicates
by a quantitative parvovirus B19 DNA real-time PCR
{System A) with TagMan technology as described before.”
DNA was extracted from 200 pL by the QlAamp blood kit
(Qiagen, Hilden, Germany) and eluted in 100 pL of which
5 pL were used for each PCR. The samples were tested in
pools of five thus using 40 pL of each sample for DNA
extraction. In the case of a positive pool, single samples
were retested and quantified. The sensitivity of this PCR is
100 percent for 600 to 800 genome equivalents (geq) per
mL and 50 percent for 60 to 80 geq per mL. In each run a
(DNA extraction and PCR), serum sample of a serologi-
cally and DNA-negative donor was used as a negative con-
trol. Positive samples were investigated for the presence
of immune complexes with protein A-Sepharose beads as
described before.?? Parvovirus-specific immunoglobulin
G (IgG) and IgM to the viral capsid protein VP2 were
detected by the parvovirus B19 enzyme immunoassay by
Biotrin (Sinsheim-Reihen, Germany).

RESULTS

Blood cell preparations and blood products

Of the 2123 blood components, 21 tested positive for the
presence of parvovirus BI9 DNA. The median viral load
was 700 geq per mL. The highest concentration could be
found in one RBC unit with 2.2 x 10° geq per mL. The high-
est rate of positive samples was found among allogeneic
PBPCs or marrow (17.6%). In addition, 4 of 36 {11.1%)
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autologous PBPC samples were positive. Thus the overall
rate of B19 DNA detection in PBPCs and marrow was
13.2 percent. The distribution of the positive samples
among all (allogeneic) products is shown in Table 1. The
235 immunoglobulin doses were from 13 different lots;
the one that tested positive was the only one from one lot.
The 52 albumin samples were from five different lots. The
four positive samples were all from the same lot, but 17
additional samples from this lot tested negative.

In the 21 positive blood products and blood cell prep-
arations, it was investigated if the viruses are part of
immune complexes because this has an impact on the
infectivity. Free viral genomes are either representing free
virus or free DNA. DNA was present in both immune com-
plexes and free in four plasma samples, the three whole
blood samples, one albumin sample, the fibrinogen prep-
aration, and two PBPC preparations. Free viral DNA only
was found in two albumin samples, two plasma samples,
and the two thrombocyte preparations. Virus DNA exclu-
sively in immune complexes was found in one PBPC prep-
aration. In the immunoglobulin sample, one plasma
sample and one albumin sample, no DNA could be ampli-
fied in either the protein A fraction or in the supernatant
owing to the low viral load in these samples.

Patients

During the observation period, 114 adult hematologic
patients were on the ward. Fourteen (12%) received at
least 1 of the 21 contaminated blood cells or blood prod-
ucts (Table 2). Ten of them had received allogeneic PBPCs
or marrow and four of them were treated for leukemia.
The serologic measures of these patients and the results
of testing for viremia are shown in Table 2. No one devel-
oped clinical symptoms that could be associated with a
parvovirus B19 infection. Only in one asymptomatic leu-
kemia patient, alow level viremia could be detected 5 days
after transfusion of the RBCs that were contaminated with
2.2x10°geq per mL. A consecutive serum sample was
available only 30 days later; this sample tested negative.

TABLE 1. Distribution of blood products and blood
cell preparations tested positive for parvovirus
B19 DNA
: Number Number
Bilood component tested positive Percent
Multiple donor products 300 6 20
Immunoglobulins 235 1 0.4
Albumin 52 4 7.7
Antithrombin il 12 0
Fibrinogen 1 1
Single-donor products 1,806 12 0.7
RBCs 966 3 0.3
Thrombocytes 630 2 03
FFP 206 7 34
Granulocytes 4 0
PBPCs (allogeneic), marrow 17 3 17.6
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TABLE 2. Patients who received contaminated blood components with the respective viral loads

Sex, age Positive blood Viral load Day of Day of PCR result  igG before  IgG before  1gG of
Patient (years) component (geg/mL) transfusion®*  serum PCR (geq/mL) transfusion SCT donor
St Male, 48 PBPCs 600 0 16 - + + +
Fibtinogen 1,400 43 50, 54
s2 Male, 46 FFP <600 (o] 3,517 - + + +
S3 Male, 58 FFP 600 0 6 - + + +
S4 Female, 31  FFP <600 0 3 - + + +
FFP <600 0
FFP 18,000 4 7.14 -
S5 Female, 44  Marrow 18,000 0 4,25 - + + +
S6 Male, 56 Marrow 2,000 0 14, 28 - -1 - +
S7 Male, 37 Albumin <600 o] 4 - + + +
Albumin 700 7
Albumin <600 1" 37 -
Albumin 6,900 59 69 -
S8 Female, 45 RBCs <600 0 3, 1 - + - -
S9 Male, 38 Thrombocytes <600 0 4 17 - + - +
S10 Male, 25 immunogiobuling <600 0 6, 13 - + + +
L1 Female, 65 FFP 1,300 0 ND +
L2 Male, 62 RBCs 2,200,000 0 5 <600 +
RBCs <600 0 35 -
L3 Female, 71  Thrombocytes 1,500 o] 3,18 - +
L4 Female, 64 FFP 6,700 0 ND ND

are related to this day.

sampie available; + = positive; — = negative.

* Day of transfusion of first contaminated component is designated as 0; additional transfusions and dates of PCR from serum of the patients

1 Last serum sample before BMT was available on Day -10, but patient received immunogiobulins thereafter.
Abbreviations: SCT = PBPC or BMT; S = PBPC or bone marrow recipients; L = patients treated for leukemia; ND = not done because no serum

He had tested positive for VP2-specific IgG before. In 11
patients, no viral DNA could be detected in serum sam-
ples 3 to 35 days after transfusions of contaminated prod-
ucts, and in 2 patients, no serum samples were available
for testing.

DISCUSSION

Parvovirus B19 DNA could be detected in 1 percent of all
blood cell preparations and blood products applied to the
patients on a hematologic ward—in 17.6 percent of
allogeneic PBPC or marrow preparations and in
0.9 percent of standard blood components (in 2.0 percent
of pooled plasma products and in 0.7 percent of single
donor products). These rates are within the wide range
found by others, as in 0.006 percent of blood donations,*
in 0.14 percent of single-donor blood products® in
0.16 percent of plasma samples,” in 0.6 to 1.3 percent of
blood donors,** in 12 percent of plasma pools with more
than 10 geq per mL,® in 43 percent of clotting factor con-
centrates,® and in 56 percent of manufacturing plasma
pools.? There are several reasons for the very different
numbers found in diverse studies: first, the investigated
collectives are different; second, the numbers are related
to the sensitivity of the methods used; and third, there are
seasonal variations in transmission and thus viremia.
The median viral load of the 21 samples was quite low
and close to the detection limit of the assay. This explains
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that only 4 of 21 albumin samples from one lot tested
positive.

In some products, the viral genomes were found to be
partly complexed by immunoglobulins, both in cellular-
and in plasma-derived products. Therefore, the presence
of viral DNA neither correlates with infectivity, nor does it
mean the reverse, that the presence of immunoglobulins
would correlate with protection. Because the virus load in
B19 infections can be 10 geq per mL serum, neither
immunoglobulins contained in a blood product nor the
dilution in pooled products can be sufficient enough in
preventing infectivity. Because free virus can be found in
the presence of antibodies even at low viral loads below
10° geq per mL, it is presumed that the affinity may be low
or escape mutants have evolved.* This explains the trans-
mission of B19 even by immunoglobulin doses.”’?

Because the marrow is a site of viral persistence,™ it
is not surprising that viral DNA was detected in as many
as 13.2 percent of all PBPC or bone marrow samples. It is,
however, unclear if virions are produced and released
from these cells in the immunocompetent donor. Because
these donors had previously been infected with parvovi-
rus B19 and were producing B19-specific antibodies, IgG-
producing plasma cells are contained in the transplants.
Thus, immunity to the transferred virus should be
assumed, but antibody production is usually highly
impaired in the first months after PBPC or BMT* and
symptomatic infection by this transmission route has
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been described.??” In both allogeneic and autologous
PBPCs, transmission of parvovirus B19 cannot be avoided
by donor selection. Therefore, recipients from IgG-posi-
tive PBPC donors should be monitored for B19 DNA in
serum.

Although B19 DNA was detected in 1 percent of 2123
blood cell preparations and blood products used for treat-
ment of hematologic patients (mostly transplant recipi-
ents), the exposure of 14 patients (12%) did not result in
symptomatic infections. This is probably due to low virus
concentrations or the presence of protective IgG—own,
from the PBPC/marrow donor, or transfused. In addition
overall numbers of exposed patients being studied were
quite Jow, which might contribute to an error of small
numbers. There are reports on severe infections in immu-
nocompromised patients, for example, severe anemia
over 7months in a marrow recipient,”® complicated
erythrodermia, hepatitis, or myocarditis with a high
lethality in marrow recipients,® recwrent severe ane-
mia,'®™ or pancytopenia’ in renal transplant recipients or
severe anemia over 7 years in a human immunodeficiency
virus-positive patient.® Symptoms in all patients had to be
treated with repeated transfusions of RBCs and resolved
only after repeated treatment with high-dose immunoglo-

bulins and induction of highly active antiretroviral ther-

apy in the latter case. Reports on transmission of B19 via
fibrin sealant,'® clotting factor,” plasma,” immunoglobu-
lins,? or blood® underline the potential risk of iatrogenic
transmission. Because immunocompromised patients
often receive blood products or blood cell preparations,
these reports illustrate the basic hazard of a parvovirus
B19 infection for these patients. Thus, despite the overall
low risk for iatrogenic transmission, the severity of disease
once it comes to infection should justify testing of blood
donors for parvovirus B19 at least for risk groups.®**
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Viral safety of Nanogam®, a new 15 nm-filtered liquid
immunoglobulin product

F. G. Terpstra,’ J. Parkkinen,® H. T615,% A. H. L. Koenderman,? H. G. J. ter Hart. L. von Bonsdorff,® E. Torma®
& F. A. C. van Engelenburg’

'Sanquin, Division of Research and Development, Amsterdam, the Netherlonds
2Sanquin, Division of Plasma Products, Amsterdam, the Netherlands
3Finnish Red Cross Blood Service, Helsinki, Finland

Background and Objectives Producers of plasma derivatives continuously improve
the viral safety of their products by, for example, introducing additional virus-reducing
steps into the manufacturing process. Here we present virus-elimination studies
undertaken for a number of steps employed in a new manufacturing process for liquid
intravenous immunoglobulin (Nanogam®) that comprises two specific virus-reducing
steps: a '15-nm fiitration step combined with pepsin treatment at pH 4-4 (pH 4-4/
15NF); and solvent-detergent (SD) treatment. The manufacturing process also
includes precipitation of Cohn fraction III and viral neutralization, which contribute
to the total virus-reducing capacity of the manufacturing process. In addition, the
mechanism and robustness of the virus-reducing steps were studied.

Materials and Methods Selected process steps were studied with spiking experiments
using a range of lipid enveloped (LE) and non-lipid-enveloped (NLE) viruses. The LE
viruses used were bovine viral diarrhoea virus (BVDV), human immunodeficiency
virus (HIV) and pseudorabies virus (PRV); the NLE viruses used were parvovirus B19
{B19), canine parvovirus (CPV) and encephalomyocarditis virus (EMC). After spiking,
samples were collected and tested for residual infectivity, and the reduction factors
were calculated. For B19, however, removal of B19 DNA was measured, not residual
infectivity. To reveal the contribution of viral neutralization, bovine parvovirus (BPV)
and hepatitis A virus (HAV) were used.

Results For the pH 4-4/15NF step, complete reduction (> 6 log,;) was demonstrated
for all viruses, including B19, but not for CPV (> 3-4 but < 4-2 log,;). Robustness
studies of the pH 4-4/15NF step with CPV showed that pH was the dominant process
parameter. SD treatment for 10 min resulted in complete inactivation (> 6 log,,) of all
LE viruses tested. Precipitation of Cohn fraction III resulted in the significant removal
(3-4 log,,) of both LE and NLE viruses. Virus-neutralization assays of final product
revealed significant reduction (= 3 log,,) of both BPV and HAV.

Conclusions The manufacturing process of Nanogam® comprises two effective steps
for the reduction of LE viruses and one for NLE viruses. In addition, the precipitation
of Cohn fraction III and the presence of neutralizing antibodies contribute to the total
virus-reducing capacity of Nanogam®. The overall virus-reducing capacity was > 15
log,, for LE viruses. For the NLE viruses B19, CPV and EMC, the overall virus-reducing
capacities were > 10, > 7 and > 9 log,,, respectively. Including the contribution of
immune neutralization, the overall virus-reducing capacity for B19 and HAV is
estimated to be > 10 log,,.
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