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Abstract

B19 parvovirus has been shown to persist in some immuno-
compromised patients, and treatment with specific antibodies
can lead to decreased quantities of circulating virus and hema-
tologic improvement. A defective immune response to B19
parvovirus in these patients was shown by comparison of re-
sults using a capture RIA and immunoblotting. In normal indi-
viduals, examination of paired sera showed that the dominant
humoral immune response during early convalescence was to
the virus major capsid protein (58 kD) and during late conva-
lescence to the minor capsid species (83 kD). In patients with
persistent parvovirus infection, variable titers against intact
particles were detected by RIA, but the sera from these pa-
tients had minimal or no IgG to capsid proteins determined by
Western analysis. Competition experiments suggested that
this discrepancy was not explicable on the basis of immune
complex formation alone and that these patients may have a
qualitative abnormality in antibody binding to virus. In neutral-
ization experiments, in which erythroid colony formation in
vitro was used as an assay of parvovirus activity, sera from
patients with poor reactivity on immunoblotting were also in-
adequate in inhibiting viral infectivity. A cellular response to
purified B19 parvovirus could not be demonstrated using pro-
liferation assays and PBMCfrom individuals with serologic
evidence of exposure to virus. These results suggest that pro-
duction of neutralizing antibody to capsid protein plays a major
role in limiting parvovirus infection in man.

Introduction

B19 parvovirus infection in man is usually acute (1, 2). The
only identified target cell for this virus is an erythroid progeni-
tor of the bone marrow (3, 4). Infection in normal individuals
is manifest as fifth disease, in which the formation of com-
plexes of antibody and virus is associated with a cutaneous
eruption and polyarthralgia (5). In normal persons, infection
leads to reticulocytopenia with viremia shortly after inocula-
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tion, but the decline in hemoglobin is minimal because of the
brief interruption of erythropoiesis (5). In contrast, in individ-
uals with an increased requirement for erythrocytes and
heightened marrow erythopoiesis (hemolysis, ineffective eryth-
ropoiesis, blood loss, iron deficiency), B19 parvovirus causes
transient aplastic crisis, in which the dominant clinical feature
is abrupt worsening of anemia (2). In these infected individ-
uals, the period of viremia is short, and the appearance of
virus-specific antibody is followed by brisk marrow recovery.

Wehave identified patients with persistent B19 parvovire-
mia that has resulted in chronic bone marrow failure. The first
reported case was a patient with Nezelof's syndrome (com-
bined immunodeficiency with immunoglobulins); virus was
detected in this child's blood for > 18 moand hemoglobin and
neutrophil number were inversely related to viral titer (6). An-
other patient with a similarly limited clinical immunologic
deficit has been studied by us, in whomparvovirus has been
persistent for at least 3 and possibly > 10 yr, also resulting in
chronic severe anemia (7). Persistent B19 parvovirus infection
also may be particularly common among children receiving
immunosuppressive chemotherapy for cancer, as the peak in-
cidence of B19 parvovirus infection is in children. Several
children with acute lymphocytic leukemia in remission and on
maintenance chemotherapy have had chronic anemia and re-
peatedly viremic sera (8). Finally, we have detected virus in the
sera of patients with AIDS who presented with the clinical
syndrome of pure red cell aplasia (Frickhofen, N., G. Kurtz-
man, and N. S. Young, unpublished data).

The host immune response to viruses is complex, and some
viruses predominantly elicit either a cellular or humoral im-
mune response (9). Even when neutralizing antibodies or a
specific cellular response can be demonstrated in vitro, the
protective role of the humoral or cellular arms of the immune
system is often inferred from clinical studies of susceptibility in
immunosuppressed patients or the results of vaccination. The
effectiveness of passive immunization with immunoglobulin
(hepatitis A, cytomegalovirus) or hyperimmune serum (hepa-
titis B, varicella) implies a primary role of antibody in protec-
tion against some virus infections. To begin to elucidate the
immune response to B19 parvovirus infection, we have stud-
ied the antibody and cellular responses to infection in acute
and chronic disease.

Methods

Patients. Blood from six patients with persistent B1 9 parvoviremia was
studied (Table I). The first case, T.W. (6) at presentation was a 31/2-yr-
old boy with combined immunodeficiency with immunoglobulins
(Nezelof's syndrome). He became abruptly anemic and granulocyto-
penic at age 1l/2yr, when his serum for the first time contained virus; he
has been intermittently viremic and transfusion-dependent for more
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Table I. Summary of Results ofAnti-B19 Parvovirus
Antibody Testing

Patient Diagnosis Date IgM IgG Immunoblot Virus

T.W. CID 2 1-IV-86 19 32 Neg +
5-IX-86 72 19 Neg
4-XI-86 31 20 Neg +

E.Fo. CID 7-III-88 >100 17 Pos +
25-V-88 > 100 24 Pos +

L.G. ALL 28-XII-87 <1 <1 Neg +
4-11-88 >100 28 Pos -
8-III-88 9 14 Pos -

21-111-88 2 5 Pos +
21-IV-88 >100 39 Pos -

E.Fr. ALL 22-XI-87 <1 <1 Neg +
4-II-88 84 8 Neg +

31-111-88 12 17 Pos +
17-V-88 56 46 Pos -

C.L. AIDS 24-X-86 <1 <1 Neg +
14-X-87 39 37 Neg

G.F. AIDS 22-XII-87 <1 <1 Neg +

IgG and IgM were determined by capture RIA and results expressed
in arbitrary units. Virus was determined by dot-blot analysis. ALL,
acute lymphocytic leukemia; CID, congenital immunodeficiency.

than 2 yr. He has no other symptoms suggesting a viral infection, and
his only other manifestation of underlying immunodeficiency was an
episode of culture-negative pneumonia at age 6 mo. Another patient,
E.Fo. (7), is a 24-yr-old man who has been parvoviremic for at least 3
and possibly > 10 yr, when he and his brother simultaneously and
abruptly developed pure red cell aplasia requiring erythrocyte transfu-
sion support. This patient has a presumed diagnosis of underlying
immunodeficiency; although he has not had opportunistic infections
other than B19 parvovirus, detailed evaluation has shown anergy, sub-
optimal response of PBMCto a test panel of antigens and mitogens,
and low serum IgG levels. Two patients, E.Fr. and L.G., developed
chronic parvovirus infection in the setting of acute lymphocytic leuke-
mia in remission and on maintenance chemotherapy (8). Finally, two
patients with AIDS secondary to HIV infection had concurrent parvo-
virus infection. C.L., a 24-yr-old male homosexual with antibodies to
HIV, presented with pure red cell aplasia (10). With corticosteroid
therapy, he developed Pneumocystis carinii pneumonitis. He later
showed dramatic hematologic recovery after treatment with high-dose
immunoglobulins. Finally, G.F. was a 27-yr-old male intravenous drug
abuser who presented with septic arthritis and severe anemia. His
blood showed the presence of parvovirus, antibodies to HIV, and
Staphylococcus aureus; he died 5 d after admission of sepsis.

All infected patients have been characterized as having interme-
diate levels of parvoviremia by DNAdot blot analysis (105-10'° viral
genome copies/,ul serum) and in some (T.W., E.Fr., G.F.) viral replica-
tion forms have been demonstrated by Southern analysis of bone mar-
row cells. The bone aspirate smears in all cases showed absence of
erythroid precursors and the presence of giant pronormoblasts.

Control blood samples were obtained from patients with acute
parvovirus infection, manifested as transient aplastic crisis or fifth
disease, and normal laboratory personnel with serologic evidence of
past parvovirus infection.

Detection of serum B19 virus and antibody. Viral DNAwas de-
tected by extraction of DNAfrom 10 Al of sera (11) and in some cases

cells (12) and dot blot hybridization with a 32P-nick-translated full-
length B19 probe (pYT103; 13). Serum was analyzed for viral antigen
and anti-B119 virus specific IgM and IgG by RIAs (14). Electron mi-
croscopy was performed on pellets after ultracentrifugation of 50 ,l of
serum; negative staining was done using 3% phosphotungstic acid,
pH 6.5.

Immunoblot. Virus from the serum of a patient with transient
aplastic crisis was separated from other serum components by centrifu-
gation through 40% sucrose at -100,000 g for 6-16 h (4). Virus was
resuspended in PBSand, after heating to 90-100°C for 10 min under
reducing conditions, electrophoresed in 8%SDS-polyacrylamide (15).
After electrophoretic transfer to nitrocellulose, individual lanes were
incubated with separate sera in a Deca-Probe apparatus (Hoefer Scien-
tific Instruments, San Francisco, CA) for 1 h at room temperature. IgG
was detected by incubation of the filter with '251-Protein A or '251I-goat
anti-human IgG (New England Nuclear, Boston, MA) and IgM by
incubation with rabbit anti-human IgM (Miles Laboratories, Naper-
ville, IL) followed by '251-goat anti-rabbit IgG (New England Nuclear)
by the nonfat dry milk-antifoam-thimerosal (16) method.

Detection of neutralizing antibody. Sera from the patient were
tested for their ability to abrogate the cytotoxic effect of B19 virus in
erythroid colony formation assays (3, 4). Appropriate controls were
selected with approximately equivalent quantities of anti-B 19 specific
IgG and IgM determined by RIA. 75 Al of heat-inactivated serum or
dilutions were incubated with B19-containing serum at 4°C overnight
and then serum mixes were incubated with fresh bone marrow mono-
nuclear cells for 4 h at 4°C. Erythroid colony-forming cell- (CFU-E)'
derived colony formation was assayed after incubation of cells in
semisolid media at 37°C, 5%CO2, 95% humidity for 7-8 d.

Cell proliferation assay. PBMCfrom heparinized blood were pre-
pared by Ficoll-Hypaque density gradient sedimentation and washed
twice in RPMI 1640 medium with 2%autologous serum or FCS. Cells
were cultured at a concentration of 2-3 x 106/ml in 150 Ml total
volume in 96-well microtiter plates in RPMI 1640 medium containing
either 15% autologous serum or FCS with supplemental glutamine,
penicillin, and streptomycin; cultures remained at 37°C and 95%CO2
until harvested at days 2, 4, or 6. Test mitogens and antigens included
PHA, Con A, PWM,candida, tetanus toxoid, streptolysin 0, and dilu-
tions of partially purified B19 parvovirus or empty parvovirus capsids.
Virus was purified by passage of serum over a 40% sucrose cushion at
38,500 rpm X 16 h and suspension of the pellet in - 100 MAl of PBS;
samples from uninfected sera were prepared similarly. Virus content
was estimated by dot-blot analysis with a radioactively labeled virus-
specific DNAprobe. The serum used (Gray) contained only virus and
was free of immune complexes as determined by electron microscopy.
In addition, a lysate of a genetically engineered cell line that produces
empty B 19 parvovirus capsids (17) was also used as an antigen in some
experiments. Proliferation was determined by counting washed cells
after a 4-h incubation with [3H]thymidine (New England Nuclear; 20
Ci/mmol sp act), I MCi/well.

Results

Normal humoral response to B19 parvovirus infection. B19
parvovirus has two capsid proteins, which are encoded by
overlapping transcripts from the right side of the genome (Fig.
1; 18, 19). The major species, termed VP2, is 58 kD and con-
stitutes 90% of the capsid protein (18); the minor species
(VP1) is 83 kD and includes 227 amino acids at the amino
terminus not present in the major capsid protein species. The

1. Abbreviations used in this paper: CFU-E, erythroid colony-forming
cells.
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Figure 1. Immunoblot of sera
from patients with a history of
acute B 19 parvovirus infection
and nonimmune controls.
Serum containing B 19 virus or
nonviremic serum was electro-
phoresed in 8% SDS-PAGE
under denaturing conditions,
and after transfer to nitrocellu-
lose each lane was exposed to a
different serum sample; all sera
were tested at a dilution of 1:50.
Antibody binding was detected
by autoradiography after incuba-
tion with '251-goat anti-human
IgG. Arrows, position of the 58-
and 83-kD capsid proteins.
Shown below each lane are titers
of virus-specific IgG and IgM
determined by capture RIA (ex-
pressed in arbitrary units) and
the presence (+) or absence (-)
of B19 DNAin serum or periph-
eral blood leucocytes determined
by dot blot hybridization for the
same blood samples. (A) Im-
munoblot of sera from patients
with acute parvovirus infection
with B19 antigen (transient
aplastic crisis [TAC] in hemo-
lytic disease, erythema infectio-
sum [El] or fifth disease in a
normal person). In three cases,
paired samples were obtained
early, on diagnosis of infection,
and during the late convalescent
phase; (B) immunoblot of the
same sera using nonviremic
serum as antigen; (C) immuno-
blot of nonimmune sera from
hematologically normal donors
and hematologic controls with a
history of frequent transfusions
using B 19 parvovirus as antigen.
Beneath the autoradiograph is a
reference diagram of a simplified
version of the genomic organiza-
tion of the B19 parvovirus; note
the overlap of the transcripts for
the major and minor capsid pro-
teins and the small region
unique to the VPI sequence.
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capsid proteins predicted from analysis of the B19 genomic
sequence have been detected using either convalescent human
serum after in vitro translation (19) or by rabbit polyclonal
serum directed against fusion proteins, which were produced
in genetically altered bacteria that carry a portion of the capsid
protein gene (20).

Weexamined 15 sera from patients in whomB19 parvo-
virus infection had been established by detection of antibodies
in a capture radioimmunoassay; on Western analysis, anti-
body specificities for either the 58-kD capsid protein, the
83-kD capsid protein, or both species were always present.
Examination of paired specimens from early and late during
the convalescent phase showed a consistent pattern of protein
recognition (Fig. 1 A). At the time of viremia, IgG antibody to
virus was often not detected by immunoblot; however, when it
was detected, sera reacted only with the major capsid protein
of 58 kD. During early convalescence (< 1 wk from viremia),
antibody to the major capsid protein was the predominant or
exclusive reactivity. Weeks to months after infection or in sera
from an immune population routinely screened, reactivity to
the 83-kD protein was present and often dominant. Because
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much less of the 83-kD protein is present in virus and therefore
on the nitrocellulose used for immunoblotting, the Western
method probably underestimated the amount of 83-kD spe-
cific antibody in serum. In addition, failure to detect a major
capsid protein reaction indicated that epitopes present at the
amino-terminal end of the 83 kD, which are not shared be-
tween the two capsid proteins, are specifically recognized.
There was no reaction of immune sera to a mock preparation
of antigen from a nonviremic individual (Fig. 1 B), nor did
nonimmune sera from normal individuals or frequently trans-
fused patients with hematologic diseases bind to parvovirus
capsid proteins (Fig. 1 C).

Commercial immunoglobulin preparations also contained
anti-B 19 parvovirus antibodies. All of seven lots (six Gammi-
mune, Cutter, Elkhart, IN; one Gammagard, Hyland, Glen-
dale, CA) contained antibodies determined by RIA, and four
of four lots showed specificities to both 58- and 83-kD capsid
proteins by immunoblot (Fig. 2).

Antibody response to B19 parvovirus in persistent infection.
In the first case of persistent infection, both IgM and IgG
antibodies specific for B19 parvovirus were readily detected by
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Figure 2. Immunoblot of commercial preparations of immunoglobu-
lin. Six lots of Gammimmune-N(Cutter Biologicals; abbreviated as
C with lot number) and one lot of Gammagard (Hyland Laborato-
ries; abbreviated H with lot number) were assayed at 1:50 dilutions
as described in the legend to Fig. 1. Arrows indicate the position of
the 58- and 83-kD major and minor capsid proteins. The dense band
migrating at 55 kD represents the heavy chain of IgG. No immuno-
globulin was added to the lane labeled "neg."

Figure 3. Electron micrograph of parvovirus in patient T.W.'s serum
(from 23 - vl - 86). Viral particles were visible after sedimentation,
without added anti-B 1 9 parvovirus serum because of aggregation by
patient's antibody, mostly IgM (negative stain, X173,000, Bar, 100
nm).
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r gure v. immunooUoV Ol sera irom paL1ienI i. w. wILn congenim ilm-
munodeficiency and persistent parvovirus infection. Experiments
were performed as described in the legend to Fig. 1, except that anti-
parvovirus IgM (A) was detected using rabbit anti-human IgM fol-
lowed by '25I-goat antirabbit IgG, and antiparvovirus IgG (B) was de-
tected using '251-protein A. Arrows show the position of capsid pro-
tein bands of 83 and 58 kD. IgM, which contaminates the virus
pellet, is apparent as multiple bands in A. The reciprocal of the dilu-
tion of serum reacted and the titer of antibody by RIA are shown

a capture RIA. In addition, IgM antibodies apparently cross-
linking virus particles were visualized by electron microscopy
of centrifuged sera from the patient (Fig. 3). However, multiple
serum samples failed to react with electrophoresed capsid pro-
teins on immunoblotting for Bl 9 parvovirus-specific IgG and
IgM (Fig. 4). (Apparent slight reactivity in one sample only
was probably due to recent transfusion with immune plasma
from the patient's father.)

-200 To determine whether the absence of anticapsid protein
specificity in serum on immunoblot was a consistent feature of
persistent infection, we examined sera from other patients

-97 4 with chronic B19 parvoviremia (Fig. 5). Persistent parvovirus
-68 infection has been documented in children with acute lympho-

cytic leukemia in remission receiving immunosuppressive che-
motherapy. Sera obtained from these children during periods

--43 of viremia and anemia failed to react with capsid proteins on
immunoblotting and also had low titers of virus-specific IgG

- 2 5. 7 and IgM on RIA, whereas sera from periods in which virus
temporarily disappeared from the circulation and at ultimate
recovery did react on immunoblot (Table I). In a patient with

l-)( AIDS who clinically presented with pure red cell aplasia, anti-
body initially was lacking by both tests. He later recovered
erythropoiesis with immunoglobulin therapy (10). A serum

46 sample obtained 1 yr later showed high antibody titers by RIA
but no reactivity on Western analysis. As summarized in Table
I, no reaction or, in one case (E.Fo.), a weak reaction on im-
munoblotting was a consistent feature of the immune response
in patients who developed virus persistence. Reactivity of sera
from patient E.Fo., as well as from the two patients with leu-
kemia after eventual clearance of virus, was only directed
against the 58-kD major capsid protein, and these sera consis-
tently failed to detect the 83-kD minor capsid protein.

Discordance between the results of the capture RIA, im-
mune electron microscopy, and immunoblot might have a
quantitative or qualitative explanation. As the RIA and elec-
tron microscopy also detect immune complexes (14), a quan-
titative defect in antibody production could result in a defi-

200 ciency in free antibody for immunoblot detection. Alterna-
tively, patients might produce qualitatively abnormal
antibody, capable of binding to conformational determinants

- 97.4 of particles in the RIA but not of binding to epitopes of capsid
- 68 protein as presented on immunoblot. To test these hypotheses,

we mixed dilutions of virus with sera containing antibody be-
fore immunoblotting. Although some adsorption of binding

-43 activity was observed, the amount of virus required to decrease
the intensity of the immunoblot reaction was at least 10-fold

-25.7 the highest concentration of virus present in the blood of T.W.
and many more orders of magnitude higher than the virus

00 concentration present in E.Fr. or C.L. This result suggested the
presence of a qualitative defect in antibody recognition of virus

39 proteins.
< 1 Neutralization of virus activity by sera. B19 parvovirus has

only been propagated in human erythroid bone marrow cells.

below the autoradiograph. Patient T.W.'s sera on the dates tested
contained parvovirus. Positive control samples (+) from patients
with a history of parvovirus infection were selected for equivalent
titers of IgG and IgM antibody to parvovirus by RIA. The negative
control (-) that lacked B19 parvovirus antibody was from a multiply
transfused sickle cell anemia patient.
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Figure 5. Immunoblot of sera from patients with persistent parvovirus infection. Underlying diagnoses are indicated above the autoradiograph
(congenital immunodeficiency [CID], acute lymphocytic leukemia [ALL], AIDS) and the antibody titer by RIA below. The method was as de-
scribed in the legend to Fig. 1. All patient sera were tested at a dilution of 1:20; the control serum was at 1:50. Arrows show the position of cap-
sid protein bands at 58 and 83 kD.

LU

E
E

E

50 100

reciprocal serum dilution

Figure 6. Neutralization of parvovirus activity by
sera from persistently infected patients T.W. (A) and
E.Fr. (B). Normal sera were selected for equivalent
antibody titers by RIA for experiment A. Sera con-

taining antibody to virus were diluted as shown on

the abscissa. CFU-E-derived colony formation was al-
most completely inhibited by the addition of virus
alone or by virus mixed with nonimmune serum.

Bars represent SEM.
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Ability of the virus to inhibit erythroid colony formation pro-
vides an assay of virus activity (3, 4). The virus is most cyto-
toxic at the stage of a late erythroid progenitor cell (CFU-E);
the appearance of erythroid colonies at 7-8 d in semisolid
medium enriched with erythropoietin is virtually eliminated
by preincubation with B19 parvovirus.

We tested sera for their ability to abrogate inhibition of
erythroid colony formation by virus, comparing sera from two
patients that contained anti-B19 parvovirus antibodies (Fig.
6). Compared with sera from normal persons, who were se-
lected for similar titers of anti-B19 parvovirus IgG or IgM
determined by capture RIA, the serum of the child with Neze-
lof's syndrome was obviously deficient in neutralizing activity
(Fig. 6 A). Similarly, the serum from a patient with acute
lymphocytic leukemia in remission also had very poor neutral-
izing activity in comparison to another normal convalescent
phase serum (Fig. 6 B). Sera from both persistently infected
patients had poor reactivity on Western analysis but measur-
able titers of antibody by capture RIA.

Although sera from normal exposed individuals consis-
tently neutralized virus, there were differences in potency
among sera at dilutions higher than 1:50, and the sera that
were most effective at blocking virus infectivity also showed
the intensest reaction on immunoblot (Fig. 7). These results
suggest that the ability of sera to react with denatured capsid
proteins on immunoblot could be approximately correlated to
their capacity to neutralize virus infectivity. We similarly
compared serum specimens in which reactivity on immuno-
blot was predominantly directed to the major capsid species
(58 kD) or to the minor capsid protein (83 kD) (Fig. 8). The
equivalent neutralizing ability of these sera indicated that even
serum containing antibody restricted to the unique portion of
the minor capsid protein, as develops during convalescence,
was fully capable of inhibiting infectivity of virus.

Inability to detect a cellular response to B19 parvovirus.
Multiple attempts were made to detect a proliferative response
by peripheral blood cells to B19 parvovirus. Using prepara-
tions of unfractionated blood mononuclear cells from sero-
positive normal donors, variable concentrations of purified
virus, and different times for harvest of cultures, no increase in
incorporation of radioactive thymidine was observed (Fig. 9).
Because of the possibility that immune complexes formed with
antibodies present in autologous serum might block cell access
or inhibit proliferation, experiments were performed in which
FCS or parvovirus antibody-negative human serum replaced
autologus serum, and empty parvovirus capsids generated
from a cell line and serum containing virus served as antigens.
Under these conditions, we were again unable to detect a pro-
liferative response to virus antigen at 3-7 d (data not shown).

Discussion

In normal individuals infected, either naturally or experimen-
tally, with B19 parvovirus antibodies to virus form rapidly,
usually within a week of inoculation (21). Fifth disease is itself
an antibody-mediated, probably immune complex disorder,
occurring at the time that antibodies are present in the circu-
lation and seldom associated with the presence of virus in
serum (22). (We have observed classic symptoms of fifth dis-
ease in immunosuppressed, persistently infected patients fol-
lowing immune plasma [E.Fr.] or immunoglobulin [E.Fo.]

-.oo:~.

8(n- Ier>~~~~~~~~~~~~~~~
.~~~l

II

*4 X

20 ~

L. '.l 3,1< :.

- .0 :. .:.'

_l-.
?;'

Figure 7. Neutralization of parvovirus activity by sera from normal
individuals. Three normal sera were selected based on varying
strength of reaction on immunoblot (inset). Bars represent SEM.

therapy.) On immunoblot of normal sera early after infection,
antibody specificity to the 58-kD capsid protein predominates;
a similar result has been recently reported by others (23). The
amino acid sequence of the 58-kD major capsid protein is
contained within the 83-kD minor capsid sequence, and anti-
bodies may recognize some unique features of the major cap-
sid protein. Such MAbs with specificity for the major capsid
protein of canine parvovirus have been produced (24). Late in
convalescence the 83-kD species antibody specificity predomi-
nates; these antibodies presumably recognize the unique 227-
amino acid region of the larger protein. The topology of the
major and minor proteins on the parvovirus capsid surface is
not known. The unique region of the 83-kD protein has areas
of pronounced hydrophilicity and several predicted alpha he-
lices at the amino terminus, which might contribute to its
immunogenicity (25).

Formation of neutralizing antibodies is a consistent feature
of acute infection in animals by members of Parvoviridae (26).
Diluted sera from patients who have been exposed to the virus
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Figure 8. Neutralization of parvovirus activity by normal sera. The
ability of sera to block inhibition of erythroid colony formation by
virus infection was determined by paired sera from a normal child.
Serum obtained in early convalescent phase predominantly bound
58-kD capsid protein, and late convalescent phase serum bound
83-kD protein as shown in the inset immunoblot. Bars represent SEM.
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can partially or entirely neutralize the inhibitory effect of virus
on erythropoietic colony formation; sera containing either
IgM or IgG have virus neutralizing ability (4). Sera that con-
tain antibodies directed predominantly to the 83-kD minor
capsid protein specificities were equivalent to sera containing
predominantly anti-58-kD major capsid specificities (experi-
ments with diluted sera indicated that this was not an artifact
secondary to underestimation of the amount of antibody to
the minor capsid species by the immunoblot technique). In
contrast, we were unable to demonstrate a proliferative cellu-
lar response to B19 parvovirus, using a number of donors and
under a variety of experimental conditions. Lymphocytes
from some mink infected with Aleutian disease virus also fail
to proliferate in vitro on exposure to virus (27-29). Our results
would suggest that the humoral response to B19 parvovirus is
most important in resolution of disease, a conclusion rein-
forced by clinical trials.

Persistent infection with B19 parvovirus in humans causes
chronic anemia. Persistence has been observed in the fetus (30)
and in three populations of immunosuppressed patients: con-
genital immunodeficiency, acute lymphocytic leukemia re-
ceiving chemotherapy, and AIDS. However, none of the pa-
tients that we have studied suffered obviously from other op-
portunistic infections. In other words, chronic parvovirus was
the major clinical consequence of their presumed immune
deficit, suggesting that in some patients the immune deficit
may be restricted, subtle, and only apparent in retrospect. Par-
voviruses can infect lymphocytes (31-33), and a strain of the
rodent parvovirus minute virus of mice is specifically lympho-
trophic and immunosuppressive (33). Although it is not possi-
ble to exclude rigorously an effect of the human parvovirus on
the immune response, we have not been able to demonstrate
B19 parvovirus replication in lymphocytes cultured in vitro or
the presence of the virus in lymphocytes of persistently in-
fected patients (Kurtzman, G. J., and N. S. Young, unpub-
lished data).

Persistent infection of animal parvoviruses in young hosts
is common: virus is shed in feces and urine for long periods
after initial inoculation, during either convalescence or in la-
tent infection, in mink (34), cats (35), and pigs (36). The rela-

tionship of persistent animal parvovirus infection to antibody
production is complicated. Formation of neutralizing antibod-
ies is believed to have a major role in resolution of acute
infection in adult animals (37), but virus-specific antibodies
are often present in persistently infected neonatal animals, and
abnormally elevated titers of antibody have been associated
with latency. Reappearance of clinical illness in animals has
followed immunosuppressive therapy. In Aleutian mink dis-
ease, which is chronic and often fatal, tissue damage is the
result of deposition of immune complexes of parvovirus anti-
gen and antiviral IgG antibodies that fail to neutralize vi-
rus (38).

In our experiments, there was discordance between the
results of capture RIA and immunoblot in detection of anti-
parvovirus antibody. As these patients were viremic, one obvi-
ous explanation is that antivirus antibody was present in com-
plex with virus. Such complexes with IgM were visualized by
electron microscopy of T.W.'s sera. Antibodies in immune
complexes would be predicted to be detected in the capture
RIA, as they would bind to plastic coated with anti-human
IgG and IgM antibodies, and virus in complexes could be
recognized by the antivirus MAb. In the absence of free anti-
body or antigen binding sites, antivirus antibody in complexes
would not be detected in immunoblot. However, control ex-
periments showed that failure to react on immunoblot was not
a consequence of immune complex formation. A qualitative
antibody defect was further suggested by the presence of some
activity in neutralization assays, indicating the availability of
free antigen bindings sites. These results suggest that some
patients (leukemia in remission with chemotherapy) do not
produce anti-B19 parvovirus antibody (a quantitative defect)
and that other patients (congenital and acquired immunodefi-
ciency) may produce antibodies that fail both to recognize
capsid protein epitopes and to neutralize virus activity. An
example of a combined quantitative and qualitative defect in
antibody production in response to viruses is infection of fer-
rets with Aleutian disease virus: in animals with low titers of
antibody, antibody is directed primarily against conforma-
tional virus determinants, whereas ferrets with high titers also
produce antibody to sequential determinants detectable on
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Figure 9. Cellular response to parvovirus. Peripheral
blood mononuclear cells from patient T.W. with per-
sistent infection, his mother (with high titers of anti-
B1 9 antibodies by RIA), three individuals with sero-
logic evidence of past parvovirus infection (S.S., J.H.,
and G.K.) and a seronegative person (H.L.) were as-
sayed for proliferation in response to purified B1 9
parvovirus at varying concentrations (1 2`- 1O-' dilu-
tions of a preparation that contained genome 1O" ge-
nome copies/ml; shaded bars), to normal sera pro-
cessed as for virus purification (open bars), and to
test antigens candida, tetanus, and PHA. Cells incu-
bated in medium without antigen or mitogen served
as a negative control (medium). In this experiment,
cells were incubated for 7 d with test antigens before
addition of [3H]thymidine; there was also no reactiv-
ity to B1 9 parvovirus at 3 d.
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Western analysis (39). In general, animals repeatedly exposed
to antigen not only switch from IgM to IgG production but
also show progressively higher levels of IgG with increasing
affinity and specificity (40). The late production in normal
persons of neutralizing IgG that is directed toward more re-
stricted epitopes on the Bl9 parvovirus minor capsid species
may be the result of selection of B cell clones. In patients
persistently infected with B19 parvovirus, the prolonged pe-
riod of elevated antivirus IgM (Table I) as well as the lack of
antibody specificity for the 83-kD minor capsid species would
also support a class switching defect.

The major immune response to B19 parvovirus appears to
be humoral. Based on these data, we have treated several per-
sistently infected patients with immunoglobulin preparations.
T.W. received both his father's plasma and commercial immu-
noglobulin; he experienced a transient reticulocytosis to 8%
and erythroid precursors appeared in the bone marrow, al-
though the hemoglobin did not rise, possibly due to iatrogenic
hemolysis from the high concentrations of IgG infused. E.Fr.
underwent a course of treatment with his father's plasma and
experienced a brief reticulocyte response as well as severe fifth
disease; sufficient plasma could not be administered to sustain
antiparvovirus immunoglobulin levels. E.Fo. has received very
high doses of commercial IgG and has had a complete hemato-
logic remission, associated with disappearance of virus from
the circulation (7). Correction of the antibody deficit in persis-
tently infected patients may allow reversal of their hematologic
disease.
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