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Season of High Human Parvovirus B19 Activity in Nitero6i,
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Erythrovirus B19 infection is usually benign but may have serious consequences in patients with hemolytic
anemia (transient aplastic crisis), immunodeficiency (in whom persistent infection can lead to chronic bone marrow
failure with anemia), or who are in the first or second trimester of gestation (spontaneous abortion, hydrops fetalis,
and fetal death).

Being non-enveloped, B19 resists most inactivation methods and can be transmitted by transfusion. B19 is
difficult to cultivate and native virus is usually obtained from viremic blood. As specific antibodies may be absent,
and there is no reliable immunological method for antigen detection, hybridization or polymerase chain reaction
are needed for detecting viremia. A rapid method, gel hemagglutination (Diamed | D-Parvovirus B19 Antigen Test),
can disclose highly viremic donations, whose elimination lessens the viral burden in pooled blood products and
may even render them non-infectious. In order to obtain native antigen and to determine the frequency of viremic
donors, we applied this test to blood donorsin a period of high viral activity in our community. Positive or indeter-
minate results were re-tested by dot-blot hybridization. We tested 472 donors in 1998 and 831 ones in 1999. One
viremic donor was found in 1999. We suggest that in periods of high community viral activity the gel hemagglutina-
tion test may be useful in avoiding highly viremic blood being added to plasma pools or directly transfused to
patients under risk.
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Erythrovirus (formerly parvovirus) B19 and the novel
Erythrovirus V9 are by now the only parvoviruses im-
plied in human disease (Laub & Strengers 2002). Their
genomes consist both of single-stranded DNA molecules
5596 nucleotides long. They diverge by 11%, mainly in
theVP1 capsid gene(Nguyen et al. 1999, Laub & Strengers
2002). There seemsto be no crossimmunity between them
(Nguyeneta. 1999). Infectionwith ErythrovirusB19 (from
now on referred as B19) causes erythema infectiosum
(Anderson et a. 1983), acommon childhood exanthematic
disease which runswith asymptomatic and very transient
purered cell aplasia of the bone marrow (Anderson et al.
1985). In adults, especially in women, theinfection tends
to manifest itself as symmetrical arthropathy of the small
joints of feet and hands (Brown 1997). Skin rash and ar-
thralgiaare believed to result from immune complex depo-
sition (Brown & Young 1997). Near 30% of theinfections
areentirely asymptomatic (Brown 1997). Theinfection can
be life threatening in patients suffering from chronic
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hemolytic anemia (e.g., sickle cell disease), in whom the
short life span of red blood cells often leads to severe
anemiabeforethe activity of the bone marrow startsagain
(Pattison et al. 1981). Inimmunodeficient patients, inwhom
thevirusisnot readily cleared, B19 infection may persist
and cause long lasting pure red cell aplasia (Kurtzman et
al. 1987). Infections occurring in pregnant women may
result in severe intrauterine anemia leading to fetal hy-
dropsand death (Brown et al. 1984).

B19 infection is common and 40-60% of adults have
antibodies due to previous experience with the virus
(Cohen & Buckley 1988, Nascimento et al. 1990, Freitaset
al. 1990, 1999). Immunity to the virus appearsto belife
long. Epidemiologically, ratesof infection increase every
3-4 years (Serjeant et al. 1993), although longer cycles,
with increasesin viral activity occurring every 4-7 years
(Rodis 1999), have also been described. B19 is usually
spread by respiratory secretions, but can be transmitted
transplacentally and by transfusion of blood or blood
components (Laub & Strengers 2002).

Transfusion with B19 contaminated blood or blood
products may be arisk to non-immune pregnant women
and to immunocompromised patients, insofar the latter
are often multitransfused. In normal individual swith acute
infection high level viremiacan be detected for 4to 5 days
before the appearance of antibodies and onset of symp-
toms (i.e., the antibody-mediated rash and arthralgia)
(Brown & Young 1997). This explainswhy blood donors
may be asymptomatic, despitelevelsof viremiaup to 102
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genome equivalents(geq) per ml (Blumel et al. 2002). The
subsequent onset of clinical diseasein the donor rarely, if
ever, leadsto aproper investigation about the possibility
of disease transmission during the foregoing donation.
Being anon-enveloped virus, B19 isknown to resist sol-
vent and detergent (SD) inactivation treatments usually
employed in blood and in blood products. Due to the
present impossibility of eliminating the virus from these
products, there is an urgent need of a method of mass
screening for viremic blood donors. Despite the transient
nature of both symptoms and high level viremia (as de-
tected by dot-blot), low level viremia [only detected by
polymerase chain reaction (PCR)] can persist for up to 6
months after acute infection. In these latter cases viruses
are complexed with antibodies and are less capable of
initiating infectionintherecipient. Theincidence of truly
infective blood donors is therefore very low. Neverthe-
less, only one highly viremic donation may be sufficient
to contaminate a plasma pool and result in final product
contamination (Schmidt et al. 2001). Although it is less
frequent, single donor blood components (e.g., platelets)
can also transmit B19 infection (Cohen et a. 1997). In
spite of this, blood donor units are not screened routinely
for non-envel oped virusessuch asB19 (Laub & Strengers
2002). Screening by very sensitivetestslike PCR may be
impractical due to many false positive results related to
low level (and lessinfective) viremia.

Thefrequency of B19 infected blood donationsvaries
according to the sensitivity of the method used for the
diagnosis and to the activity of the virusin the commu-
nity. Detection of viremic blood donors may be very im-
portant, if blood and blood components are to be trans-
fused in immunocompromised patients such as HIV-in-
fected people or transplant recipients, in whom B19 infec-
tion can have serious consegquences (Cohen et al. 1997,
Hayakawaet a. 2002).

Studies on the frequency of viremic donors have al-
ready been donein Brazil. During 1988, in order to obtain
viral antigen, Cruz and coworkers tested 6400 blood do-
nations by counter-immuno-electrophoresis against a
strongly anti-B19 |gG-positive human serum. They found
one antigen positive donation, later confirmed by elec-
tron microscopy, radioimmunoassay with monoclonal an-
tibodies, and dot-blot hybridization (Cruz et al. 1989). In
1996 Lisboaand coworkersreported afrequency of 1:4235
asymptomatic viremic donors, after having 46,587 dona-
tions screened by PCR during aperiod of oneyear (Lisboa
etal. 1996).

B19 can be cultivated only in primary culture explants
of human erythroid precursors, or in some continuous
megakaryocytoblastoid cell lines. However, these systems
are not suitable as a practical source of virus (Brown &
Young 1997). The resulting shortage of native viral anti-
gen poses a problem in obtaining positive controls for
laboratory tests. Empty viral capsids, obtained in insect
cells through recombinant technol ogy, can be employed
in serologic assays (Pereiraet a. 2001). However, whole
viruses are necessary for positive controls in PCR, dot-
blot hybridization and antibody neutralization tests. Whole
virus are hard to obtain and can be found only in acute
phase clinical specimens or in donated blood.

The main objective wasto determine the frequency of
viremic donors in a period of high viral activity in the
community employing arapid and cheap gel hemaggluti-
nation test. The secondary objective was to obtain a sup-
ply of native infectiousviral antigen.

MATERIALSAND METHODS

We applied the gel hemaggl utination test (Diamed 1D-
ParvovirusB19 Antigen Test, Diamed S.A., Cressier, Swit-
zerland) (Coheneta. 1995, Hitzler & Runkel 2002) inblood
samples collected from non remunerated donors. The
study was done in two different years (1998 and 1999),
the second of them corresponding to a season of high
viral activity inthe community (Oliveiraet al. 2002). The
samples were obtained after informed consent from do-
norsfrom the blood bank of Hospital Universit&rioAnténio
Pedro (HUAP), Niterdi, state of Rio de Janeiro, Brazil, and
from Instituto Nacional de Cancer (Inca), Rio de Janeiro,
state of Rio de Janeiro, Brazil.

The hemagglutination assay was done in gel tubes
arranged in ID-cards (Fig. 1). Accordingly to the test
manufacturer’sinstructions, supplied papain-treated test
erythrocyteswere centrifuged for 3 min at 3000 rpm. The
supernatant was taken off and replaced with the same
volume of supplied buffer. The pellet was then resus-
pended and agitated for 10 min; 25 pl of this suspension
and 10 pl of the donor’s plasma were pipetted onto the
sepharose gel in each tube, and the cards were centri-
fuged at low speed (85 g) for 10 min. In thistest, aggluti-
nated erythrocytes remain on the surface of the gel, while
free red cells go to the bottom. The results are easy to
read and are classified as positive, negative or indetermi-
nate.

All serawith positive or indeterminate results on gel
hemaggl utination were submitted to dot-blot hybridiza-
tion using a biotin-labeled recombinant plasmid as B19
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Fig. 1: gel hemagglutination test (Diamed ID-Parvovirus B19 Anti-
gen Test). Top left, positive donor plasma Brlll (Cruz et al. 1989),
undiluted and diluted up to 10°5. Bottom left and bottom right,
seemingly positive tests (719 and 732) that gave equivocal results
on repetition (top right for sample 719, not shown for sample
732). All other samples gave clearly negative results.
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specific probe and streptavidin-peroxidase to develop the
hybrids, asdescribed by Mori et al. (1989). Part of the sera
collected in 1998 werejoined in pools of ten seraeach and
tested by PCR, kindly performed by Fundacdo Pro-
Sangue/Hemocentro de S&o Paulo. Seracollected in 1999
were not submitted to PCR.

RESULTS

The first sampling period started on August 31 and
ended on November 13, 1998. We obtained 496 samples
from consecutive donorsin the HUAP blood bank. From
October 18 to December 8, 1999, additional sampleswere
collected in the same blood bank from 522 consecutive
donors. Between September 1 and November 8, 1999, more
529 blood samples were obtained from discarded blood
bag connection tubes from Inca. All blood donors from
HUAP blood bank were 18 or moreyearsold, and 78% of
them were men. Of all these samples, 1303 (472 obtained
in 1998 from HUAP; 516 obtained in 1999 from HUAP; and
315 obtained in 1999 from Inca) were tested for B19 vire-
miaby the Diamed gel hemagglutination. Of the 472 sam-
plestested in 1998, two gave equivocal resultsin gel he-
magglutination (Fig. 1). Five out of the 831 samplestested
in 1999, all obtained in the HUAP blood bank, also tested
indeterminate on gel hemaggl utination. One more of these
1999 samples tested weakly positive, and another one
strongly positive. All these nine plasma samples showing
indeterminate or positive results were tested by dot-blot
hybridization and only the strongly positive in gel he-
maggl utination was confirmed as positive by dot-blot (Fig.
2). Thisplasmasamplewas obtained on October 19froma
26 yearsold female commercial employee; 288 of the 472
samples obtained in 1998 were also tested by PCR, with
negative results.
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Fig. 2: dot-blot hybridization. B1-3, D1-3, and E1-3, samples from
B19-DNA-positive patients (undiluted and diluted up to 102); H1-
3, positive donor plasma Brlll (Cruz et al.1989) (undiluted and
diluted up to 102); E4-7, Diamed-positive donor plasma (undiluted
and diluted up to 10°3); A1-3, C1-3, F1-3, and G1-3, samples from
B19-DNA-negative patients (undiluted and diluted up to 102); A4-
7, B4-7, C4-7, D4-7, and F4-7, Diamed-positive donor plasmas
(undiluted and diluted up to 10°3).

DISCUSSION

Some blood derivates, e.g. Factor VI, are prepared
from plasma pools obtained from thousands of donors.
Before being used, these plasma pools undergo virusin-
activating purification procedures (e.g. solvent detergent
treatment). AsB19 isasmall non-enveloped virusthat is
not affected by such purifying procedures, which are ef-
fective mainly against enveloped viruses, these methods
are not sufficient to remove completely the virus from a
possibly infected donated blood present in the plasma
pool. These plasma pool are frequently (85%) contami-
nated with B19 DNA (Hayakawa et al. 2002) and often
contain more than one strain of B19, as demonstrated by
DNA sequencing (BlUmel et al. 2002). Even SD treated
concentrates previously heated (in alyophilized state) at
100°C for 30 min (Santagostino et al. 1994) can transmit
B19 to susceptible patients. The presence of viral DNA
does not necessarily means that plasma derivatives are
still infectious. Whether or not B19 has been inactivated
during their production cannot be ascertained directly
through B19 isolation, asthevirusgrowsonly in differen-
tiated erythroid progenitor cells and istherefore difficult
to cultivate. Although added animal parvovirus can be
used instead for ascertaining the efficacy of the purifica-
tion method, no routine laboratory technique for testing
B19infectivity ispresently available (Schmidt et al. 2001).

As already stated, both the sensitivity of the method
used for the diagnosis and the activity of the virusin the
community gresatly influencethefreguency of B19infected
blood donations. With techniqueslike PCR, the frequency
of a viremic blood donation ranges from 1:167 (San-
tagostino et al. 1994, Yoto et a. 1995) to 1:1420 during
seasonal outbreaks (Schmidt et al. 2001) and from 1:5950
to 1:30000 off-season (Cohen et al. 1990, McOmish et al.
1993, Schmidt et al. 2001).

The fact that IgM or 1gG antibodies can be absent in
highly viremic donations indicates that antibody screen-
ing will not be an effective strategy for reducing transmis-
sion by blood components (Hitzler & Runkel 2002). There
areno reliableimmunological methodsfor detecting B19
antigen, but dot blot hybridization and PCR can detect
viral DNA. A dot blot hybridization assay has a sensitiv-
ity of about 107 viral genomes/ml (Hickset al. 1995). PCR
can discloseviremiain concentrationsaslow as 2.4 x 104
copiesof viral DNA per ml (McOmishetal. 1993). ASPCR
can detect nonfunctional DNA, the infectivity of plasma
products that contain B19 DNA is unclear (BlUmel et a.
2002). Early insensitive methods like counter current
immuno electrophoresis and double immune diffusion
seem to have been altogether abandoned.

Asdot blot isless suitable to automatization and PCR
isexpensiveand still impractical for large-scaleuse, ater-
native methods have been devised for mass screening. A
receptor-mediated hemagglutination test (RMH) takes
advantage of the virus ability to bind to blood group P
antigen on the surface of human erythrocytes (Sato et al.
1995, Hitzler & Runkel 2002). Thistest can detect B19 at
concentrations of 10° to 10° copies of viral genome per
ml, asverified by semi-quantitative PCR (Sato et a. 1995).
Blood group O erythrocyteswith P globosidein their sur-
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facesarereadily agglutinated by viremic seradilutedina
low pH buffer. Thisis 10,000 to 100,000 times more sensi-
tive than double immunodiffusion and 100 to 1000 times
lesssensitivethan PCR (Sato et al. 1995). In anon-preva-
lent period, RMH detected viremiain 27 out of 45,735 blood
donors' samples. None of the viremic donors could be
detected by doubleimmunodiffusion. Only seven of these
viremic sampleswere confirmed by PCR (Sato et al. 1995).
ThisgivesRMH aspecificity of 99.96%. In contrast with
PCR, which can detect inactivated or degraded virus, RMH
detects only those virions that can bind to the receptor
molecules on the erythrocytes employed in the test, i.e.,
infectivevirus(Cohen et al. 1995).

Hemaggl utination assays can be run in gel tubes ar-
ranged in ID-cards (Cohen et a. 1995, Hitzler & Runkel
2002), as performed in our study. Again, thetest is based
on the virus ability to bind to blood group P antigen on
the surface of human erythrocytes, leading to their agglu-
tination. In order to separate aggl utinated and non agglu-
tinated test red cells, the reaction mixture is centrifuged
through agel filtration matrix. Theresultsare easy to read
and are classified as positive, negative or indeterminate.
Cohen et al. (1995), confirming |D-cards hemagglutina-
tion results with a dot blot hybridization assay, demon-
strated for the gel agglutination an overall sensitivity of
79%. Thisraised to 100% when only serawith more than
10™ or more genomes/ml, as determined by the hybridiza-
tion assay, were employed (Cohen et al. 1995).

In another study (Sakata et al. 1999), conducted in
Japan, hemagglutination was consistently positive in
donationswith PCR titers higher than 107 or 108, but gave
inconsistent results in intermediate PCR titers and was
negativein low PCR titers. However, theinfectivity of this
last group of donations may be considered low, as none
of therecipientsbecame B19-positive (Sakataet al. 1999).
This is often assumed to be due to the presence of neu-
tralizing antibodiesin 40 to 60% of these donations, which
were probably obtained late in the course of theinfection
(Hitzler & Runkel 2002). The number of donationsfound
positivein thisstudy was 142/465,665 donations (1:3279,
or 0.033%). With PCR, more positive donationswerefound
(0.052%) (Sakataet a. 1999).

InaGerman study (Hitzler & Runkel 2002) the Diamed
gel agglutination test was positivein 255 of 28,972 dona-
tions (1:113). When the test was done in triplicate, the
number of donors consistently positive dropped to 35
(1:827). Therewas no information in this study about the
activity of the virus in the community. Four of the 255
positive samples were a so positive by PCR. Of the four
samples, three had B19 DNA concentrations above 1012
geg/ml. Thefourth sample had aB19 DNA concentration
of 2.1 x 103 geg/ml, and its reactivity in the Diamed gel
hemagglutination test was unexpected, as the manufac-
turer and the authors established sensitivity thresholds
of 108 and 109, respectively (Hitzler & Runkel 2002). This
positive result was attributed to the presence of non-spe-
cific serum agglutinins. Of interest, the viremiawas dem-
onstrated by PCR to persistin low concentrationsfor more
than ayear in al four donors. This persistence was not
detected by gel hemagglutination.

In our study, we found one B19 DNA positive sample
among nine gel hemaggl utination positive (one) or weakly
positive (eight) samples, a higher proportion than that of
Hitzler and Runkel (2002), which wasfour PCR positive
samples among 255 gel hemagglutination positive or in-
determinate ones. Their reported specificity was 99.1%.
In our study, the strongly positive sample was clearly
distinguishable, in the Diamed cards, from the weakly
positive samples. Unfortunately, specificity could not be
calculated in our study, as dot blot testing was not done
in our gel hemagglutination negative samples. Neverthe-
less, it can be deemed relatively high, as none of the 288
PCR negative samples obtained in 1998 tested positive or
indeterminate on gel hemagglutination.

Although gel hemaggl utination cannot detect all B19
positive donations, it would be a useful alternative assay
for detecting donationswith high titer B19 virus. Even if
low titer donationsare missed, theviral load and infectiv-
ity of plasma pools can be substantially reduced (Cohen
et a. 1995). In spite its low sensitivity, and taking into
account the cost of other tests, gel hemagglutination
could be employed asameansof eliminating highly viremic
individual donations, thus lessening the viral burden in
pooled blood products. There is some evidence that
pooled blood products can be rendered non-infectious
evenif only high viremic donations are eliminated during
the donor screening process (Weimer et a. 2001). This
test israpid, cheap and easy to perform and therefore is
well suited for mass screening of blood donors. Itisalso
important that the method chosen to reduce the risk of
transmission does not cause any delay to the release of
short lived or labile components, such as platel et concen-
trates.

As stated above, the existence of seasonal outbreaks
may have influence on the frequency of infected donors.
The seasonal profile of B19 activity in Niterdi areawas
described by Oliveiraet a. (2002). Studying patientswith
exanthematic diseases, these authorsfound distinct peaks
of B19 activity during asix year observation period, sug-
gesting that the disease appearsto cyclein approximately
four or fiveyears. Most part of vira circulation took place
in the second semester and in the very beginning of the
next year, aperiod of timewhich corresponds, in the geo-
graphical region, to late winter, spring, and early summer.
This seasonal distribution remained the same even out of
the high activity years. The second semester of 1999 cor-
responded to the highest viral activity detected in that
study.

Thismay explaintherelatively high frequency of donor
viremia(1:831) found inour study in 1999, in an adult popu-
|ation (blood donors) most part already immuneto B19. We
suggest that in periods of high activity of the virusin the
community the hemagglutination test could be useful in
avoiding highly viremic blood being added to plasmapools
or directly transfused to patients who have hemolytic ane-
mias, immunodeficiency or who are pregnant.
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