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Acute human parvovirus B19 infection is followed by an antibody response to the structural proteins
of the viral capsid (VP1 and VP2). We used 80 sera collected from 58 erythema infectiosum and 6
transient aplastic crisis patients to test IgM and IgG antibodies against these two proteins in an immu-
nofluorescence assay (IFA) using Sf9 cells infected with recombinant baculovirus expressing either VP1
or VP2 antigen. Although less sensitive than IgM capture enzyme immunoassay using native antigen
(MACEIA), we could detect anti-VP1 or anti-VP2 IgM antibodies by IFA  in 49 patients with acute
infection (76.6%). Detection of IgG anti-VP1 and anti-VP2 by IFA, however, was as sensitive as IgG
detection by indirect enzyme immunoassay. By applying IgG avidity IFA  to  sera of the 15 IgM IFA
negative patients we were able to confirm acute infection in  further 12 cases by IFA. Overall, acute
infection was confirmed by IFA in 61 (95.3%) of the 64  patients.
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Infection with human parvovirus B19 is com-
mon and has a worldwide distribution. Infection
may be asymptomatic or associated to a wide spec-
trum of disease including erythema infectiosum
(EI), transient aplastic crisis (TAC), hydrops fetalis
and acquired pure red cell aplasia (Young 1996).
Acute infection is followed by an antibody response
to the virus and laboratory diagnosis is most often
made by detecting specific IgM and IgG antibod-
ies in patient’s serum (Anderson et al. 1985). As
parvovirus B19 does not grow readily in cell cul-
ture, the first assays established to detect anti-B19
IgM antibodies were developed using native virus
obtained from  viremic plasma of acute phase pa-
tients or blood donors (Cohen et al. 1983, Ander-
son et al. 1986). Later, synthetic peptides (Fridell
et al. 1991) and  recombinant antigens produced
in different  protein expression systems   (Morinet

et al. 1991, Schwarz et al. 1991, Söderlund et al.
1992) were used to replace limited native antigen
and avoid the risk of working with infectious anti-
gens. The best expression system has proved to be
Spodoptera frugiperda (Sf9) cells and recombinant
baculovirus not only because of the high level of
antigen achieved (Brown et al. 1990a) but also be-
cause empty capsids are formed when the major
structural protein, VP2, is expressed either alone
or together with the minor structural protein, VP1
(Kajigaya et al. 1991, Brown et al. 1991). During
recent years, we have used a native B19 antigen in
an in house IgM capture enzyme immunoassay
(MACEIA) to diagnosis acute infection (Cubel et
al. 1992, 1997, Oliveira et al. 1996). This paper
now  describes  an in house immunofluorescence
assay using Sf9 cells infected with recombinant
baculovirus expressing either VP1 or VP2. The
assay was used to detect the antibody response
against VP1 and VP2 EI and TAC patients.

 MATERIALS AND METHODS

Serum samples - In this study, we used 80 sera
collected from 64 patients with EI (58) or TAC
(6); 16 sera collected from 13 patients (rash dis-
ease=12 and TAC=1) without acute B19 infection
were also included as controls. The sera had  pre-
viously been tested for anti-B19 IgM  by MACEIA
using the native virus as antigen (Cubel et al. 1994)
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and for anti-B19 IgG using baculovirus recombi-
nant capsids (Kajigaya et al.1991) containing VP2
(70%) and VP1 (30%) in a indirect enzyme immu-
noassay (EIA) (Cubel et al. 1997). All sera were
now tested for anti-B19 IgM and IgG using Sf9
cells expressing both VP1 and VP2 by immunof-
luorescence assay (IFA) as described bellow.

IFA
 Slide preparation - Sf9 cells growing in Hink’s

medium suplemented with 10% fetal calf serum
were infected with recombinant AcVP1 or AcVP2
(Hicks et al. 1996) at a multiplicity of infection of
10 virus particles per cell. For IgG tests the cells
were harvested after 48 h and after 72 h for  IgM
detection. Equal amounts of infected and non-in-
fected cells were mixed and approximately 5,000
cells per well  were spotted onto 12-well silane
treated slides. After acetone fixation at 4°C for 5
min, the slides were dried and stored at -20°C until
used. Slide preparations for IFA were standardized
using standard human anti-B19 IgM and IgG sera
and normal human serum supplied by Virus Ref-
erence Division, Central Public Health Laboratory
(VRD/CPHL), UK.

Antibody detection by IFA - For IgM all sera
were treated with Reumatoid Factor Absorbent
(Behring) before being tested. Treated sera (final
serum dilution is 1 in 20)  were added to different
wells and incubated at 37°C for 2 h. Slides were
washed in phosphate buffered saline (PBS) plus
0.05% Tween 20 (PBS/T). FITC-conjugated goat
anti-human IgM (Behring) was then added and the

slides incubated a further 30 min at 37oC. For the
IgG, serum were diluted in 1 in 20 and incubated 30
min at 37ºC. After washing  with PBS/T, FITC con-
jugated goat anti-human IgG (Behring) was used.

Antibody avidity test - IgG antibody avidity was
examined by the modification of IFA as described
by Gray et al. (1993). In this assay serum dilutions
from 1 in 10 to 1 in 10240 were applied to dupli-
cate slides with VP1 or VP2 infected Sf9 cells.
After a first incubation of 60 min, slides were
washed either with PBS containing 6M urea or PBS
alone. IgG antibody  was considered low avidity
when  an eight-fold decrease in the antibody titer
was found with the urea washed slides compared
to those washed without urea (Gray et al. 1993).
The percentage of IgG avidity was calculated by
the ratio of the antibody titers (urea+/urea-) x 100
(Söderlund et al. 1995a).

RESULTS

The distribution of VP1 and VP2 antigen in Sf9
cells examined by IFA, 48 and 72 h post infection
(p.i.), is shown in Fig. 1. We chose to use cells  72 h
p.i. to detect IgM because the sensitivity was higher
than when we used cells 48 h p.i. In contrast, to
detect IgG, better discrimination between positive
and negative sera was achieved when using cells
48 h p.i.

IgM detection - Sixty-four patients were stud-
ied and from 16 of them two serum samples were
available. Fig. 2 shows anti-B19 IgM antibody dis-
tribution as detected by MACEIA according to the
time of sample collection for the 52 patients where

Fig. 1: Sf9 cells expressing VP1 or VP2, as mesured by IFA using standard human serum - IgG anti-B19 (100 u.a. RIA). A:  Sf9
cells after 48 h infection with AcVP1; B: Sf9 cells after 72 h infection with AcVP1; C: Sf9 cells after 48 h infection with AcVP2;
D: Sf9 cells after 72 h infection with AcVP2; E: Sf9 cells after 72 h infection with AcVP1 and IFA using normal human serum
(negative control).
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this information was available. Six patients from
whom we had two serum samples were negative
by MACEIA in one of the two samples collected.
Three of these 6 IgM negative samples were col-
lected more than 15 days after disease onset (16,
29 and 60 days) and for the other 3 sera these data
were not available. From a total of 74 MACEIA
positive sera, 52 were IFA positive for IgM anti-
bodies to VP1 and 40 to VP2. Two IFA IgM anti-
VP1 positive sera were found among the 22
MACEIA negative sera, but none of them was posi-
tive for IgM anti-VP2 (Table I). IgM anti-VP2
negative results by IFA  were found mainly with
sera collected very early (1 to 2 days) or those col-
lected more than 6 days after disease onset. For
anti-VP1 IgM no correlation was found between
IFA results and days after disease onset (Fig. 2).
Most of the IFA IgM negative sera, either with VP1
or VP2 antigen, showed low P/N ratios in MACEIA
(Table II). Overall, of the 64 acutely-infected pa-
tients studied, IgM was detected by IFA in 49
(76.6%), 35 patients being IgM IFA positive with
both VP1 and VP2, 12 patients positive only with
VP1, 2 patients positive only with VP2. Fifteen
were negative for both antigens. Of 13 controls, 2
were positive for anti-VP1 IgM by IFA.

TABLE I

Anti-B19 IgM antibodies by MACEIA and IFA in 96
sera collected from 64 acute B19 infections and 13

control cases

VP1(IFA) VP2(IFA)

MACEIA Positive Negative Positive Negative Total

Positive 52 22 40 34 74
Negative 2 20   0 22 22

Total 54 42 40 56 96

Fig. 2: days after disease onset and detection of anti-B19 IgM
antibodies  by MACEIA and anti-VP1 and anti-VP2 IgM anti-
bodies by immunofluorescence in 61 sera from 52 patients
with recent B19 infection
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TABLE II

Anti-VP1 and Anti-VP2 IgM antibodies by IFA related to P/N values in MACEIA

MACEIA    VP1 (IFA)        VP2 (IFA) Total

P/N Positive Negative Positive Negative

    0-1.9 2 20 0 22 22
 2.0-3.0 15 20 8 27 35
 3.1-5.0 15 1 15 1 16

  5.1-10.0 20 1 15 6 21
10.1-20.0 2 0 2 0 2

Total 54 42 40  56 96

X ± σa 4.9 ±2.97 2.0± 1.05 5.4 ± 3.10 2.5 ±1.66

a: average and standard deviation for P/N values of the sera in the same class, i.e. VP1 or VP2 positive and negative
by IFA

IgG detection - Of 81 IgG EIA positive sera
from patients and controls tested by IFA, all were
positive for anti-VP1 IgG and 80 for anti-VP2 IgG.
Of 15 IgG EIA negative sera, two were IFA posi-
tive, one positive with both VP1 and VP2 and one
positive with VP1 only (Table III). IgG EIA P/N
ratios for negative and positive sera by IFA is
showed in Table IV.

TABLE III

Results of anti-B19 IgG antibodies by EIA and
immunofluorescence in 96 sera collected from 64

acute B19 infection and 13 control cases

VP1(IFA) VP2(IFA)

EIA Positive Negative Positive Negative Total

Positive 81   0 80   1 81
Negative   2a 13   1 14 15

Total 83 13 81 15 96

a: one of the two EIA negative and VP1 positive sera
was also positive to VP2.
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IgG avidity - Twenty serum samples from 15
patients IgM positive by MACEIA but negative
by IFA with both VP1 and VP2 were tested for
IgG antibody avidity to confirm acute infection
(Table V). IgG avidity test confirmed acute infec-
tion in 12 of the 15 patients. Three of them  (cases
4, 8 and 12) were confirmed by low IgG antibody
avidity with both VP1 and VP2 and 9 were con-
firmed either with VP1(cases 2, 5, 7, 9, 10 and 14)
or VP2 (cases 3, 11 and 13). One other patient (case
15) had only one serum sample collected during a
TAC and this sample was IgG negative by IFA
with both VP1 and VP2. Sera from two other pa-
tients (cases 1 and 6), although IgG positive by

TABLE IV

Anti-VP1 and Anti-VP2 IgG antibodies by IFA related to P/N values in EIA IgG test

EIA    VP1 (IFA)        VP2 (IFA) Total
P/N Positive Negative Positive Negative

    0-2.0 2 13 1 14 15
 2.1-5.0 56 0 55 1 56

  5.1-10.0 24 0 24 0 24
10.1-15.0 1 0 1 0 1

Total 83 13 81 15 96

X ± σa 4.3 ±1.9 1.2±0.18 4.3±1.88 1.3±0.44

a: average and standard deviation for P/N values for sera in the same class, i.e., VP1 or VP2 positive and negative
by IFA

TABLE V

IgG avidity test results for 20 sera collected from 15 anti-B19 IgM negative cases by IFA and positive
 by MACEIA

Patients Age Clinical Days after Anti-VP1 Anti-VP2 Antibody
diagnosis onset IgG titer IgG titer avidity(%)

VP1   VP2

  1 22 y EI 19 20 20 NT
  2 11 y EI 15 160 40 <6.25    NT
  3 10 y EI na 20 20 NT

na 640 640 25   12.5
  4 9 y EI na 160 80 <12.5   <25

na 160 640 <12.5  6.25
  5 na EI 3 160 80 12.5    25

29 20 20 NT
  6 na EI 2 40 40 NT

16 20 20 NT
  7 na EI 11 20 20 NT

25 80 20 12.5   NT
  8 na EI 20 2560 640 3.12   1.56
  9 8 y EI 5 160 40 <6.25   NT
10 6 y EI 5 160 10 <12.5   NT
11 12 y EI 4 160 >10240 25  <1.56
12 7 y EI 2 160 2560 6.25   6.25
13 6 y EI 1 160 640 25   6.25
14 10 y EI 4 160 40 <6.25    NT
15 17 y TAC na <10 <10 NT

NT: not tested; na: not available

IFA, had low levels (<80 ) with both VP1 and VP2
and they could not be confirmed as acute infection
by demonstrating low avidity antibody.

Overall, we were thus able to diagnose by IFA
61 (95.3%) of 64 acute B19 infections, 49 by IgM
detection and 12 by low avidity IgG.

DISCUSSION

B19 antibody detection (IgM and IgG) by IFA
using baculovirus infected cells expressing VP1
was first described by Brown et al. (1990b). There
is now a commercial IFA  test developed by Biotrin
International Ltd (Ireland) based on  VP1 expressed
in Sf9 cells. Other commercial assays using recom-
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binant baculovirus B19 antigens (VP2) were de-
veloped as enzyme immunoassay. These tests avoid
the disadvantages of IFA such as operator inter-
pretation (Nascimento et al. 1998). Biotrin IgM IFA
detection has an excellent specificity and sensitiv-
ity (Bruu & Nordbo 1995, Cohen & Bates 1995,
Sloots & Devine 1996), and  the corresponding IgG
IFA can be  used to determine IgG avidity (Gray et
al. 1993).

Our results show  that VP1 expressing cells
perform better than those expressing VP2 for IgM
IFA detection. Compared to MACEIA (Cubel et
al. 1994), the sensitivity of VP1 was 70.2% and
VP2 was 52.7%; specificity was 90.9% for VP1
and 100% for VP2. Our in house IgM IFA using
either VP1 or VP2 is less sensitive than that de-
scribed by others, but the specificity is higher (Bruu
& Norbo 1995, Cohen & Bates 1995).   Although
VP2 is the major capsid component of the B19 vi-
ral particle, we believe that VP1 performs better
as antigen for IgM IFA because, although VP2 and
VP1 sequences  overlap in the viral genome
(Cotmore & Tattersall  1984) and VP1 has the same
amino acid sequence as VP2, VP1 has additional
epitopes on the 227 amino acids unique region that
is  external to the virus capsid (Rosenfeld et al.
1992, Saikawa et al. 1993). This VP1 unique re-
gion also seems responsible for eliciting neutraliz-
ing antibodies (Bansal et al. 1993). Among 22
MACEIA negative sera, two were IgM IFA posi-
tive using VP1 as antigen but not with VP2. One
of these 2 sera, however, was IgM positive for ru-
bella. Cross reactivity between rubella and
parvovirus B19 IgM antibodies has been described
previously with B19 IgM assays using either na-
tive virus antigen (Kurtz & Anderson 1985), VP2
(Jensen & Vestergaard 1997), part of VP1/VP2
overlapping region (Fridell et al. 1991, Sloots &
Devine 1996) or VP1 (Bruu & Nordbo 1995,
Cohen & Bates 1995).  This cross reactivity was
showed not to be related to the presence of rheu-
matoid factor (Thomas et al. 1999).

Regarding IgG detection by IFA, we found
similar  results for  both proteins. Compared to EIA
(Cubel et al. 1997) the sensitivity of IFA with VP1
was 100% and with VP2, 98.7%; the specificity
with VP1 was 86.6% and with VP2, 93.3%. The 2
sera IgG negative by EIA and positive by VP1 IFA,
were confirmed as B19 IgG positive by a sensitive
and specific anti-VP1 Western-blotting assay
(Pinheiro et al. 1997), so the anti-VP1 IgG IFA
could be considered 100% sensitive and specific.
Using the same criteria anti-VP2 IgG IFA failed to
detec one  true B19  IgG positive sample.

The kinetics of epitope type (linear/conforma-
tional) specificity in human parvovirus B19 anti-
body responses were studied by Söderlund et al.

(1995b) using recombinant viral capsids as anti-
gen. IgG antibodies of acutely infected patients
recognized both conformational and linear anti-
genic determinants of VP2. IgG to the linear VP2
epitopes disappeared abruptly during late conva-
lescence, whereas  IgG to conformational epitopes
persisted. It is not possible to know whether the
VP1 epitopes, which maintained their immunore-
activity uniformly during follow-up, were predomi-
nantly linear or whether they were conformational
but resisted all the proteins denaturants used in this
study (Söderlund et al. 1995b).  Our IgG IFA re-
sults showed no difference between VP1 and VP2
antigens. This could be due to the use of acute in-
fection sera rather than convalescent sera and also
because VP2 antigens expressed in Sf9 cells form
capsids and so IFA will detect  antibodies against
conformational as well as linear VP2. Keer et al.
(1999) showed that undenatured parvovirus B19
antigens (VP1 or VP2) are essencial for the accu-
rate detection of anti-B19 IgG.

 The great difference in sensitivity between IgM
and IgG detection by IFA is clearly shown in Tables
II and IV. Standard deviation was less than 50% of
the average of P/N ratio for the IgG test and more
than 50% for the IgM assay, reflecting the low sen-
sitivity of IgM test as compared with the IgG test.
Among 35 sera with low P/N ratio in MACEIA
(2.0 to 3.0), 20 were IgM IFA negative using VP1
and 27 negative using VP2 (Table II). This was
not the case with IgG assays (Table IV). The lower
sensitivity of IFA IgM detection may be explained
by the lower IgM anti-B19 response in children
less than 13 years old with EI, as compared with
adults with EI or less than 13 years old children
with TAC (Mortimer 1996).  Nine of our 15 IFA
IgM negative patients were children with EI (Table
V). Only 2 patients were more than 13 years old,
being one in the very early stage of infection (TAC)
and she was IgG negative by IFA and EIA.

Applying IgG avidity test we could diagnose
acute infection for 12 of 15 cases that were negative
for IgM detection by IFA. For 3 of these patients
this diagnosis was only possible because we used
VP2 antigen in IFA as well as VP1.  Gray et al.
(1993),  working with 62 patients, found 100%
agreement between anti-VP1 IgG avidity by IF and
acute infection previously diagnosed by MACEIA
during the first five days after rash. In this paper
they  used 8M urea to characterize IgG avidity by
Biotrin IFA. We could not use 8M urea in our ex-
periments because this urea concentration eluted
antigen from our slides. Testing different urea con-
centrations (4, 6 and 8 M) we verified that 6M urea
eluted low avidity IgG without interfering with the
antigen. A lower concentration of urea (4M) did not
elute low avidity antibody. Low concentrations of
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urea (e.g. 4.7M), however, have been  used for show-
ing low avidity IgG anti-EBV (Weissbrich 1998).

The IgM  detection of anti-VP2 antibodies in
sera from two patients in which we could not de-
tect anti-VP1 antibodies emphasises the need to
use both antigens for B19 IFA. Moreover, we con-
clude that IgG avidity test improves the diagnosis
of acute B19 infection by IFA but remains less sen-
sitive than our in house IgM capture enzyme
immuno assay.
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