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reverse directions using the nested primers. Sequencing was
performed with the ABI PRISM® BigDye™ Terminator v1.1
Cycle Sequencing Ready Reaction Kit (ABI, Applied
Biosystems, Weilerstadt, Germany), unincorporated dye terni-
nators removed using SigmaSpin™ Post-Reaction Clean-Up
Columns (Sigma.Aldrich, Steinheim, Germany) and. reactions
were run on an ABT PRISM® 310 Genetic Analyzer (Applied
Biosystems). Sequencing data were mannally reviewed.
Alignments were generated by ClustalX 1.81 and sequence edit-
ing was performed using BioEdit.

Quantitative polymerase chain reaction

For quantitative measnzement of genotype 1 DNA contamina-
tton, real-time PCR (LightCycler - Parvovirus B19 Quantifica-
tion Kit, Roche Diagnostics, Mannheim, Germany) was carried
out, using a LighiCycler instrument (Roche Molecular
Biochemicals, Mannheim, Germany), according to the manu-

-facturers instructions. In addition to the Roche B19 DNA stan-

dards, the International Standard for B19 DNA (1* World
Health Orpanization International Standard 99/800 for
Parvovirus B19 DNA [National Institute of Biological Standard
and Control (NIBSC), London, UK]; 5x 10° IU per vial) (22)
was included in each . The Intemational Standard was
assayed undiluted and in 5 serial tenfold dilutions. The assay
amplifies genotype 1 virus, For semi-quantitative measurement
of genotype | DNA, 10-fold dilutions of the DNA preparations
from the factor concentrates, the International Standard for B19
DNA (99/800) and from cloned (almost fuli-lengih) B19 DNA
were performed. The plasmid pGEM-1/B19 was kindly pro-
vided by Dr. Jonathan P. Clewley, Central Public Health
Laboratory, London, UK. Nested PCR was performed as men-
tioned above (19). For semi-guantitative measurement of geno-
type 2 DNA, a PCR product amplified by the outer primers
described by Hokynar et al. (14) was TA cloned into the pCR®4-
TOPO® plasmid. Nested PCR with 10-fold dilutions of known
amounts of cloned genotype 2 DNA was canried out using the
primers described by Hokynar el al. (14) and the amplification
protocol given zbove.

Statistical analysis
The statistical analysis was performed using the %2 test,

Results

Contamination with B19 genotype | DNA

Genotype 1 DNA was detected by genotype 1-specific PCR in
771181 (42.5%; lots of coagulation factor concentrates used for
therapy in the last three years (Table 1). The percentage of con-
larinated lots was higher for facior VII concentrates (47%)
than for factor IX {36%) and activaled prothrombin complex
concentrates (29%). However, the differences were not statisti-
cally significant because of the relatively small numbers of fac-
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Figure 2: Levels of BI9 genotype | DNA contamina-
tion in coagulation factor VIl concentrates. All PCR-posi-
tive lots were quantified by real-time PCR and classified in logi0
levels (x-fold value not considered) with the exception of five
lots. Figure 2A, Results from 56 currently used lots {four PCR-
positive lots not tested). Specific products are indicated by let-
ters in each column. Figure 2B. Results from |6 lots adminis- -
tered until the beginning of the 1980s. Except for one product
(product f), all PCR-positive lots were tested. n.g. = not quantifi-
able. :

tor IX and prothrombin complex concentrate Jots. The highest
contamination rate was found in product C (74.1%, factor VII
concenirate). Analysis of coagulation factor VIII concentrates
used until the beginning of the eighties for therapy showed that

. the frequency of contamination was sigaificantly higher (17/21

= 81%; p < 0.01) than in currently used factor VIII concentrates
(Table 2),

Quantitative real-time PCR amplifying genotype 1 DNA
was performed on 56/60 PCR-positive factor VIII lots currently
used and on 16/17 PCR-positive previously used factor VI lots
(Fig. 2). The results showed that contamination ranged from
less than 2x 102 IU/mL ta 3x 107 T/mL. Sixteen percent {5/56)
of currently used concentrates proved (o be highly contaminat-
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Coapulation factor Genotype | Genotype 2
(genome equivalents/mL*)  (genome equivalents/mL)
Currently administered
concenirates C 10" 192
G 10° 10°
Formerly administered Table 3: Semi-
concentrates b 10¢ 10 quantitative PCR
d 10’ 10° ahalysis of parvovi-
g 10’ 10° rus BI9 genotype
{ and 2 DNA in
* | genome equivalent is equal to about 0.3 IU of BI9 co'c?nta‘mmated
* x-fold value not considered clotting factor con-
centrates.

ed (108 to 107 1U/ml). The level of B1S DNA contamination was
similar in cumrently and previously used factor concentrates. In
factor IX and prothrombin complex concentrate contaminated
lots, viral titres were mostly lower (1112 and 5/5 lots, respec-
tively, analysed). The maximum viral titre observed in factor IX
concentrates was 10° IU/ml, and 10% IUfml in prothrombin com-
plex concentrates {data not shown).

Contamination with Bi ¢ genotype 2 DNA
Genotype 2 DNA was detected by genotype 2-specific PCR in
2/181 (1.1%) lots of currently administered concentrates (Table
1) and in 3/21 (14%} lots of previously used concentrates (Table
2). Thus, the number of concentrates contarminated with geno-
type 2 DNA (5/202) was significantly lower than the number of
concentrates contaminated with genotype 1 DNA (34/202; p <
0.001). All genotype 2 DNA positive lots were co-contaminated
with genotype 1| DNA.

To verify the PCR results, DNA sequence analysis was car-
ried out on the five double-PCR positive concentrates using
genotype 1 and genotype 2-specific primers in separale
sequencing reactions. Because of the low degree of genetic var-
iability of parvovins B19, sequencing of larger parts of the viral
genome was performed. Of the ten isolates, seven isolates (4x
genotype 1 and 3x genotype 2 isolates) were sequenced over
approximately half of the genome (genotype 1: nt 1901-4708;
genotype 2: nt 1901-4830; numbering of nt positions according
to genotype 1 prototype strain Av, GenBank accession no.
M13178). One genotype 2 DNA isolate was sequenced for 2155
nucleotides (nt 2302-2604, 2973-4830; deletion of six consecu-
tive nucleotides coding for 2 amino acids in the nonstructural
1kD protein). However, due 1o the considerable quantitative
differences in viral contamination between genotype 1 and ge-
notype 2 DNA in two products (see below), suceessful amplifi-
cation of larger parts of the low-level contaminating genotype
virus was not possible. One genotype 1 isolate cauld culy be
sequenced over a region of 677 nucleotides (nt 3361-4037) and
one genotype 2 contaminant over 1918 nucleotides (nt 1901-
2604, 2973-4008, 4653-4830). Nucleotide sequence compari-

son was performed with genotype 1 strain Av and genotype 2

strain A6 (accession no. AY084475, AY064476).

Sequence analysis revealed that the double-PCR positive
concentrates contained both typical genotype 1 and genotype 2
variants. All genotype 1 and genotype 2 DNA isolates differed
from each other. Two of the four genotype 1 isolates that were
sequenced over half of the penome revealed ambigoities in 7
and 9 nucleotide positions, respectively. These ambiguities were
most probably caused by the presence of several B19 strains
within the plasma poo).

In genotype 1 isolates, the percentage of nucleotide post-
tions divergent to genotype ! prototype strain Au varied from
0.46 ta 1.35% (the isolate that could not be sequenced for a larg-
er stretch was not considered). Sequence divergence of the three
genotype 2 genomes sequenced for half of the genome to the
genotype 2 strain A6 was 1.6, 1.7 and 2.3%, respectively.
Genetic difference between the three factor-derived genotype 2
genomes and the genome of genotype 1 prototype strain Au was
8.7 (two isolates) and 9.0% and, therefore, within the range of
the divergence bhetween genotype 1 strain Au and genotype 2
strain Ab (9.4%). The nucleotide sequence data from this study
have been deposited in the nucleotide database of NCBI
{National Center for Biotechnology Information) (GenBank
accession numbers AY661660-AY661670. Semi-quantitative
PCR apalysis of the co-contaminated lots revealed relative
differences in viral contamination between the two ge-notypes
except for one concentrate. In four concentrates genotype |
DNA was present in higher concentrations than genotype 2

'DNA while in one concentrate (C,) genotype 2 DNA was

present in the higher concentration (Table 3). Because there
exists no international standard for genotype 2 DNA, the con-
centration of genotype 1 DNA is also expressed in genome
equivalents to provide better comparability.

Discussion

The purpose of the study presented here was to gain insight into
the possible risk of contamination of clotting factor concen-
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trates by the recently discovered human parvovirus B19 variant,
classified as B19 genolype 2. The results of the study clearly
show that genotype 2 DNA is present in coagulation factor con-
centrates much less frequently than genotype 1 DNA. In cur-
rently used coagulation factors the detection rate for genotype 2
was 1.1% whereas the rate for genotype 1 was 42.5% (p <
0.001). Although the number of investigated products that have
been formetly used was rather small, the study furiher indicates
that the rate of genotype 1 DNA contamination in currently used
factor VIO products is significantly lower than in praviously
used products (p < 0.01). Moreover, the fact that genotype 2
DNA has been detected in products used up until the early
1980s indicates that the “new"” genotype does not represent a
recently emerged virus as might have been assumed due to its
recent identification (14, 15, 17).

In Literature there is only one report describing prevalence
of genotype 2 DNA in human blood. Npuyen et al. (17) tested
62 plasma pools each derived from plasma from 2000 Danish
voluntary blood donors. No genotype 2 viraemic pool was
delected by PCR. In contrast, screening of the plasma pools
for B19 identified 40 pools (65%) containing BI19 DNA.
Furthermore, among 207 serum samples submitted to the NIH
specifically for testing for B19 between 1991 and 2001,
only one sample collected from an Ttalian HIV-positive patient
with chronic anaemia lested positive for genotype 2 DNA.
Thus, the low detection rate of genotype 2 DNA in clotting
factor concentrates observed in the present study is consistent
with the low frequency of genotype 2 DNA in blood. and
plasma pools.

In contrast to the low detection rate of genotype 2 DNA in
blood, we and others have shown that genotype 2 DNA is
present in human tissue in a relatively high proportion. Holcynar
et al. (14) detected genotype 2 DNA in /19 (47%) human skin
samples collected from B19 seropositive individuals.
Furthermore, we detected genotype 2 DNA in 27/88 (31%) liver
specimens collected from randomly selected adults undergoing
liver transplantation or liver biopsy or obtained from autopsied
individuals (18). Genotype 2 DNA has also been found in 5/83
(6%} Yivers from patients with fulminant hepatitis or hepatitis-
associated aplastic anaeria (23): These findings indicate that
genotype 2 is more widespread than might be suspected from
the low detection rate in blood or blood-derived coagulation
factor concentrates and that genotype 2, like genotype 1, per-
sists in humaxn tissue (24-26).

With regard to the high incidence of viral DNA in tissue and
the low detection rate in blood products one can speculaie that
the characteristics of the virasmic phase of infection might be

different between the two genotypes. B19 infection is character- -

ised by a high-level viraemia (up to 10" genome equiva-
lents/m?) during the carly stage of infection which is frequently
foliowed by a low-level viraemia, existing for monthis er even
years after acute disease (27). Genotype 2 virasmia, however,

might be shorter and viral titres may be mostly lower than in
genotype | viraemia resulting in a low cccurrence rate in blood
products.

Altematively, it is conceivable that divergence between the
structural proteins of the two genotypes mediates an altered sen-
sitivity to the virus removal/inactivation procedures used during
the manufacturing of coagulation factor concentrates. However,
this hypothesis seems unlikely because the sequence divergence
is relatively low, ie. 1.4 to <2% at the amino acid sequence
level for the major viral capsid protein (VP2) which accounts
for about 93% of the viral capsid, and 2.2 to 3.3% for the minor
viral capsid protein (VP1}) present in the virion. This calculation
is based on the genotype 2 sequences presented herein, togeth-
er with those available from GenBank. However, to unambigu-
ously rule out the possibility that the small differences in capsid
composition between the two genotypes would mediate a differ-
ent sensitivity to physical and chemical procedures, specific
culture studies with genotype 2 would be necessary. Although
there is some experience from work with genotype 1 (28-32),
suceessful propagation of genotype 2 in cell culture as a prereg-
nisite for such investigations has not been reported up to now. -

Genotype 1| viral DNA is frequently present in currently
administered factor concentrates. The occurrence of blood
donations contaminated with genotype } DNA has been esti-
mated to be between 1: 5950 to about 1: 30000 (33, 34), increas-
ing to as high as 1: 260 during epidemic periods (35). The high
levels of viraemia in acutely infected individuals combined with
the resistance of the virus to inactivation procedures, means that
there is a high probability of lof contamination. Factor VIII
products were found to contain the highest degree of genotype
1 contamination (10° and 10° TU/ml). However, these maximum
levels were present only in the product fTom one manufacturer
{product C). Over the last few years, nucleic acid testing (NAT)
of plasma pools for B19 DNA has been increasingly implement-
ed. In 2002 it was stated by a plasma protein consortium (PPTA)
that NAT for B19 DNA has now became universally effective
and manufacturing pools will not exceed levels of 10% TU
DNA/ml. Futthermore, although a recommendation was pre-
sented sugpesting a standardised B19 NAT schedule to ensure
that the proposed limit of the FDA for manufacturing pools
(<10* [W/mI) can be achieved, the application of NAT assays to
plasma pools, destined for production of coagulation factor con-
centrates, remains a voluntary procedure, However, the fact that
the overall frequency of viral contamination in currently admin-
istered products is significantly lower than in formerly nsed
ongs might be interpreted as a positive effect of the present pro-
cedures, including NAT, to reduce the risk of contamination of
clotiing factor products,

The results presented here indicate that genotype 2 is not a
frequent contaminant {2.5%) in coagulation factor concentrates.
Nevertheless, to further improve the viral safety of blood prod-
ucts it seems reasonable 1o reflect on the need for implementa-
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tion of nucleic acid testing for genotype 2. Since parvovins
B19 has been recognized as a major contaminant of blood prod-
ucts, plasma pool testing by NAT for genotype 1 is now widely
applied. However, it can be assumed that, similar to our stan-
dard PCR for B19, many primers currently used for B19 PCR

blood products.

do not detect genotype 2 DNA because of insufficient comple-

mentarity. Thus, for detection of genotype 2, and possibly geno-
type 3 DNA, alternative primers such as consensus primers or
degenerate primers should be used if separate amplification is to
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An article in the Japan Times further noted that the government was found liable for failing to prevent
the use of these products. In handing down his ruling, Jndge Keiji Suda said that the state and the
company were negligent because they allowed the use of unheated blood products despite the
knowledge of the dangers associated with their use. '

The recent distribution of blood containing malaria has prompted public concern regarding the
Korean National Red Cross and its management of blood and blood products. According to a Sept.
8 Korea Times article, a patient who received a transfusion after a car accident and was subsequently
diagnosed with malaria has criticized the organization for failing to prevent the distribution of suspect
blood. Some allege that the Korean National Red Cross was made aware of the situation but did not take
any action, resulting in continued circulation of unsuitable blood products. One patient has reportedly
already died after contracting malaria via transfusion.

According to the article, despite inadequate blood sereening procedures, the Korean National Red Cross
atiributes the problem to a privacy law that prevents it from viewing data from the Korea Center for
Disease Control and Prevention, which holds information on regions with a high rate of malana
infection. :

Industry

Abbott Laboratories will soon deliver 20 of its PRISM system fully antomated blood screening
instruments to ARC U.S. National Testing Laboratories. In addition to the PRISM systems, the
company will also provide the ARC laboratories with the hepatitis B core antibody and surface antigen
asgays. According to a Sept. 6 press release posted on PR Newswire, the contract for the equipment and
assays beging immediately and is expected to run through 2011, “This agreement underscores our
longstanding commitment to working with the Amencan Red Cross to help ensure the safety of the
nation’s blood supply,” said Jeff Binder, senior vice president of diagnostic operations at Abbott.

People

Kathy Connolly, chair of the AABB Donor Recruitment and Public Relations Committee, was
recently recognized for her commitment to the bloed community. Connolly, who began her career in
blood banking more than 30 years ago, works as the director of public relations for the Rhode Island
Blood Center and was presented with the Bank of Amenca’s 2006 Neighborhood Champions in
acknowledgment of her dedication to health care. In 2003, Connolly was awarded the AABB Chapman-
Franzmeier Memorial Award for her local and national efforts to recrait blood donors. g3

CareerLink aasp's CareerLink, the leading online job biank for blood banking and
transfusion medicine professionals!

Visit www.aabb.org/Content/Professional Development/CareerLink/careedink.hitm

10 . : AABB Copyright © 2006
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Qutbreak Notice

Update: Malaria, Great Exuma, Bahamas
This information is current as of today, July 4, 2006, 04:39:43 PM

Updatad: Jure 30, 2008
Reteasad: June 46, 2008

In mid-June 2008, the Centers for Disease Control and Prevention (CDC) received offictal reparts of
confirmed malaria cases in Great Exuma, Bashamas, an area where malaria fransmission does not
normally oceur and for which antimalarial drugs have not previously been recomimended. As of Juna
29, there have been a total of 18 cases of which 4 were travelers. Of the 4 travel-associated cases, 2
were from the U.S., 1 from Canada, and 1 from Germany. Al had traveled to Great Exuma for
varying petiods between late April and the end of May.

All these confirmed infections were caused by Plasmodium feiciparum. Most of the patients reported
no recent travel to malaria-endemic areas, byt some of the Bahamas residents diagnosed with
malaria may have recently traveled from Halfi, where P. falciparum.is endemic. No additional cases
of malaria have been identified since Juna 18 ,

Malaria is not considered endemic on the islands of the Bahamas, The Ministry of Health in the
Bahamas has responded with helghtened surveillance for and treatment of malatia cases, mosquito
conirol measures, and aducation of the iocal population. The Caribbean Epidemiclogy Center and
the Pan Amegrican Health OrganizationWorld Health Omganization are assisting the Ministry of Health
with these responge measures. '

Antimalarial Medication

At this fime, CDC s recommending that U.S. based travelers take preventive doses of chloroguine
before, during, and after they travel to Greaf Exuma. This recommendation is expected 1o be
temporary and does not apply to other islands of the Bahamas. Chlcroquine has a leng history of use
and safety and is well tolerated by most peaple, including children. People with an allergy o
chloroeguine should discuss an alternative anhtimalarial drug with their health-care provider. To leam
more about chloroguineg, including dosing information, see ion_fi Pubilic;
Drugs for Malaria.

Other Prevention Measures

Because chloroquine and othet antimalarial drugs are nof 100% protective, iravelers to Great Exuma
should take precautions fo protect against mosquita bites. These prevention measures should be
taken by travelers to other islands in the Bahamas as well because other mosquiio fransmitted
Infections ocour there.

Repellents containing 30% — 50% DEET (N, N-dlethyl-m-toluamide) are recommended.
lLower concenirations of DEET offer shorter-term protection, requiring more frequent
reapplication.

¢ To learn more about preventing mosquito bites and the appropriate use of ingect rapellents,
visit Protection Agglnst Mostuito and Other Arthropods in Health information for International
Trave!f and What Yau Need to Know sbout Mosquite Repelient.

Malara caused by P. fafciparum may rapldly result in a severe, life-threatening illness if not promptly
treated. If you have traveled o Great Extima and you becorme ill with fever and offier fiu-like

hitp://www.cde.gov,/ travgl/ other/2006/ maléri a, é%e_thamas.htm
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