DEMONSTRABLE PARASITEMIA AMONG BLOOD DONORS

The potential for apparently PCR-negative donors to
harbor active infections raises additional issues applicable
to donors, donor deferrals, and potential blood screening.
In some instances, 2a PCR-negative result may indeed indi-
cate that an active infection has cleared. This observation
may be supported by an ensuing decrease in antibody
titers to baseline levels. Persistence of antibody’ titers,
however, may suggest an active, ongoing infection that
cannot be detected by PCR. Although the PCR may be
sensitive, the level of circulating parasites may be so low
that they cannot be detected or the parasites may be
present only in sequestered locations.” In ejther case, a
later immunologic event (e.g., immunosuppression asso-
ciated with aging) may result in an infection that recru-
desces and again become measurable by PCR** This
scenario would make it difficult to consider reentering a
deferred donor unless they had completely cleared the
infection as determined by both serology and PCR. Simi-
larly, if donor screening for B.microti is ever imple-
mented, PCR or nucleic acid testing would be needed to

detect early acute or window-period infections, although -

serology would be needed to detect ongoing, parasitolog-
ically silent infections.”

For this study, we used a two-step serologic screening
approach to identify potential carriers of babesiosis, in
which an experimental recombinant immunoassay was
used in an initial screening step before performing a more
labor-intensive, but highly sensitive and specific IFA pro-
cedure.'™'® This approach allowed us to screen efficiently
a large number of donations (n=3490) and to then focus
our confirmatory efforts on the 203 (5.8%) donations that
were positive in the initial screening assay. This effort,
however, also showed that the experimental immunoas-
say lacked specificity for B. microti infection, because the
vast majority of EIA-reactive donations were shown to be
IFA-negative. Poor specificity of a recombinant immu-
noassay can be explained by a variety factors, including
low-level contamination by proteins from the Escherichia
coli host strain or cross-reactive epitopes within the full-
length recombinant proteins used in the assay. Since this
study was initiated, a peptide-based immunoassay has
been developed in which the immunodominant epitopes
of the two recombinant proteins used in this study are
used as an EIA substrate.”® The peptide EIA shows signifi-
cantly higher specificity than the assays used in the study
described here and correlates very well with IFA and PCR
results. Indeed, in a study of patients being evaluated for
babesiosis, virtually all PCR-positive donors were detected
with the peptide EIA.** The peptide EIA, however, has yet
to be evaluated in the setting of bloed donor screening to
determine if it can indeed serve as an efficient replace-
ment for IFA testing.

B. microti has been known to pose a blood safety risk
for close to 20 years.” As the parasite’s endemic range has
expanded and closely related emergent agents have

arisen,’** the potential for transfusion-transmitted infec-
tions has continued to increase. For example, WA-1 was
first described less than 10 years ago, but already this
Babesia-like agent has been implicated in two transfusion
cases.** With the knowledge that a large percentage of
blood donors seropositive for B. microti are also para-
sitemic, some apparently for months, appropriate inter-
ventions to prevent continued transmission of this
parasite to blood recipients should be considered.
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Slow Clearance of Human Parvovirus
B19 Viremia following Acute Infection
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Virology, Karolinska Institutet, Karolinska University Hospital,
Stockhoim, Sweden

Parvovirus B19 is a common, clinically significant patho-
gen. Reassessment of the viral kinetics after acute infection
showed that the virus is not rapidly cleared from healthy
hosts, despite early resolution of symptoms. These findings
challenge our current conception of the virus® pathogenesis
and have impliég'ons for the management of the infection.

Human parvovirus B1l9 (B19) is ubiguitous throughout the
world and causes a variety of symptoms, ranging from mild
febrile illness to life-threatening anemia and fetal death. The
infection is primarily thought to be controlled by humoral
immune responses, because peripheral viremia- decreases con-
current with the development of virus-specific antibodies, 4nd
the virus has been shown g be cleared in healthy hosts weeks
to months afier infcctioq/établishmem of persistent infection
is well characterized in immunocompromised individuals, pri-
marily in association with congenital, iatrogenic, or infectious
causes. However, cases of immunocompetent, symptomatic in-
dividuals with detectable B19 DNA in bone marrow and pe-
ripheral blood specimens for long periods of time have also
been described |1, 21. Recently, investigations of the cellular
immune responses to B19 have shown a surprisingly large pool
of circulating B19-specific CD8* T lymphocytes remaining for
>2 years afier infection, with maintained effector function in
healthy subjects |3]. Because this would indicate that viral an-
tigen is present for a much longer time than has_}wi;_\gc;usl);v
been shown, we reassessed the viral kinetics afier primary B19
infection with a newly developed real-time quantitative PCR._i'

Materials and methods,  Five individuals were identified
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prospectively after their serum samples had been referred 1o
the clinical virology laboratory at the Karolin@nivcrsiw
Hospital and were found 1o be positive for B19 1gM. The pa-
tients had presented their g&gé}a] practitioners with symptoms
of fever, arthralgia, fatigue, and rash. None of the patients had
received immunosuppressive treatment or had showed clinical
symptoms of any other underlying chronic infection. Further-
more, they did not have any medical history of increased fre-
quency of reactivation of Jatent herpes virus infection, recurrent
respiratory infection, or mucocutaneous infection and did not
recall having previous episodes of symploms that resembled
those of B19 infection. During the subsequent 128 weeks after
inclusion of the first individual in the study, samples of se-
rum and PBMCs were collected at intervals from all individ-
uals, together with medica) history and data regarding clinical
symptoms. In addition, 15 B19 1gG~positive and 1gM-negative
healthy laboratory workers who did not recollect having par-
vovirus-related symptoms were included as control subjects.
Serum samples were analyzed for B19 1gG and IgM using a
commercial EJA (Biotrin International). For assessment of B19
DNA levels, a novel, parvovirus genotype 1-3—specific TagMan
real-time PCR assay was developed. In brief, 200 uL of serum
was extracied with use of an automated MagnaPure extractor
{Roche Diagnostics) using the LC Total Nucleic Acid Isolation
Kit (Roche). The assay was performed in a ABI 7700 sequence
detection system (Applied Biosystems) in a 50-uL reaction mix-
ture containing 25 ul of TagMan Universal PCR Master Mix
{Applied Biosystems), 5 pL of template DNA, 3 umol/L of each
primer, and 1.5 umol/L probe for 40 cycles consisting of 15 s
at 95°C and 20 s at 60°C. The following primers were used in
the amplification: sense, 5-ACAAGCCTGGGCAAGTTAGC-3,
and antisense, 5-GGCCCAGCTTGTAGCTCATT-3, positioned
at B19 genomic nucleotide positions 834—873 and 910-928,
respectively (numbers refer 1o GenBank AY083239). Detection
was provided by an FAM-TAMRA-labeled probe {Applied Bio-
systems) with the sequence 5-CAACTACCCGGTACTAACT-
ATGTTGGGCCTGG-3 a1 B19 genomic nucleotide positions
877-908. A B19 viremic plasma, determined to contain 1.4 X
10" genome equivalents (geq)/mL, lot BPLY (kindly provided
by Dr. Kerr, Biotrin International), was used as standard. The

sensitivity of the assav was 2 geg/reaction, as determined by
repeated testing of serial dilutions of the BPLY standard. Neg-
ative controls were extracted and analvzed between every 5
patiert samples throughout the procedure. Extraction, prepa-
ration of the master mix, and template and standard addition
were perfurmed in separate laboratories. Samples that had pos-
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itive results of quantitative PCR were partially sequenced to
assess viral genotype using a separate assay. Quter primers in
this assay were as follows: sense, 5-GTGGTGAAAGCTCTGAA-
GAACTCA- 3, and antisense 5-GCCCAGGCTTGTGTAAGT-
CTTC- 3, at B19 genomic nucleotide positions 37-60 and 844
865, respectively. The inner primers were as follows: sense,
5-CGGGACCAGTTCAGGAGAATCA-Y, and antisense, -
GGGGTGGTCAGATAACTGTCCATG-3', at B19 genomic nu-
cleotide positions 137-158 and 757-780, respectively (numbers
refer to GenBank AY0832537). Amplification was performed in
a volume of 50 pL in 1 X buffer Il (Applied Biosystems) and
25 mmol/L MgCl and 10 pmol/L primer at an annealing tem-
perature of 35°C and for 40 cycles. The amplified product was
sequenced using the Big Dye Termination Kit (Applied Bio-
systems) in an ABJ 3100 sequencer (Applied Biosystems).

CD4" and CD8* T lymphocyte counts were determined by
direct staining of PBMCs isolated by Ficoll-Paque (Amersh
am Biosciences) by fluorochrome-labelled monoclonal anti-
bodies (BD), and subsequent analysis was performed by fluo-
rescence-activated cell sorting (FACS). IFN-'y‘responses to
phytohemagglutinin (Sigma-Aldrich) were assessed by en-
zyme-linked immunospot (ELISpot), which was performed
as described elsewhere [4], using nitrocellulose plates (Mil-
lipore) and IFN-v antibody (Mabtech AB). Approval for the
study was obtained from the local ethics committee at the
Karolinska University Hospital (Stockholm, Sweden).

Results. Serum and PBMC samples were obtained from
patients for the first time 5 days (at the earliest) 1o 10 days (at
the latest) after the onset of symptoms. FACS analysis revealed
normal distribution of CD4" and CD8" T lymphocytes, as well
as normal IFN-v response to phytohemagglutinin in PBMCs
obtained from all patients (data not shown). Symptoms present
in all patients were arthralgia and erythematic eruptions. Ad-
ditional symptoms, such as fever, malaise, pronounced myalgia,
and peripheral edema, were present in some patients. All pa-
tients reported cessation of acute clinical symptoms (i.e., fever,
exanthema, myalgia, and peripheral edema) 4-6 weeks after the
onset of disease. The patient group was observed for a mean
duration of 105 weeks (range, 77-128 weeks).

At the first point at which samples were obtained, serum
samples contained a mean of 1.2X 10" B1% geq/mL serum
(range, 1.7 X 10°—4.1 X 10° geq/ml) (figure 1) and all isolates
were shown 1o cluster in genotype 1 (B19) {5]. At that point,
all patients tested positive for both B19 IaM and 1gG. The viral
load peaked at the time that the first sample was obtained or
carlier, afier which the virus levels stabilized in the range 10"~
10" geg/mL. Patient 3 exhibited an increase in viral load afier
week B0, but no epidemiciogical or clinical information cor-
related with this ohservation. During the study period, only |
patient (patient 11 had clearance of the peripheral viremia (in

the interval hetween weeks 85 and 106). All other patients had

—=— P1, female, age 50
108 —— P2, female, age 32
—v P3, female, age 34

107
B- —— P4, female, age 40
_E 3 10¢% —— P5, female, age 40
<E .
é gﬂ) .
p 1044

B19 lgG level,
tu/mi

0O 25 50 75 100 125 150
No. of weeks

Figure 1.  Kinetics of human parvovirus 819 (B19) DNA and antibody
responses against B19 in serum after acute infection in patients 1-5(P1-
P5. respactively). The lower panel shows the last time point at which each
patient tested positive for serum IgM. Arows indicate negative sample
vime points for patient 1. The figure refers 1 the number of weeks after
the first sample wes taken.

persistently detectable B19 DNA levels during the entire follow-
up period, whereas all control subjects were found to be B19
DNA negative (data not shown). B19 IgM was detecied for 5~
17 weeks in all patients, except for patient 2, in whom B19
1gM was detectable for 91 weeks.

Discussion. 'We assessed the kinetics of acute B19 infection
by quantitative PCR in 5 immunocompetent individuals who
presented with classic symptoms of parvoviral infection. The
average initial virus levelﬁ in line with what was earlier
published [6). A rapid decrease in the viral load was observed
to be in}éjc*/d to the development of B19 1gG and coincidental
with resolution of acute clinical symproms, By week.17, B19
1gM cleared in all patients, except for patient 2, who continued
10 have positive results for 90 weeks; this could have been the
result of cross-reacting antibodies. Detectable DNA levels were
maintained after development of B19 1gG and sympiom res-
olution in all patients. Only 1 patient had clearance of periph-
cral viremio during the study period. If we assume that these
5 individuals are representative of the general population, we
can conclude that 519 exhibits delayed clearance after acuie
infection. Similarly, B19 DNA has been detected in specimens
ol skin, synovia, and 1estis abtained from healthy, lgG-positive

individuals |7}, In comrast, dot-blot and nested-PCR assays
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have shown that peripheral viremia clears weeks 10 months
after acute infection [8, 9). No comparable, quantitative data
are available, because previous studies have described patients
with long-term symptoms, docurnented persistent infections,
and severe presentations when the immune status was not char-
acterized [10~12]. Recent investigations of the cellular immune
responses against B19 have revealed that these responses in-
crease during the first vear after infection, despite resolution
of clinical symptoms [3].

B19-specific CD8" T cells were shown to possess strong ef-
fector function and proliferative capacity and to maintain an
activated CD38" phenotype, with strong expression of perforin
and CDS7 and down-regulation of CD28 and CD27. The likely
explanation for these observations, which supports the present
findings, is low-level antigen persistence. The facts that none
of the healthy control subjects included in this study had any
detectable B19 DNA in serum samples and that the smaller
populations of antigen-specific CD8* T cells detected in indi-
viduals who had been infected in the past indicate that the virus
is eventually cleared from peripheral blood [13).

The emerging evidence that B19 exhibits slower clearance of
peripheral viremia after acute infection than previously thought
challenges our current understanding of the virus pathogenesis
and suggests a new entity of viral persistence. Furthermore, this
evidence has practical implications on the means of diagnosing
B19 infection, the means of preventing nosccornial transmis-
sion of infection, and vaccine development—areas of research
thar are all currently evolving. Additional studies that use novel
and sensitive techniques are warranted to elucidate the rela-
tionship between B19 and the host, to readdress the same ques-
tions asked when the pathogen was discovered >25 years ago.
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TRANSFUSION COMPLICATIONS

Parvovirus B19 transmission by a high-purity factor
VIII concentrate

Chuan-ging Wu, Bobby Mason, Julia Jong, Dean Erdman, Laurel McKernan, Meredith Oakley,
Mike Soucie, Bruce Evatt, and Mei-ying W, Yu

BACKGROUND: Parvovirus B19 (B19) is known to
cause a variety of human diseases in susceptible
individuals by close contact via the respiratory route or by
transfusion of contaminated blood or blood products. In
this study, whether a case of B19 transmission was
causally related to the infusion of implicated lots of a
solvent/detergent (S/D)-treated, immunoaffinity-purified
factor Vili concentrate (antihemophilic factor [human)
[AHF)) was investigated.

STUDY DESIGN AND METHODS: Anti-B19 (both
immunoglobulin M [igM] and immunoglobulin G [IgG]) and
B19 DNA (by a nucleic acid testing [NAT] procedure) were
assayed in two implicated product lots, a plasma pool,
and a recipient’s serum sample. Analysis of the partial
B19 sequences obtained from sequencing clones or
direct sequencing of the samples was performed.
RESULTS: Only one of the two implicated lots was B19
DNA-positive. It contained 1.3 x 10° genome equivalents
(geq or international units [IU]) per mL. The negative lot
was derived from plasma screened for B19 DNA by NAT
in a minipooi format to exclude high-titer donations,
whereas the positive lot was mostly from unscreened
plasma. This high-purity AHF product had no detectable
anti-B19 1gG. A 4-week postinfusion serum sample from
a recipient, who received both lots and became ill, was
positive for the presence of B19 antibodies (both igM and
IgG) as well as B19 DNA. The B19 sequences from the
positive lot, its plasma pool, and the recipient's serum
sample were closely related.

CONCLUSION: These findings and the recipient’s clinical
history support a causal relationship between the
implicated AHF product and B19 infection in this recipient.
The seronegative patient became infected after receiving
2 x 10*1U (or geq) of B19 DNA, which was present in this
S/D-treated, high-purity AHF product.

arvovirus B19 (B19) is a small, nonenveloped,

single-stranded DNA virus that is known to resist

viral inactivation procedures commonly used

in manufacturing plasma-derived products. The
virus is widespread, and manifestations of infection vary
depending on the immunologic and hematologic status
of the host (there are numerous reviews; see Young and
Brown' for a recent review). B19 infection in immunocom-
petent persons is often asymptomatic or benign, or results
in mild illness, including erythema infectiosum (fifth dis-
ease) in children and arthropathy in adults. B19, however,
can cause more severe diseases in vulnerable individuals,
such as transient aplastic crisis in persons with hemato-
logic disorders, hydrops fetalis and subsequent congenital
anemia or fetal death in pregnant women, and pure red
cell aplasia and chronic anemia in those who are immune
compromised.’

Diagnosis of B19 infection is based on detection of
specific immunoglobulin M (IgM) and immunoglobulin
M (IgG) antibodies by enzyme-linked immunosorbent
assays (ELISA) or of viral DNA by nucleic acid testing
(NAT) procedures. Serologic studies have shown that at
least 50 percent of adults have circulating B19 IgG, which
is evidence of past infection.** The prevalence of B19 vire-
mia in blood and plasma donors has been reported to

ABBREVIATIONS: AHF = antihemophilic factor; Human B19 =
parvovirus B19; HTC = hemophilia treatment center.
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range from 0.003 to 0.6 percent, depending on whether
the testing is performed at the time of an epidemic and
the sensitivity of NAT methods.*® Although B19 is nor-
mally transmitted via the respiratory route or transplacen-
tally from mother to fetus, parenteral transmission can
occur through the infusion of contaminated blood prod-
ucts. These latter transmissions are mainly due to the
extremely high viremic levels in plasma, for example, 10*
genome equivalents (geq) of B19 DNA per mL, found at an
early phase of the infection in acutely infected but asymp-
tomatic donors.” Thus, the risk of B19 transmission via
single-donor blood components is rare but is substantially
greater via products from pooled plasma.®

B19 DNA has been detected in high proportions and
high levels in plasma pools and their resulting plasma
derivatives, especially the coagulation products.*!' Con-
sistent with these findings, almost all persons with hemo-
philia in cross-sectional studies from 1982 to 1997 were
found to be anti-B19 IgG—positive, in contrast to approxi-
mately 50 percent of the untransfused, untreated control
population.!? Reports of transmissions attributed to
infused factor VIII (FVIII) concentrates (antihemophilic
factor [human) [AHF)), subjected to solvent/detergent (S/
D) or heat treatment or both, have been numerous.”*"

In most transmission cases, however, the causality
assessment™® between the product and the recipient’s
infection was not well established. The level of B19 DNA
in the product that resulted in infection has rarely been
determined, and the minimum viral exposure needed to
produce an infection is not clearly defined. In this study,
we investigated a case report and established a causal
relationship between an implicated AHF product and a
recipient. Infection occurred when the seronegative recip-
ient received 2 x 10* geq (equivalent to 2 x 10* interna-
tional units {IU] based upon our NAT method") of B19
DNA, in a §/D-treated, high-purity AHF product that con-
tained no detectable anti-B19 IgG. Two product lots were
initially implicated. One lot, which was negative for B19
DNA, was derived solely from plasma screened for B19
DNA by NAT in a minipool format to exclude high-titer
donations. -

CASE REPORT

The Food and Drug Administration (FDA) received the
following MedWatch report (an adverse event report) from
a hemophilia treatment center (HTC) in 2001. A 47-year-
old man with mild hemophilia A received a total of
approximately 3800 IU of FVIII clotting activity in the form
of three vials of one lot of AHF and one vial of another lot,
as prophylaxis before undergoing colonoscopy. Both lots
were the same AHF product. The patient had a blood spec-
imen drawn 10 minutes before the product infusion for
participation in an HTC-based blood safety monitoring
program sponsored by the Centers for Disease Control
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and Prevention (CDC).*® Beginning 1week after the
colonoscopy, he experienced 2weeks of symptoms,
including flu-like low-grade fever, extreme fatigue, inter-
mittent abdominal pain, and significant joint pain. He
visited his primary care physician 4 weeks after the proce-
dure and a blood specimen was taken. It was found to be
positive for the presence of anti-B19 IgM and IgG. The
HTC notified the manufacturer and CDC, and the pre- and
postinfusion specimens were tested at the CDC. The CDC
found that the preinfusion sample was negative for the
presence of anti-B19 IgM and IgG and for B19 DNA,
whereas the postinfusion sample was positive for all three
markers. Before the colonoscopy, the patient had not used
any AHF or blood products for at least 12 years. He was
positive serologically for the presence of hepatitis C virus
but negative for the presence of hepatitis A virus, hepatitis
B virus, or human immunodeficiency virus, all of which
were performed by ELISA tests. He had no children and
denied any association with children during the weeks
before and following the colonoscopy.

The CDC informed the FDA of the incident and both
agencies jointly investigated the case. Three other patients
also received the implicated lots from the same treatment
center. All three of these patients were retrospectively
found to be frequent users of AHF products and did not
experience any discomfort or B19-associated symptoms
during the same time period.

MATERIALS AND METHODS

Patient specimens, AHF, and plasma pool samples
Serum specimens were collected from the patient before
and 4 weeks after the infusion. Lot-release samples of the
two implicated AHF lots (designated A and B) submitted
by the manufacturer to the FDA were available. Several
plasma pools used as starting material for manufacturing
lot A were kindly provided by the manufacturer.

Detection and quantitation of B19 DNA by
polymerase chain reaction

One vial of each implicated AHF lot was reconstituted
with 5 mL of diluent, that is, half of the volume specified
by the manufacturer, and 0.2-mL aliquots were used for
DNA extraction. For serum specimens or plasma pools,
0.1-mL aliquots were used. For a plasma pool having a
high titer of DNA, a 10%-fold diluted sample was used. DNA
was extracted by use of an isolation kit and procedures
(NucliSens, Organon Teknika, Durham, NC), and the DNA
from each sample was recovered with 100 pL of elution
buffer. The following in-house nested B19 NAT procedure
was used. A 25-pL aliquot of undiluted or 10%°-fold serially
diluted DNA extract was added to a 25-uL master mix so
that the final reaction mixture for the first-round amplifi-
cation contained 10mmol per L Tris-HCl, pH 8.3,





