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The pathogenic influence of viral agents in
chronic inflammatory joint diseases like rheu-
matoid arthritis has been discussed for many
years. More recently, DNA of several viruses,
among them parvovirus B19 (B19), was trace-
able by PCR analysis in synovial fluid and syno-
vial tissue. To investigate the potential role of
parvovirus B19 in rheumatoid arthritis, we an-
alyzed the expression of B19 VP1/VP2 proteins
by immunohistochemistry in paraffin sections
of 63 synovial specimens in rheumatoid arthri-
tis (RA; n � 29), psoriatic arthritis (PSA; n � 6),
nonspecific arthritis or synovitis (n � 26), and
normal synovia (n � 2). Thereby we could dem-
onstrate replicative virus infection in a variable
number of cells in about 90% of rheumatoid
specimens and in four of six (66%) cases of
psoriatic arthritis, but only in 38% of cases with
chronic reactive inflammation and one case of
normal synovia. In virus-positive rheumatoid
specimens, moreover, the average number of
affected cells was significantly higher than in
virus-expressing synovia of nonspecific reactive
inflammation. These findings support the im-
portance of B19-viral infection in the pathogen-
esis of chronic arthritis. B19-positive cells in the
synovia could be ascribed to CD20- or CD3-
positive B- or T-lymphocytes by double immu-
nostaining. Based on these results, B19 infec-
tion of lymphocytic cells also seems possible.
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Virus infections are a well-known major cause of
arthritis in humans (1). Appearing preferentially as
a sequela to the systemic viral disease, arthritic
symptoms in many instances are supposed to be
due to autoimmunologic cross-reaction in immune
response toward viral epitopes. In some conditions,
however, lytic infection of the joint has been de-
scribed for different viruses (2, 3).
A pathogenic influence of viral agents, especially

EBV and parvovirus B19, has likewise long been
discussed in chronic inflammatory joint diseases
like rheumatoid arthritis (3–7).
DNA of parvovirus B19 and several other viruses,

for instance, EBV and CMV, could be detected in a
high percentage of cases in rheumatoid synovial
tissue and synovial fluid by highly sensitive PCR
analysis (8, 9). A primary role in disease develop-
ment, however, has still been questioned (3, 10, 11).
Parvovirus B19 is the causative agent in erythema

infectiosum (12). Among adults there is a high se-
roprevalence of 50–70% in the population (13, 14).
Specifically affecting erythroid progenitor cells by
means of erythroid P antigen (15, 16) in healthy
adults, it can lead to mainly mild or subclinical
symptoms of anemia, thrombopenia, or granulocy-
topenia, but also aplastic crisis or complicating he-
molytic anemias (17–19). Apart from hematology it
has come to special notice in prenatal medicine,
because prenatal parvovirus B19-infection in the
second trimester of pregnancy, when major fetal
hematopoiesis takes place, can cause dramatic ane-
mia and fatal hydrops of the fetus (20–22). Further-
more a frequent association of B19 with acute, usu-
ally self-limiting arthropathy has been reported (23,
24). Recent data, hinting at the persistence of par-
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vovirus B19 in the joint (7, 25, 26) now focus further
attention on this virus. Questions to be addressed
in this context concern the possible involvement of
parvovirus B19 in disease origin, maintenance, or
progression in immune-mediated or reactive
chronic arthritis.

Earlier data on B19 persistence in synovial tissue
were mainly based on DNA analyses. To elucidate
the role of parvovirus B19 in chronic inflammatory
joint disease, we investigated the expression of im-
munogenic B19 capsid proteins (VP1/VP2) by im-
munohistochemical analysis in paraffin sections of
63 synovial specimens of rheumatoid arthritis (RA),
psoriatic arthritis (PSA), reactive synovitis/arthritis
including osteoarthritis, and normal synovia.

MATERIALS AND METHODS

Sixty-three synovial specimens were obtained
from the Department of Pathology and the Depart-
ment of Orthopedic Surgery of Saarland University,
Homburg, the Department of Pathology of the Cen-
tral Hospital in Augsburg, the Department of Or-
thopedic Surgery of the Bundesknappschaft’s Hos-
pital Puettlingen, and the Department of
Rheumaorthopedics of the Rheumazentrum Ober-
ammergau. Synovial tissue had been removed ei-
ther surgically or by arthroscopy for therapeutic or
diagnostic reasons. Normal synovia was gained by
diagnostic arthroscopy in traumatic joint lesion or
by autopsy (Department of Forensic Medicine of
Saarland University, Homburg). In prospectively-
collected cases, informed consent for research use
of the tissues was obtained; in retrospectively-
analyzed tissue specimens of anonymized archival
material, general consent for scientific use of diag-
nostic material was ensured. Cases included in this
study are 29 rheumatoid arthritis (RA; 20 f/9 m), 26
chronic reactive synovitis/arthritis (14 f/12 m), 6
psoriatic arthritis (PSA; 6 m), and 2 normal synovial
specimens (1 f/1 m). Among chronic reactive syno-
vitis/arthritis cases, we compiled synovial speci-
mens of osteoarthritis from arthritic joints, detritus
arthritis, chronic irritation after joint injuries, and
unclear chronic synovitis, without clinical diagnosis
of rheumatoid arthritis. The criteria for the clinical
diagnosis of rheumatoid arthritis and psoriatic ar-
thritis were based on the revised American College
of Rheumatology (ACR; formerly, the American
Rheumatism Association) (27); the criteria for diag-
noses of reactive arthritides were the exclusion of
any specific or systemic arthritis, the lack of diag-
nostic criteria of rheumatoid or psoriatic arthritis,
or the clear presence of posttraumatic changes. Sy-
novial tissue, in descending frequencies, was de-
rived mainly from knee, hip, carpal, or tarsal joints.
Primary synovial cell cultures were established in a

subset of cases, where vital tissue was obtained.
Because the majority of cases were derived from
archival material, from which it was impossible to
obtain serologic data, the serologic analysis on par-
vovirus B19 (IgM and IgG) had to be dispensed with
in this study.

Immunohistochemistry
For parvovirus B19 detection a monoclonal

mouse antibody reactive to parvovirus B19 VP1 and
VP2 capsid protein was used, kindly provided by
Dade Behring (Marburg, Germany). VP1 (structural
protein 1) and VP2 (structural protein 2) genes
overlap, whereas VP2 open reading frame is totally
included within the VP1 open reading frame (28,
29). The antibody used recognizes VP1 as well as
VP2 protein. Kidney tissue of a B19-infected hy-
dropic fetus, analyzed earlier by B19-DNA in situ
hybridization was used as positive control; by anti-
body staining, B19-positive cells were specifically
detected to the same extent and with the same
histological distribution as by in situ hybridization,
either intravasal or in areas of fetal hematopoiesis
(22). Immunohistochemical investigation of B19-
negative fetal kidney control tissue did not reveal
positive staining of cells. Immunohistochemical
analysis of synovial as well as control tissues was
performed on routinely processed formalin-fixed
paraffin sections. After dewaxing in xylene and re-
hydration in a descending alcohol series, tissue sec-
tions were subjected to a proteolytic treatment in
0.1% pronase (Protease Type XXIV, Sigma) in PBS
(6–8 min, RT) followed by application of parvovirus
B19 VP1/VP2-antibody (1:100 in 1%BSA/PBS) and
incubation for 1 hour at RT. Finally, the primary
antibody was detected by alkaline phosphatase-
mediated NBT staining using secondary antibody
steps according to the APAAP protocol. In positive
cases, control experiments omitting the primary
VP1/VP2 antibody as well as absorbing the mono-
clonal antibody with VP1 and VP2 protein by pre-
incubation revealed negative staining results.

Cell Type Characterization
Characterization of cell types was performed us-

ing a B-cell–specific mouse monoclonal CD20 an-
tibody (DAKO; 1:30) and a T-cell specific mouse
monoclonal CD3 antibody (Novocastra; 1:100). For
immuno double staining after the above-
mentioned VP1/VP2 detection, CD20 or CD3 label-
ing was performed by peroxidase-mediated AEC
staining using the automated Nexis program
(Ventana).

Cell Culture
Primary cell cultures were established in pro-

spectively collected synovial specimens. After me-
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chanical dissection, primary tissue material was
subjected to collagenase treatment for 12–16 hours.
Disaggregated cells were cultured in Dulbecco’s
modified Eagle Medium (DMEM, GibcoBRL) sup-
plemented with 10% FCS, 1� penicillin/streptomy-
cin (GibcoBRL), and 1� nonessential amino acids
(GibcoBRL) for several passages under standard
cell-culture conditions. For immunofluorescence
staining, cells of Passage 2–3 were grown in situ on
sterile glass slides and fixed in methanol.

RESULTS

Parvovirus B19 capsid protein, indicating a repli-
cative virus infection, was identified by immuno-
histochemical analysis in 63.4% (n � 40) of arthritic
specimens (65%, n � 41, including normal synovial
specimen). In detail, B19-positive cells were de-
tected in 89.7% (n � 26) of rheuma cases, 66% (four
of six cases) of psoriatic arthritis, 38.5% (n � 10) of
nonspecific synovitis, and in one of the two normal
synovial specimens (Table 1). Among individual
virus-positive cases, the number of affected cells
varied widely, leading to semiquantitative classifi-
cation into three groups representing the different
extent of virus multiplication (Table 2):

Group I (�): single virus-positive cells (Fig. 1D);
Group II (��): several positive cells (Fig. 1C);
Group III (���): numerous positive cells (Fig. 1,

A–B).
B19-positive reactive synovitis and arthritis cases

(n � 10) were mainly classified into Group I (4/10)
or with inhomogeneous distribution between I and
II (3/10); two cases were classified into Group II,
and one case into Group III.

The four B19-positive PSA cases were assigned to
Group I (2/4), Group II (1/4), and Group III (1/4).
The majority of the B19-positive RA cases (n � 26)
were classified into Group II (9/26 � 34.6%) and III
(11/26 � 42.3%) in nearly equal percentages; four
cases (15.4%) were assigned to Group I, two cases
(7.7%) between Groups I and II (regionally III) be-
cause of inhomogeneous distribution of positive
cells.

One normal synovial tissue (Case 63) was found
to be B19 positive with several isolated positive cells
defined as Group I/II.

Cases with a high number of virus-positive cells
comprising Group III (Fig. 1, A–B) were almost ex-
clusively found among rheumatic and, in one case,
psoriatic synovial specimens. A similarly high num-
ber of parvovirus B19-infected cells could be iden-
tified in only one case of reactive arthritis of un-
known origin (Case 46; Fig. 1B), whereas all other
virus-positive cases of reactive chronic synovitis/
arthritis were classified into Group I, I/II, or II. B19
VP1/VP2 protein was mainly detected in cells
within the synovial stroma. Virus expression could
not be observed in synovial lining cells or morpho-
logically distinguishable synoviocytes. Also, few in-
travasal B19-positive cells were identified in syno-
vial sections of individual specimens.

CD20 and CD3 immuno double-staining on par-
affin sections of rheumatoid synovial tissue clearly
identified parvovirus B19–positive cells as B and T
lymphocytes; B19-positive cells were colocalized
with areas of CD20- or CD3-positive cells (Fig. 2A)
and showed double labeling of VP1/VP2 and CD20
(Fig. 2C) or CD3 (Fig. 2B).

In three cases of rheumatoid arthritis (Cases 1, 6,
and 8) expressing parvovirus B19, primary synovial
cell lines were established in addition to paraffin-
embedded tissue. To test the prevalence and pro-
portion of virus-positive cells in synovial cell cul-
tures after several culture passages, immunofluo-
rescence staining for parvovirus B19 protein was
performed in Passage 2 or 3 on cells of respective
cases cultivated in situ. B19-positive cells could not
be detected in cultured synovial cells in any of the
three cases.

DISCUSSION

Parvovirus B19-positive cells could be detected at
an overall percentage of 63.5% in synovial tissue of
chronic inflammatory joint disease. Surprisingly,
the proportion of cases expressing virus protein was
significantly higher in immune-related arthritis, es-
pecially rheumatoid arthritis (89.7%), and, to a
lesser extent, psoriatic arthritis (66%), compared
with reactive arthritis and synovitis (38.5%). Rheu-
matoid arthritis is considered as autoimmune ar-

TABLE 1. B19-Positive Cases in Synovial Specimens of

Different Arthritis Entities

Clinical Diagnosis RA PSA rA/S nS

Total Number of
Cases

29 6 26 2

B19-Positive
Cases (%)

26 (89.7%) 4 (66%) 10 (38.5%) 1 (—)

Parvovirus B19-positive cases in synovial specimens of different diag-
nostic entities according to immunohistochemical analysis; RA, rheuma-
toid arthritis; PSA, psoriatic arthritis; rA/S, reactive arthritis/synovitis; nS,
normal synovia.

TABLE 2. Quantitative Distribution (group I–III) in B19-

Positive Cases of Different Entities

B19-Positive Cases (n �
41) Clinical Diagnosis

Group I
(n � 10)
(24.3%)

Group I/II
(n � 6)
(14.6%)

Group II
(n � 12)
(29.3%)

Group III
(n � 13)
(31.7%)

RA (n � 26) 4 (15.4%) 2 (7.7%) 9 (34.6%) 11 (42.3%)
PSA (n � 4) 2 (50%) — 1 (25%) 1 (25%)
Reactive A/S (n � 10) 4 (40%) 3 (30%) 2 (20%) 1 (10%)
Normal synovia (n � 1) — 1 — —

Parvovirus B19-positive cases according to immunohistochemical
analysis; group I (�) single positive cells; group II (��) several positive
cells; group III (���) many positive cells; RA, rheumatoid arthritis; PSA,
psoriatic arthritis; A/S, arthritis/synovitis.
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thritis, and the involvement of autoimmune pro-
cesses is strongly supposed in psoriatic arthritis as
well. The histomorphological characteristics of the
two entities are quite distinctive but show clear
similarities. The significant overrepresentation of
virus-positive cases among the autoimmune arthri-
tis specimens might well be caused by a defective
immune response leading to a breakdown of virus
repression in the chronically inflamed joint.

Because of culture conditions in primary synovial
cell cultures, adherent synovial fibroblasts and den-
dritic cells were selected. Even in primary
lymphocyte-rich tissue specimens, lymphocytes
were mainly eliminated after several culture pas-
sages. No B19-protein-positive cells were identified
in synovial cell cultures of virus-positive paraffin
specimens, confirming their identity as T or B lym-
phocytes shown by immuno double staining. Lytic
B19 infection via erythrocyte P antigen (glycolipoid
globoside) (15) serving as its cellular receptor is
known in cells of the erythroid lineage (15, 30)
but—despite extensive lymphocyte response to B19
proteins—has not been described in lymphocytes.
The infection of lymphocytes may be mediated by
other cellular receptors (30). The finding of B19
capsid protein in lymphocytes in synovial tissue

reported here indicates that virus replication is not
restricted to the erythroid lineage.

In both rheumatoid arthritis and psoriatic arthri-
tis, extensive infiltration of B and T lymphocytes
(rheumatoid arthritis) or mainly Tlymphocytes
(psoriatic arthritis) is observed (31). Because parvo-
virus B19-positive cells within the synovial tissue
could be identified as lymphocytes, the difference
in frequency of B19-positive cases, as well as the
difference in the respective number of affected cells
compared with reactive chronic arthritis speci-
mens, could possibly be explained by varying total
numbers of infiltrating lymphocytes.

Rheumatoid arthritis and psoriatic arthritis, in
the natural course of disease, imply a chronic in-
flammation over a certain amount of time, which
might give rise to much more profound distur-
bances, as observed in many cases of reactive
chronic synovitis or arthritis. To exclude the possi-
bility that the extent of chronic inflammation might
be solely responsible for differences of parvovirus
B19 expression between these two entities, espe-
cially cases with histomorphological signs of
marked chronic changes and inflammation, were
included among reactive arthritis/synovitis speci-
mens. In individual analysis of this subgroup, no

FIGURE 1. Parvovirus B19 immunohistochemistry in synovial tissue sections; detected virus protein is NBT labeled (purple black). A, rheumatoid
arthritis specimen showing numerous positive cells (Group III; 400�). B, reactive chronic synovitis (Case 46) with many B19-positive cells assigned to
Group III (400�). C, rheumatoid synovia with several positive cells (Group II); and D, rheumatoid arthritis showing only single virus-expressing cells
(Group I; 400�).
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significant deviation from the summarized result of
chronic reactive arthritis/synovitis cases was obvi-
ous, being inconsistent with the above-mentioned
hypothesis of a purely quantitative effect.

VP1 and VP2 capsid proteins are both targets for
serological immune response of IgG (VP1 and VP2)
and IgM (mainly VP2) (32). Assuming an immune
response to the expressed viral proteins in the joint,
the observed findings unequivocally indicate a sig-
nificant importance of parvovirus B19 in disease
maintenance and progression in rheumatoid and
psoriatic arthritis and to a lesser extent also in other
forms of chronic inflammatory joint disease.

Moreover, the especially high percentage of
�89% of virus-expressing cases among the rheuma-
toid specimens—compared with a seroprevalence
of 50–70% in the population (13, 14)—probably
hints at a causal role of parvovirus B19 even in the
primary pathogenesis. Very interesting in this re-
spect is the case of a 5-year-old (rheumatoid factor
positive) RA patient analyzed in this study (Case
14); despite being one of the primary lesions, the
synovia in these early stages of the general disease
was already found to be heavily B19 positive.

Among cases with numerous virus-positive cells
(Group III), there was only one case of reactive

chronic arthritis (Case 46; Fig. 1B). The correspond-
ing patient was a 20-year-old woman with a history
of inconsistent, isolated unilateral knee problems
over a period of about 1 year. Clinically the diagno-
sis had not been rheumatoid arthritis but unclear
chronic synovitis or plica syndrome. Rheumatoid
arthritis could not, however, be excluded by his-
topathological analysis in this case. The strong sy-
novial parvovirus infection in this patient, who had
clinically apparent symptoms for a comparatively
short time, makes arthritis caused primarily by par-
vovirus B19 probable. In particular, the histomor-
phological findings similar to rheumatoid arthritis
are suggestive of a parvovirus B19-triggered arthri-
tis, which over the course of time might develop the
clinical criteria for rheumatoid arthritis.

Among chronic reactive synovitis/arthritis speci-
mens in three cases (Case 46, Case 36, Case 37),
histomorphological findings similar or comparable
to rheumatoid arthritis were described; all of them
were B19 positive, showing the highest number of
positive cells (1 Group III, 2 Group II) observed in
the reactive arthritis cases. Thus, parvovirus B19
might especially be involved in the histomorpho-
logical rheuma phenotype.

FIGURE 2. Immuno double staining in synovial tissue sections. A, parvovirus B19 VP1/VP2 protein (NBT; purple black) and T-lymphocyte–specific
CD3 (AEC; brown) in rheumatic synovial tissue (400�); B19-positive cells are colocalized with CD3-positive T lymphocytes. B, CD3 and B19 VP1/VP2
double-stained cells (630�). C, Parvovirus B19 VP1/VP2 protein (NBT; purple black) and B-lymphocyte–specific CD20 (AEC; brown) in rheumatic
synovial tissue (630�); two B19–positive cells are characterized as B lymphocytes by CD20 double labeling.
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Only two cases of normal synovial specimens
were studied. Synovial tissue is hard to obtain in
joints that are in truly normal condition. B19-
expressing cells (Group I/II) were identified in one
of the normal synovial specimens (Case 63). Anam-
nestically, a traumatic joint lesion in sports injury
was reported. There was little clinical information,
but no arthritic problems were mentioned. A
chronic subclinical synovial irritation in this case,
however, might nonetheless be possible. On the
other hand, B19 protein expression could also be
present in normal synovial tissue, according to re-
ported DNA data (25, 26).

Parvovirus B19 is known to persist in bone marrow
(33, 34) and probably in synovial tissue (25, 35). There
is no indication of integration of viral genome or
establishment of latency. Thus the persistence is due
to ongoing low-level virus replication in bone marrow
cells (32) and most likely cells within the synovial
tissue. In synovial lining cells, mainly three different
subtypes can be distinguished: Type A synoviocytes
(bone marrow–derived cells with monocyte and ma-
ture macrophage characteristics), Type B synovio-
cytes (fibroblastoid cells), and dendritic cells. Whether
and to what extent B19 also persists in synovial lining
cells in the normal synovial tissue or whether there is
recruitment of B19-positive lymphocytes only infil-
trating from the bone marrow has yet to be
elucidated.

Further investigation, in particular involving nor-
mal synovial tissue and arthritic cases with clearly
defined disease stages, has to be performed to clar-
ify that question.
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Book Review

Sangüeza OP, Requena L: Pathology of Vascu-
lar Skin Lesions: Clinicopathologic Correla-
tions, 336 pp, Totowa, NJ, Humana Press,
2003 ($135.00).

Cutaneous vascular lesions comprise a signifi-
cant proportion of the daily workload of many
pathology practices. While many of us are con-
tent to classify them into hemangiomas, lym-
phangiomas, and angiosarcomas, there has been
a veritable explosion of new vascular lesions de-
scribed in the past decade. In addition, widely
used terms such as “cavernous hemangioma”
and “capillary hemangioma” are rapidly becom-
ing obsolete. Some vascular proliferations that
were originally classified as malignant are now
thought to be benign. I would hazard that many
of us are unaware of these new developments
and are in need of edification.

If this sounds like you, Drs. Sangüeza and
Requena have a book for you. They have written
a short yet complete text reviewing currently ac-
cepted cutaneous vascular proliferations. They
incorporate these into a new classification based
on traditional pathologic definitions of hamar-
toma, hyperplasia, malformation, neoplasm, and
dilation of preexisting vessels. Each section is
subdivided into chapters devoted to each entity.
The chapters are logically arranged into a histor-
ical review, clinical features, histopathologic fea-
tures, and treatment. Drs. Sangüeza and Re-
quena deserve special kudos for devoting equal
space to the clinical features of the described
vascular proliferations; in my experience, an un-
derstanding of the clinical features of a particular
vascular lesion is often critical to definitive
diagnosis.

The book is comprehensive without being
unwieldy. It covers the breadth of vascular le-
sions from the common (infantile hemangioma)
to the obscure (phakomatosis pigmentovascu-
laris). The text is complemented by numerous
clinical and histologic illustrations. The illustra-
tions are generally excellent, although they are
all in black and white. The authors compensate
for this by providing a companion CD with color
versions of all the illustrations in the book. I
found this to be a very helpful tool for review and
self-testing.

My criticisms are few. In the chapter describ-
ing their classification of cutaneous vascular pro-
liferations, the authors argue persuasively that
infantile hemangiomas are hyperplasias and not
neoplasms because they regress spontaneously.
Yet they persist in classifying infantile hemangi-
omas as benign neoplasms in their proposed
classification. I found this confusing. The chap-
ters on spider angiomas and cutis marmorata
telangiectatica congenita lack histologic illustra-
tions to accompany the fine clinical
photographs.

Drs. Sangüeza and Requena are to be ap-
plauded for their efforts. In the short time I have
had this book, I have found myself referring to it
repeatedly both to expand my knowledge of
common vascular proliferations and to assist in
the diagnosis of rare lesions. I highly recommend
this book to dermatologists, pathologists, and
dermatopathologists.

Garth R. Fraga
University of Kansas School of Medicine
Kansas City, Kansas
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