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Rheumatoid arthritis (RA) is an autoimmune disease of
unknown etiology, characterized by chronic inflammation
of the synovial membrane (SM) eventually leading to joint
destruction.

Both genetic and environmental factors are believed to
be involved in the pathogenesis of RA, and among the latter
several viral agents have been proposed as possible triggers
of the disease1,2.

On the basis of paleopathological analysis3, several
investigators have focused their attention on parvovirus B19
(B19) which can be responsible for a symmetric arthritis in
adults that can last for a few weeks4; on some occasions the
infection can persist, leading to a chronic arthritis resem-
bling RA5. The virus can induce an autoimmune response
and some of us have shown that anti-virus antibodies are
able to cross-react with autoantigens6. However the search
for B19 DNA in synovial tissue with a very sensitive tech-
nique such as the polymerase chain reaction (PCR) has
yielded conflicting results7-11.

The B19 genome encodes for 2 structural proteins VP1
and VP2 and for the non structural protein NS1, which
seems to be essential for viral packaging12.

Recently, some investigators have reported that NS1 is
cytotoxic to hemopoietic cells13 and is able to induce over-
expression of the proinflammatory cytokine interleukin
(IL)-6 gene in vitro14. Moreover, NS1 has been associated
with the persistence of the virus7, and antibodies directed
against NS1 may therefore be used as a marker of chronic
infection15,16.

Most of the studies published so far have evaluated the
persistence of B19 by amplifying the VP genes using nested
PCR, or the NS1 gene using single round-PCR. In consider-
ation of the possible importance of NS1 gene in chronic
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ABSTRACT. Objective. To amplify both NS1 and VP genes of Parvovirus B19 DNA in synovial membrane (SM)
and serum obtained from patients with rheumatoid arthritis (RA) and to analyze whether the pres-
ence of viral DNA is correlated with  synovitis.
Methods. DNA obtained from 30 SM and 24 serum samples from RA patients was analyzed using
single round-polymerase chain reaction (PCR) and nested PCR for both VP and NS1 genes of
parvovirus B19. Twenty-four SM and serum samples from sex and age matched subjects with
osteoarthritis (OA) or joint trauma served as controls.
Results. The first round PCR was negative for NS1 in RA samples. After nested PCR, NS1 was
detected in the SM of 6/30 patients and of 10/24 controls and in the serum of 4/24 patients and
controls. Nested PCR for the VP gene detected viral DNA in the SM of 7/30 patients with RA and
of 7/24 of the controls and in the serum of 5/24 patients and of 2/24 controls. Altogether parvovirus
DNA was found in the SM of 11/30 (36.6%) patients and of 12/24 (50%) controls and in the serum
of 8/24 (33.3%) patients with RA and of 5/24 (20.8%) controls.
Conclusion. Our results suggest that the amplification by nested PCR of both NS1 and VP genes is
necessary to define the presence of viral DNA in tissue samples and confirm that the presence of
parvovirus B19 DNA is similar in RA and control SM, suggesting that simple detection of viral DNA
is not sufficient to confirm a link between the virus and RA. (J Rheumatol 2003;30:1907–10)
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infection, we compared the sensitivity of single round-PCR
and nested PCR for the NS1 gene in the detection of viral
DNA and analyzed the presence of both the VP and NS1
genes in SM and serum samples of patients with RA and of
a sex and age matched control group to establish whether
persistence of viral DNA is associated with RA. 

MATERIALS AND METHODS
Patients. Synovial membranes (SM) were obtained from 30 patients (27
women and 3 men, mean age 51.8 years) with RA who underwent synovec-
tomy; 24 serum samples from the same group were also analyzed. Specific
anti-B19 IgG were present in 19/24 patients (79.1%); none was IgM posi-
tive. All 30 patients met the American Rheumatism Association diagnostic
criteria for RA17.

As controls, synovial tissue and serum samples were obtained from 24
sex and age matched subjects with osteoarthritis (OA) or with traumatic
articular disease who underwent orthopedic surgery. Nineteen of the 24
controls (79.1%) had anti-B19 IgG antibody and none was IgM positive.
Either written or oral  informed consent was obtained from all patients
enrolled in the study.

Detection of anti-NS1 antibodies. All patient and control sera were tested to
determine the presence of anti-NS1 antibodies by western blot using the
commercial kit Recomblot B19 IgG/IgM (Mikrogen GmbH, Martinsried,
Germany), according to the manufacturer’s instructions.

DNA extraction. Synovial membranes were cut into small pieces, incubated
in lysis solution (NaCl 0.1 M, Tris HCl pH 8, 0.05 M, EDTA 0.01 M,
sodium dodecyl sulfate 20%) and digested overnight with proteinase K (1
mg/ml) at 37˚C. After phenol extraction and ethanol precipitation, the DNA
pellet was resuspended in 500 µl Tris EDTA (TE) buffer (10 mM tris HCl
pH 7.5, EDTA 1 mM).

Viral DNA extraction from serum was performed with High Pure
Nucleic Acid Kit (Boehringer-Mannhein, Milan, Italy) according to the
manufacturer’s instructions. Briefly, 200 µl of working solution containing
40 µl of proteinase K were added to 200 µl of serum and loaded onto a spin
column after 10 min of incubation at 72˚C. DNA was subsequently washed
and eluted with 50 µl of elution buffer.

Single round-PCR of B19 NS1 gene. Five hundred nanograms of synovial
DNA and 20 µl of serum DNA extract were used in a 50 µl of PCR reac-
tion containing 5 µl of buffer solution (10× PCR buffer), 3 µl of MgCl 25
mM, 3 µl of 2.5 mM dNTPs, 1.5 units recombinant Taq DNA polymerase
(Perkin Elmer, Milan, Italy) and 100 ng of the primers reported by Chevrel,
et al18 (Table 1). After an initial denaturation step of 5 min at 94˚C, 35
cycles were carried out under the following conditions: denaturation at
94˚C for 1 min, annealing at 55˚C for 1 min and extension at 72˚C for 1
min, yielding a product of 284 bp. Ten milliliters of PCR product were
analyzed by electrophoresis on a 2% agarose gel and bands visualized on a
UV transilluminator by ethidium bromide staining.

Nested PCR of B19 NS1 and VP genes. Five microliters of the first round
PCR product of NS1 amplification were re-amplified using the same condi-

tions already described, using 100 ng of the primers reported in Table 1 and
giving a product of 217 bp.

The oligonucleotides used to amplify the VP gene have been
described6,19 (Table 1). The 1st and 2nd round of PCR gave an amplified
product of 1112 and 104 bp, respectively. Thirty-five cycles were carried
out under the same conditions as described. Ten microliters of each PCR
product were then analyzed by electrophoresis on a 2% agarose gel and
bands visualized on UV by ethidium bromide staining.

Slot blot and hybridization. Five microliters of the amplified products
obtained from the single round-PCR of NS1 and from the nested PCR of
NS1 and VP genes were transferred onto a nylon membrane (Hybond™-NT,
Amersham, Buckinghamshire, England) using a slot blot apparatus (Hybri-
Slot manifold, BRL, Gaitherburg, MD, USA). Membranes were hybridized
with NS1 or VP gene-specific probes, obtained by amplifying viral DNA
extracted from a patient with acute B19 infection. The probe used for the
single round-PCR product of NS1 was 284 bp long (nucleotides 1399-
1682); the probes used for the nested PCR products were 217 bp long for
the NS1 and 104 bp long for the VP genes (nucleotides 1443-1659 and
3187-3290, respectively). Hybridization was carried out using the non-
radioactive method Gene Images AlkPhos Direct system (Amersham),
according to the manufacturer’s instructions.

RESULTS
Detection of anti-NS1 antibodies. Anti-NS1 IgG antibodies
were present in 10/24 RA sera analyzed (41.6%). Among
them, nested PCR for NS1 was positive in the SM of 1
patient and in the serum of 2 patients. Among the 14 patients
without anti-NS1 antibodies, nested PCR was positive for
NS1 gene in 3 SM and in 2 sera. 

Anti-NS1 IgG antibodies were present in 11/24 control
sera (45.8%). Nested PCR for NS1 was positive in the SM of
8 and in the serum of 3 subjects. Among the 13 seronegative
controls, 1 was positive in SM and 1 in both SM and serum.

Detection of NS1 and VP genes by single round and nested
PCR. On agarose gel electrophoresis, the expected 284 bp of
the single round-PCR amplified product of NS1 gene was
present in one control SM. After hybridization, the NS1 gene
was detected in 4 SM samples in the control group.

Nested PCR was positive on gel electrophoresis in 1 RA
serum and in 5 SM and 2 serum samples in the control
group. After hybridization, the NS1 gene was detected in the
SM of 6/30 and in the serum of 4/24 RA patients and in
10/24 SM and 4/24 serum samples in the control group
(Table 2).

In the gel electrophoresis, the 104 bp band of the VP
nested PCR was present in 1 RA serum and in 3 SM and 1
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Table 1. Primers used in this study for PCR amplification.

PCR Primers Sequence Nucleotide Reference

VP 1st round 5’–CTTTAGGTATAGCCAACTGG–3’ 2905–2924 6, 19
5’–ACACTGAGTTTAAGTAGTGGC–3’ 4016–3997

VP 2nd round 5’–CAAAAGCATTGTGGAGTGAGG–3’ 3187–306 6, 19
5’–CCTTATAATGGTGCTCTGGG–3’ 3290–3271

NS1 1st round 5’–AATACACTGTGGTTTTATGGGCCG–3’ 1399–1422 18
5’–CCATTGCTGGTTATAACCACAGGT–3’ 1682–1659

NS1 2nd round 5’–CTTGGCAATGGCCATTGC–3’ 1443–1460
5’–TACTCCAGGCACACGCTAC–3’ 1659–1642
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serum sample in the control group. After hybridization, the
VP gene was detected in a higher percentage as shown in
Table 2.

Overall positivity for VP and NS1 genes. Only 2/30 RA
synovial membranes were positive for both NS1 and VP
genes; overall (NS1 plus VP), the presence of B19 DNA was
found in the SM of 11/30 RA patients (36.6%). In the control
group, NS1 and VP genes were detected simultaneously in 5
synovial membranes; altogether there were 12/24 (50%) SM
positive for viral DNA (Table 2). Only one RA patient and
one control had serum positive for both NS1 and VP.

Finally 1 RA patient and 3 controls were positive for NS1
both in serum and synovial tissue; VP was present in serum
and SM of 1 patient and 1 control.

DISCUSSION
Several reports have connected B19 with the pathogenesis
of different autoimmune diseases such as  systemic lupus
erythematosus, systemic sclerosis, dermatomyositis, and
vasculitides18,20-22. The virus is thought to be involved also
in the pathogenesis of RA, since the infection in adults may
induce an arthritis that is transient in most cases, but can
become chronic and fulfil the diagnostic criteria for RA in a
few patients.

In our study we showed that the persistence of B19 DNA
in synovium is not correlated with rheumatoid synovitis and
that the detection of viral DNA presents some pitfalls prob-
ably responsible, at least in part, for the conflicting results
published so far.

Moreover the presence of anti-NS1 antibodies has been
proposed as a marker of chronic infection; our data show
that the presence of IgG antibodies against NS1 is not statis-
tically different in patients and controls (41.6 and 45.8%,
respectively) and that their detection is not correlated with
the detection of NS1 gene in the SM. Therefore the determi-
nation of these antibodies does not seem to be helpful in the
identification of chronically infected patients with RA. 

So far most studies have evaluated the persistence of B19
DNA in different tissues amplifying the VP gene by nested
PCR19 or the NS1 gene by single round-PCR18; in our study,
we evaluated B19 DNA in RA patients by amplifying VP
using nested PCR and NS1 using single round-PCR and

nested PCR to determine whether different results are
obtained. Indeed when the NS1 gene was amplified by
single round-PCR, no positive samples were found in our
patients with RA, whereas 6 SM and 4 sera proved to be
positive with nested PCR; in addition, in the control group 4
SM were positive using single round-PCR, but 10 SM and 4
serum samples resulted positive with nested PCR.

These results clearly show that, as already shown for the
detection of the VP gene, nested PCR is far more sensitive
than single round-PCR for the detection of NS1. The studies
that amplified NS1 by single round-PCR may have underes-
timated the presence of viral DNA in the samples analyzed.

When nested PCR was used to detect the NS1 and VP
genes in the same sample, we did not find a significant
difference in the frequency of positive results. However
only a few SM from patients (2/30) and controls (5/24) were
simultaneously positive for both genes, suggesting first of
all that both genes must be amplified in order to have a
precise evaluation of the presence of viral DNA, and
secondly that the entire viral DNA may not persist in tissue.
This finding is in contrast with a previous report that found
persistence of the entire genome in the SM of some
patients23.  

By amplification of both genes, the number of positive
synovial membranes was 11/30 (36.6%) in RA patients and
12/24 (50%) in the controls, whereas viral DNA has been
detected in the sera of 8/24 (33%) RA patients and of 5/24
(20.8%) controls. These results show that B19 DNA is not
significantly more frequent in RA than in the control group
both in the synovial tissue and in the serum, according to
most of the literature.

The presence of viral DNA in different tissues in
immunocompetent subjects and in autoimmune diseases has
already been reported7,24; moreover, we and others have
shown that in acute and chronic infection, B19 is able to
induce an autoimmune response6,25. These previous reports
are only apparently in contrast with the present results.
Indeed aspects other than persistence of viral DNA may
concur in inducing not only an autoimmune response but
also an autoimmune disease, such as genetic background,
participation of other environmental factors, and altered
immune response. 

Our results therefore suggest that the simple detection of
parvovirus B19 DNA in synovial membrane is not sufficient
to define first whether the virus itself is directly connected
with articular damage and ultimately with RA, and second
whether persistence of the virus in the tissue is indeed
necessary to induce the disease.
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PB: peripheral blood; SM: synovial membrane.
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