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PREFACE - PARVOVIRUS AND FOOTBALL

During the last few years, a lot of my time has been shared between football and
parvovirus B19 (B19), and it has been evident that these interests have several
similarities. First, the forms of these objects, icosahedral and global, respectively, are
rather conserved over time and around the world. Secondly, events surrounding these
objects show considerable diversity. If you are interested in football or coaching a
football team, you may have great knowledge about individual players, such as body
weight, shoe size, running speed and scoring record, but the most important question is:
How does he or she play football? In that dimension, every match is a new,
unpredictable game. What makes team member Zlatan score more beautifully than ever
and why does he miss? These outcomes are matters of coincidence, situation,
environment and previous experiences in combination with the same factors in 21 other
players in the football field.

In a comparable way, the immune system plays football with microorganisms. The
clinical picture of infectious diseases is a synthesis of features belonging to the microbe
and to the immune system. The latter has basic characteristics in common among most
humans, but the individual patterns of reaction against different enemies and in
different situations vary. Consequently, even if a specific infection causes relatively
predictable symptoms in most individuals, we have to expect outliers whose symptoms
are difficult to recognize. For widespread infections like that from B19, which infects
the majority of humans, the total number of individuals with a deviant course may be
high, even if the percentage is low.

Our studies of B19 have focused on clinical and immunological aspects of persistent
infection, with persistence per se of central interest. Hypothetically, an immune system
that cannot eliminate an infecting virus is still annoyed by the infection and responds
with reactions and symptoms that vary according to the host’s individual character. The
ball is on the field and one may guess what will happen but cannot know with certainty.
I want to thank my wife Inger, who is supportive in both football and B19 studies, and
all the football players in my family: Malin, Petter, Karin and Elin. Their inspiration for
life, science and football has been beyond description, just like immunology and
football.






ABSTRACT

Parvovirus B19 (B19) is the etiological agent of the common childhood disease,
erythema infectiosum, also named fifth disease or slapped cheek disease. About
50% of humans are infected during childhood, but the virus is also transmitted to
adults and about 80 % of the elderly are seropositive. Apart from asymptomatic
infection, which is common, the clinical presentations in erythema infectiosum are
usually slight catarrhal symptoms and fever followed by rash, typically intense on
cheeks and later distributed on the extensor parts of legs and arms. For infected
adults, the rash is less common, whereas the frequency of arthropathy is about 50%
and may last for months or years. The main replicative sites of the virus are
erythropoetic cells, and anaemia is a well-known manifestation of the infection,
especially in immunocompromised patients. Pregnant women, when infected, are at
risk of spontaneous abortion, hydrops fetalis and, later in pregnancy, intrauterine
fetal death. B19 has also been associated with rheumatologic diseases, hepatitis,
myocarditis and neurological manifestations.

In 1993, we used PCR-technique and found, for the first time, B19 DNA in the
bone marrow (BM) of a patient with chronic fatigue, anaemia and leukopenia.
Since then, we have followed her and other patients with chronic symptoms of
fatigue, arthralgia and fever and found that some of them had persistent B19 DNA
in BM for years after primary infection. Lifelong latency, as a natural course of the
disease could account for this persistence, but the prevalence of B19 DNA in BM in
the general population was not previously known. To get a hint of the frequency,
we tested the BM of 100 patients with haematological disorders from whom BM
samples were available and found B19 DNA in four of them. Therefore, we
concluded that B19 DNA in BM is not a general finding in seropositive individuals.
Arthropathy is a common manifestation of B19 infection in adults and sometimes
even meets the official criteria for rheumatoid arthritis. Consequently, the
frequency of B19 DNA in BM of rtheumatic patients is of interest, which motivated
us to study a group of 50 patients with various rheumatological diseases. We found
B19 DNA in 13 of 50 patients (26%), a significantly higher level than in our
previous study on patients with haematological disorders.

As is well known, immunocompromised patients are susceptible to B19 infection,
but our hypothesis is that individuals who are otherwise immunocompetent may
have a selective immune deficiency with respect to B19 causing the virus to persist
and evoke symptoms of chronic immunological stimulation. To confirm this
hypothesis, we have studied patients with persistent B19 DNA in BM with regard
to general immunological parameters such as HLA-type, levels of lymphocyte
subpopulations and cytokine profiles. In some aspects we have compared with
expected values in the general population, in others with reactions in acutely or
remotely B19-infected individuals. We also investigated the specific CD8 T-cell
response to B19 antigens with an enzyme-linked immunospot assay for detecting
interferon gamma (IFNY) production. Although the patients with persistent B19
DNA in BM had no general immunological aberrations, their B19 specific cellular
immune responses diverged from those of controls supporting our hypothesis of a
selective immune deficiency.

Key words: Human parvovirus B19, persistent infection, immune defence.
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1 BACKGROUND
1.1 BACKGROUND AND TAXONOMY

Parvum is Latin for small, and viruses in the family of Parvoviridae are small non-
enveloped particles with a diameter of 18 to 26 nm and single stranded DNA. These
pathogens are very common in insects and animals. The virion is stable and resistent to
heat, detergents and radiation. The Parvoviridae family is divided into Densovirinae,
which infect insects, and Parvovirinae, which infect vertebrates (Heegaard et al. 2002).
Three genera are defined in the Parvovirinae group:

A)

B)

©)

Dependovirus

Infects humans and other vertebrates and are dependent on other viruses, e.g.,
adenovirus or herpesvirus to infect and replicate. In humans they are not
associated with any known disease.

Parvovirus

Is a common pathogen among animals and, e.g., canine parvovirus causes
gastrointestinal infection in dogs, a disease associated with high mortality.
Humans are not susceptible to these viruses.

Erythrovirus

Characteristically they have a tropism for and replicate in erythropoetic cells,
thereby causing anaemia, which is a well-known clinical feature of the
infection. At least three different strains infect humans (Servant et al. 2002).

1. Erythrovirus Genotype 1 Parvovirus B19
2. Erythrovirus Genotype 2 Parvovirus A6/K71
3. Erythrovirus Genotype 3 Parvovirus V9

Among these, B19 is the only one known to cause disease. Although B19 was
identified 1974, it was not associated with disease until 1981 when the
relationship to aplastic crisis in patients with sickle cell anaemia was discovered
(Pattison et al. 1981). Genotypes 2 and 3 were subsequently identified (Nguyen
et al. 1999; Hokynar et al. 2000; Nguyen et al. 2002) and are proposed as the
cause of human disease in case reports, but their importance has yet not been
clarified.



1.2 THE VIRUS
1.2.1 History

Parvovirus B19 was first discovered in 1974 in London, when Yvonne Cossart and
colleagues were testing assays for hepatitis B in samples of blood donors (Cossart et al.
1975). Specimen 19 in panel B revealed an unexpected antigen in a counter-
immunoelectrophoresis, and analysis with electron microscopy as well as further
molecular biology studies classified the virus in the Parvoviridae family.

1.2.2 Morphology

The B19 virion is composed of two distinctive proteins that build an icosahedral
capsid containing 60 capsomeres and have a molecular weight of 5.6x 10®and a
diameter of about 23 nm (Corcoran et al. 2004).

1.2.3 Genetics

Parvovirus B19 DNA is single stranded and consists of about 5600 nucleotides among
which 4830 encode proteins and the rest are palindromic terminal repeats at each end.
The nucleotide sequence variability of B19 is known to be low, i.e., no higher than 1%
when one compares different isolates.

1.2.4 Proteins

Two proteins provide building blocks in the B19 capsid. VP1 is the larger of these
proteins (84 kDa) but constitutes only about 4% of the capsid structure. VP2 is,
consequently, the major structural protein, forms the remaining ~96% of this structure
and has a molecular weight of 58 kDa. VP1 and VP2 are partially identical except for a
227 amino acid sequence, named the unique region (VP1ur), which ends the N-terminal
part of VP1 (Brown et al. 1994).

The major non-structural protein (NS1), which is hidden inside the capsid, is believed
to function as a regulator of transcription and translation and also, probably, is
important for apoptosis of infected cells (Moffatt et al. 1998). The molecular weight is
77 kDa, and the corresponding genome is well conserved (Erdman et al. 1996).
Another two NS proteins whose molecular weights are 7.5 and 11 kDa have been
described; although their functions are currently unproven, they may be involved in a
signalling pathway (Shade et al. 1986; Deiss et al. 1990).



1.2.5 Culture and animal model

Parvovirus B19 is difficult to culture, and trials to propagate this virus in several
erythropoetic cell lines have failed except for short periods of viability with limited
expression of viral antigens. Since B19 does not infect species other than humans, the
only similar animal model for experimentation is macaque monkeys infected with
simian parvovirus, which resembles B19. Immunocompromised monkeys infected with
the simian virus develop persistent anaemia, and fetal infection with this virus is
associated with hydrops fetalis analogous to that caused by B19 infection in humans
(Brown et al. 1997).

1.3 EPIDEMIOLOGY AND TRANSMISSION

During the early viremic phase of infection, B19 is found in respiratory secretions
indicating a respiratory route of transmission, but there is no known replication in the
mucosal cells. B19 infection is common in that 50% of the population is infected
during childhood (Chorba et al. 1986), and more than 80% of elderly humans are
seropositive (Heegaard et al. 2002). The extent of its contagiousness is rather high; that
is, about 50% of non-immune contacts within a household have been shown to
seroconvert (Chorba et al. 1986). Additionally, the attack rate among personnel
working in child day care centres or schools is described as 20-30% during outbreaks
(Gillespie et al. 1990). B19 infection is distributed worldwide and low seroprevalence
has been found only in occasional isolated tribes in Africa and South America.
However, viremia is rare considering that the frequency of B19 DNA in sera from
blood donors varies from 1:167 to 1:35000 in different studies (Yoto et al. 1995;
Tsujimura et al. 1995). When large pools of plasma are collected to produce
immunoglobulin or factor VIII concentrates for haemophiliacs, the risk is greater,
because B19 is so resistant to heat treatment and detergents that eliminating it from
such products is difficult (Wu et al. 2005). Vertical transmission has been registered in
about one-third of pregnant women with primary B19 infection, and these patients
endure a potential risk of spontaneous abortion and intrauterine fetal death. The annual
seroconversion rate among women of childbearing age is estimated to about 1.5%
(Koch et al. 1989) but may be higher during an epidemic situation (Valeur-Jensen et al.
1999).

1.4 INFECTION OF HUMAN CELLS

Characteristic for B19 is the tropism for erythropoetic cells and the binding to P-antigen
that serves as a receptor mediating B19’s internalization into cells and makes
replication possible. Individuals lacking P-antigen (1/200 000) are naturally resistent to
B19 infection. P-antigen is present on the surfaces of haematopoetic precursor cells but
also in several other cell lines, such as endothelial cells, fetal myocytes and placental
trophoblasts (Brown et al. 1993). Yet no replication of the complete virus has been
shown in these latter cell types. However, erythropoetic cells also express a co-receptor,
identified as an alfa-5-betaintegrin, which is involved in viral replication (Weigel-
Kelley et al. 2003). Another co-receptor, Ku80, was recently described and is expressed
in erythropoetic cells and also in lymphocytes (Munakata et al. 2005).



1.5 VIRAL PERSISTENCE

Two well-known manifestations of B19 infection are its potentially chronic course in
immunocompromised individuals and the persistent arthropathy it may cause in adults
with primary infection. Many other diseases with a chronic course have been proposed
as related to B19 based on findings of B19 DNA with PCR technique in various tissues.
Further studies have shown that B19 DNA is often present in, e.g., the synovia and skin
of healthy individuals. Consequently, studying the etiological relationship between B19
and disease is a difficult task, and the clinical relevance of finding B19 DNA must be
established organ-by-organ. BM is of special interest, since it is the known site of viral
replication, and microscopy typically shows erythropoesis with giant pronormoblasts,
which may also indicate B19 infection (Brown et al. 1996; Heegaard et al. 2002). The
frequency of B19 DNA in BM of healthy individuals or autopsied material has varied
from 2.1% (Heegaard et al. 2002) to 17% (Eis-Hubinger et al. 2001).

1.6 IMMUNE RESPONSES

Viral infections, in general, induce activation of both humoral and cellular immune
defence. The humoral response is initiated by production of IgM antibodies followed
by IgG and IgA. As shown, antibodies per se may provide immunity against viral
infections, e.g., prophylactic treatment with commercial immunoglobulin to individuals
exposed to hepatitis A virus (Mosley et al. 1968). However, the neutralizing effect of
antibodies is, in principle, extracellular, and viral infections are by nature intracellular
and need the cellular production system for replication. On the other hand, infected
cells have viral antigens on their surface and, in cooperation with the complement
system, antibody binding to the cell may cause cytolysis and neutralization of viruses
that are set free (Lachmann et al. 1997). The cellular immune response, mediated by
cytotoxic T-cells (CDS), is important in the defence against intracellular pathogens
such as virus and fungi by killing cells that present microbial antigens on their surface
(Zinkernagel 1996). In recent years, many new techniques to study cellular immune
responses have evolved, e.g., intracellular cytokine staining and phenotyping using new
markers for maturation and proliferation detected by FACS. The ELISpot-technique
has made it possible to elucidate aspects of the T-cell response in various infections and
also the variability of reaction in distinct infections in different individuals (Larsson et
al. 1999).

The multiple mechanisms of immune reactions are of special interest in our
understanding of persistent infections. Patients who spontaneously recover from
hepatitis B infection usually produce high levels of specific CD8 cells, yet others who
develop chronic infection have a less intense reaction (Chisari et al. 1995). Individual
immunological characteristics including HLA-type of the host determine which viral
epitopes become exposed and, thereby, modulate the immune reaction (Penna et al.
1991). Theoretically, the chronic course of an infectious disease may be related to
selectively impaired immune responses to specific pathogens rather than a generalized
immune deficiency.



In B19 infection the humoral response typically is initiated by the appearance of
specific IgM antibodies ten days after infection and their disappearance two to four
months later, although the IgM-reaction is sometimes prolonged (Anderson et al. 1985;
Musiani et al. 1995). Viremia peaks at about the same time as [gM-antibodies reach a
detectable level but declines when IgG-antibodies become evident some days later.
Knowledge of the epitope-specificity of the humoral response is important for the
development of diagnostic assays. IgM and IgG antibodies are directed against both
VP1 and VP2, but different types of antigens vary in certain properties. Reactivity to
linear epitopes of VP1 is lost, whereas antibodies against conformational antigens
persist (Kerr et al. 1999). NS1 is an important protein of the virus, and NS1-specific
antibodies have been described in several but conflicting reports. In some studies, a
relationship between NS1-antibodies and persistent infection has been proposed
(Modrow et al. 2002; von Poblotzki et al. 1995; Kerr et al. 2000), a theory that has not
been confirmed by others (Jones et al. 1999). Also IgA-antibodies are produced and
may be important in the mucosal immune reaction (Erdman et al. 1991). IgE-antibodies
have been demonstrated, but their clinical relevance is still under evaluation (Bluth et
al. 2003).

The cellular immune defence against B19 has been difficult to investigate and is not as
well characterized as the humoral response. The cellular immune response is probably
important though, since infections with a chronic course have been noted in the
presence of circulating and neutralizing antibodies (Cassinotti et al. 1997; Dobec et al.
2006). Tolfvenstam et al. used peptide pools representing the B19 NS1 protein to
stimulate CDS cells and were able to demonstrate epitopes associated with cellular
responses (Tolfvenstam et al. 2001). A strong and long-lasting CD8 response against
NSI1 has also been demonstrated (Norbeck et al. 2005).

Some studies of cytokine responses to acute B19 infection have shown prolonged up-
regulation of serum IFNy and TNFa during symptomatic B19 virus infection (Kerr et
al. 2001). Furthermore, patients with acute B19-associated arthritis have been
demonstrated with lower levels of IL6, TNFa, and GM-CSF than patients without
arthritis, and B19 related rash has been associated with decreased levels of TGF31
(Kerr et al. 2004).



1.7 CLINICAL MANIFESTATIONS
1.7.1 Asymptomatic infection

Although most of us have antibodies against B19, proving prior exposure to this
infection, rarely is its diagnosis recorded, which reflects the commonly mild clinical
picture of the disease. In an epidemiological study done in England during 1985, of 54
adults who were serologically positive for recent B19 infection, 14 (25%) were
asymptomatic (Woolf et al. 1989). In another study, 32% were without symptoms;
however, fewer B19-infected blacks are diagnosed, possibly because the rash is
difficult to see on dark skin (Chorba et al. 1986). The frequency may be even higher as
reported in an outbreak, including medical students, in which 68% were asymtomatic
(Noyola et al. 2004).

1.7.2 Erythema infectiosum

The clinical picture of erythema infectiosum was first described in 1799 by the famous
dermatologist Robert Willan and later by Ager (Ager et al. 1966). The manifestations,
however, were not attributed to B19 until 1983, when 31 individuals in a London
outbreak were found to have B19 IgM antibodies (Anderson et al. 1984). This
relationship was also proven experimentally by inducing the disease with inoculation of
the virus intranasally in healthy individuals (Anderson et al. 1985). Later, B19 was
established as the only cause of this disease, which is also called slapped cheek disease,
Stickers disease or, more commonly, fifth disease. Fifth disease is a designation used
after a classification of common childhood
diseases introduced by Cheinisse in 1905. The
typical course is initiated with non-specific
symptoms about one week after infection,
including fever, often mild, malaise, coryza
and myalgia. These prodromal symptoms
usually vanish after a few days but are
replaced with a rash about 15 to 17 days after
exposure

(Figure 2). The facial erythema usually starts
on cheeks and includes circumoral pallor, the
slapped cheek appearance (Figure 1). Some
days later, the rash appears on the trunk and
typically the extensor sides of extremities,
often in a lacy or reticular pattern that may Figure 1.

recur for several weeks and vary in intensity My daughter Malin presenting a
depending on environmental factors such as  typical facial rash of fifth disease. She

heat or stress. The clinical appearance may also had exanthema on arms and legs
vary greatly in different individuals, and the ~ and later on her two sisters showed the
classical eruption is much more common same clinical picture while their
among children than in adults (Woolf et al. mother during a period of two weeks
1989). suffered from arthralgia.
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Virologic, immunologic and clinical course following B19 infection (modified from
Heegaard et al. 2002).



1.7.3 Arthropathy

Of children with B19 infection, about 10% develop arthralgia, but the frequency is
higher in adults, reported as 30% in men and 59 % in women (Torok 1992).
Arthropathy is the most common manifestation of B19 infection in grown-ups. In one
study, five women of 26 patients (six men, 20 women) with B19 arthropathy had
persisting symptoms for two months or more (Woolf et al. 1989). Some patients with
B19 arthropathy also meet criteria for rheumatoid arthritis (RA) according to the
American College of Rheumatology and sometimes test positive for rheumatoid factor
or other autoantibodies (Naides et al. 1988; Kerr et al. 1996). White et al. investigated
153 patients with early synovitis and found B19-specific IgM in 17 of them whereas
other infections were diagnosed in five (White et al. 1985). Other investigators
examined 90 patients with arthritis of unknown origin for the presence of B19 DNA in
synovial fluid and synovial tissue (Cassinotti et al. 1998). The results yielded B19 DNA
in one of 78 synovial fluid samples and in 15 of 90 synovial tissue samples. The 15
patients with B19-positive synovial tissue were further investigated, and nine (60%) of
them had BM aspirates that turned out to be B19 DNA positive. Sdderlund et al., on the
other hand, reported B19 DNA in synovia from eight of 29 children with arthritis
(28%) but also in 13 of 27 individuals (48%) in the control group including young
healthy adults with joint trauma. Moreover, when results from these patient and control
groups were summarized, 18 of 20 seropositive individuals also had B19 DNA positive
synovia (Soderlund et al. 1997; Vuorinen et al. 2002).

The most frequently affected joints in patients with B19 arthropathy are
metacarpophalangeal joints, knees, wrists and ankles (Woolf et al. 1989). Therefore,
this virus has been postulated as a possible cause of RA (Takahashi et al. 1998),
although other reports disagree (Kerr et al. 1995; Nikkari et al. 1995; Séderlund et al.
1997). B19 arthropathy is generally not known to include erosions or destruction of
joints (Naides et al. 1990) even though such conditions have been described (Tyndall et
al. 1994). Additionally, an increased seroprevalence for B19 in patients with RA has
been reported (Cohen et al. 1986) but not confirmed (Nikkari et al. 1994). Therefore,
the role of this virus in rheumatic diseases, if any, remains to be clarified. An
interesting point, however, is that HLA DR4, which bears a relationship to RA, has also
been associated with B19 arthropathy (Gendi et al. 1996).

1.7.4 Other autoimmune diseases

B19 has been suggestively implicated in several chronic autoimmune diseases such as
systemic lupus erythematosus (SLE), Wegener's granulomatosis, Kawasaki’s
syndrome, systemic sclerosis and others (Moore et al. 1999; Nikkari et al. 1994; Nigro
et al. 1994; Pugliese et al. 2006; Ferri et al. 2005). Although the clinical symptoms of
B19 in patients with these diseases may be similar, no statistical proof of any general
etiologic connection has emerged.



1.7.5 Chronic fatigue syndrome and fibromyalgia

The diagnosis of chronic fatigue syndrome (CFS) is based on internationally accepted
criteria, first defined in 1988 and revised in 1994 (Fukuda et al. 1994). That description
depicts a disease with debilitating fatigue of more than six months duration associated
with at least four of the following symptoms: impaired memory or concentration,
tender lymph nodes, myalgia, arthralgia, headache, unrefreshing sleep and
postexertional malaise. The etiology is unknown but among the microbial causes
proposed are herpesviruses (Kawai et al. 1992) and enteroviruses (Chia 2005). Several
case reports have associated CFS with parvovirus B19 (Jacobson et al. 1997; Kerr et al.
2002), and treatment with immunoglobulin has been successful in some cases (Kerr et
al. 2003). On the other hand, a study of seven patients with haematological and
rheumatological symptoms who also fulfilled the criteria for CFS could not
demonstrate any sign of ongoing B19 infection (Ilaria et al. 1995). However, CFS is
very complex and probably has a multifactorial etiology including endocrine,
psychological, neurological and immunological aspects (Maquet et al. 2006). CFS is
connected with various disturbances in the immune system according to analyses of
cytokines and cell lines of various kinds. The IFNy level may be elevated as well as the
IL6 response to stimulation of PBMC. NK-cell activity may be decreased, and
cytotoxic T-cells activated (Barker et al. 1994). B19-related CFS has been associated
with elevated levels of IFNy and TNFa (Kerr et al. 2003).

The diagnostic criteria of fibromyalgia are based on chronic, general diffuse pain and
tenderness in defined points, but a subset of these patients also has symptoms
mimicking CFS and sometimes resembling B19 infection (Wolfe et al. 1990). Case
reports of B19 infection in patients developing fibromyalgia have been published
(Leventhal et al. 1991), but a study of 15 patients with fibromyalgia showed no
association with B19 infection (Berg et al. 1993).

1.7.6 Haematological manifestations

Historically, the first clinical manifestation of B19 observed was transient aplastic crisis
(TAC) in children with haemolytic anaemia. Six hundred children admitted to a
London hospital were examined for B19, and all six patients with laboratory signs of
recent infection turned out to be Jamaican immigrants with sickle cell disease on
presentation with aplastic crisis (Pattison et al. 1981). Later, B19 was identified as the
major cause of aplastic crisis, which is a well-known complication of sickle cell
anaemia, occurring just once during a patient’s life (Serjeant et al. 2001). The
pathogenic process stems from the tropism of B19 for erythropoetic cells, where the
virus replicates and causes apoptosis (Hsu et al. 2004). Usually TAC is a self-limiting
disease, but these patients may be severely ill with symptoms that include acute chest
syndrome, splenic sequestration and BM necrosis, occasionally leading to death
(Smith-Whitley et al. 2004; Lowenthal et al. 1996; Eichhorn et al. 1999). Blood
transfusion is commonly needed, but these patients usually recover within ten days.
B19 may also be the origin of aplastic crisis in other disorders and may be the initial
presentation of a previously undiagnosed chronic haemolytic disease (Eriksson et al.
1988).



For patients whose disease involve a compromised immune defence, including HIV or
disorders related to haematological malignancies or chemotherapy, B19 infection may
be associated with chronic BM failure (Abkowitz et al. 1997; Broliden et al. 1998). The
most common manifestation in these cases is pure red cell aplasia (PRCA). Tests of
peripheral blood demonstrate anaemia and reticulocytopenia, and in the BM, reduced
erythropoesis with giant pronormoblasts is typical (Kurtzman et al. 1988). The patient
may recover spontaneously but the anaemia may persist, sometimes for years
(Kurtzman et al. 1989). Treatment is possible with intravenous immunoglobulin,
(IVIG), usually given in doses of 0,4 g /kg for five consecutive days (Mouthon et al.
2005). Immunocompromised patients infected with B19 may present with leukopenia
or thrombocytopenia and occasionally pancytopenia (Smith et al. 1995). In the general
population, B19 infection usually decreases hemoglobin level but not to the point of
clinical importance and without overt anaemia. Occasionally, though, previously
healthy individuals with no known immune deficiency may develop PRCA as well as
agranulocytosis and thrombocytopenia in association with B19 infection.

Apart from bone marrow insufficiency, thrombocytopenia may have an immunological
source, so-called idiopathic thrombocytopenic purpura (ITP). This disorder has been
associated with B19 infection in children (Heegaard et al. 1999; Murray et al. 1994) but
not in adults (van Elsacker-Niele et al. 1996).

1.7.7 Complications associated with pregnancy

About 30 to 40% of pregnant women are seronegative for B19 and susceptible to
infection. The annual seroconversion rate is about 1.5% in women of childbearing age
but may be higher in epidemic situations (Valeur-Jensen et al. 1999; Jensen et al.
2000). Infected pregnant women may have exanthema or arthralgia, but asymptomatic
B19 infection is so common that the diagnosis is often overlooked. The risk of an
adverse outcome of pregnancy after primary maternal infection with this virus has been
estimated at 5 to 10% (Enders et al. 2004; Yaegashi et al. 1998). The fetus is most
vulnerable in the second trimester, a period when the erythropoetic activity increases
rapidly (Yaegashi et al. 1998); however, fetal loss correlated with B19 infection has
occurred throughout pregnancy and been considered responsible for intrauterine fetal
death in the third trimester (Tolfvenstam et al. 2001). The best-documented disorder
attributed to B19 infection during pregnancy is non-immune hydrops fetalis, with a
pathogenetic cause of anaemia in association with heart failure (Yaegashi 2000).
Treatment is possible with intrauterine blood transfusion (Enders et al. 2004) or
immunoglobulin (Selbing et al. 1995).
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1.7.8 Other manifestations

B19 has, in case reports, been associated with a large number of diseases including
myocarditis (Lamparter et al. 2003), neurological disorders (Aguilar-Bernier et al.
2006), hepatitis (Sokal et al. 1998) and glomerulonephritis (Mori et al. 2002). This
association is sometimes probable when a typical clinical picture of B19 infection is
followed by complications in specific organs, by the presence of B19-specific IgM
antibodies and by B19-specific IgG seroconversion. However, validating the diagnosis
by using PCR to locate B19 DNA in different tissues is more difficult, since B19 DNA
can also be found in healthy individuals (Séderlund et al. 1997; Vuorinen 2002).

1.8 TREATMENT AND PROPHYLAXIS

1.8.1 Symptomatic treatment

Non-steroidal anti-inflammatory drugs and paracetamol may be of use in cases of
arthralgia (Golstein et al. 1996).

1.8.2 Antiviral drugs

The non-structural protein, NS1, is involved in viral replication, but viral proliferation
is more likely catalyzed by host-related DNA-polymerase (Astell et al. 1997). Unlike
HIV treatment with nucleoside analogues, no such antiviral treatment is available for
B19. However, HAART treatment for HIV infection may be enough to resolve co-
existent chronic B19 infection in an indirect way, since HAART increases the number
and functions of immune cells (Mylonakis et al. 1999).

1.8.3 Blood transfusion

Patients with sickle cell anaemia and (TAC) often need blood transfusions, which yield
a favourable prognosis and commonly resolve the anaemia within ten days. When
hydrops fetalis is diagnosed and associated with B19 infection, intrauterine blood
transfusion is a possible treatment, as described in several reports, and should be
considered (Enders et al. 2004).
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1.8.4 Intravenous immunoglobulin (IVIG)

In immunocompromised patients with chronic B19-related anaemia, IVIG is a well-
established treatment and usually given in doses of 0.4 g/ kg consecutively for five
days, as stated above. Sometimes this therapy is curative, but relapses may occur, in
which case repeat doses of IVIG are needed (Broliden 2001). However, one must
consider that IVIG is a possible route of B19 transmission, since the virus is stable and
difficult to eliminate during the procedure of IVIG production (Erdman et al. 1997;
Hayakawa et al. 2002). Nevertheless, for patients with chronic B19 infection but not
obviously impaired immune defence, IVIG has been found successful for treating
chronic fatigue syndrome, arthritis and intrauterine infection (Kerr et al. 2003;
Lehmann et al. 2004; Rugolotto et al. 1999; Selbing et al. 1995).

1.8.5 Cessation of chemotherapy

For patients with B19 infection for whom cessation of immunosuppression is possible
or planned, the withdrawal or switch of chemotherapy may be enough to resolve the
infection (De Renzo et al. 1994; Wong et al. 1999). Yet, for patients with renal failure
treated with erythropoeitin, B19 may cause severe worsening of anaemia, necessitating
a withdrawal of and a contradiction in case management (Lim 2005).

1.8.6 Vaccination

B19 vaccine has been tested in clinical trials and induced strong humoral responses. By
recombinant technology, empty capsids consisting of 25% VP1 and 75% VP2 have
been produced. The immune response to such vaccine can be measured by assessing
levels of neutralizing antibodies (Ballou et al. 2003). However, to receive long-term
effects from the vaccine, cellular immunity must be considered (Isa et al. 2005).
Presumably, certain patients at risk for B19 infection, such as those with sickle cell
anaemia, could benefit from vaccine prophylaxis. Moreover, widespread vaccination
might be worthwhile if the clinical spectrum of B19 becomes related to a larger number
of diseases than is known today.
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2 AIMS OF THE STUDY

To investigate the frequency of B19 DNA in bone marrow of patients with
haematological and rheumatological diseases.

To study clinical and immunological parameters in patients with signs of
persistent B19 infection, specifically to define whether persistence is
associated with a general immunodeficiency or a selective failure of the
immune response.

13



3 MATERIALS AND METHODS
3.1 STUDY SUBJECTS

The patients included in the five papers and their connections are illustrated in
Figure 3.

3.1.1 Paperl

In March 1993, a 36-year-old woman was referred to the Clinic of Infectious Diseases
in Boras, Sweden, after presenting with six months of variable symptoms including
myalgia, fever and exanthema. Routine laboratory analysis had revealed leukopenia
and anaemia. BM aspiration demonstrated megaloblastic erythropoesis of unknown
etiology. B19 serology was IgM negative but strongly positive for I[gG. When BM
aspiration was repeated, a sample for PCR analysis of B19 was sent to the laboratory
capriciously and found positive. This result was the beginning of my interest in this
subject and resulted initially in acquiring BM samples from other patients with chronic,
unexplained symptoms such as fatigue, arthralgia, leukopenia and fever. The index case
and nine others are described superficially and retrospectively in Paper I. Results for
patients 1-5 were, in contrast to those for patients 6-10, all B19 DNA positive in BM.
Subsequently, patients 1-4 were found to be persistently infected and are further studied
in Papers IV and V.

3.1.2 Paperll

During the period October 1994 to March 1996, one hundred patients were included in
this study. They were all undergoing BM sampling indicated by haematological
reasons, at the Clinic of Medicine, Sddra Alvsborg Hospital, Boras, Sweden. They were
diagnosed with acute lymphatic leukaemia (1), acute myeloid leukaemia (17), chronic
lymphoproliferative disease (23), chronic myeloproliferative disease (15), plasma cell
disease (13), anaemia (11), other cytopenias (11), adenocarcinoma, (3) and other
diagnoses (6). Patients were offered inclusion in the study regardless of symptoms or
diagnosis, simply because BM sampling was planned. We do not know how many
patients chose not to participate or how many BM samples were taken during the study
period.
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Paper IIl
50 patients with
rheumatological diseases

Figure 3.

Patients in the five different Papers. All four
B19 positive patients in Paper I are also
included in studies presented in Paper IV and
V. Seven patients in Paper 11l are included in
paper IV and one of them also in Paper V
whereas none of the B19 positive patients in
Paper II are included in any other study.




3.1.3 Paperlll

During the study period between 1997 and 1999, when 996 patients visited the
Department of Rheumatology in the Clinic of Medicine at Sédra Alvsborg Hospital
Boras, Sweden, 130 of them were randomized and invited to participation in the study,
and 50 accepted. The diagnoses of study subjects appear in Table I. Patients with
septic arthritis or crystal-induced tenosynovitis were not included. A healthy control
group had been desirable but was not available.

Table 1.
Distribution of diagnoses in the study group,presented in Paper III, and compared with
all patients attending the clinic during the study period.

Diagnosis/ symptoms Study group Population
n % N %
RA 22 44 592 59
SLE 8 16 43 43
Sjogren’s disease 3 6 47 4,7
Wegener’s granulomatosis 1 2 4 0,4
Giant cell arteritis 1 2 15 1,4
MCTD 1 2 9 0,9
UCTD 6 12 25 2,5
Arthralgia 7 14 102 10,2
Myalgia 1 2 49 4,9
Total number 50 100 996 100
RA = Rheumatoid arthritis
SLE = Systemic lupus erythematosus
MCTD = Mixed connective tissue disease
UCTD = Undefined connective tissue disease.
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3.1.4 PaperlV

Acutely B19 infected patients

Eight previously healthy female adults were prospectively identified and included in
the study after their anti-B19 IgM serology proved to be positive, and B19 DNA was
found by PCR in samples referred to Clinical Virological Laboratory at Karolinska
Hospital. All these women had at least three of the four following symptoms: fever,
arthralgia, fatigue and rash.

Persistently B19 infected patients

Initially 25 patients were included in the study because of fulfilling criteria for
suspected persistent B19 infection based on chronic clinical symptoms and a B19-
positive PCR-sample from BM. Some were recruited after being diagnosed in routine
clinical practice in Clinic of Infectious Diseases, Sodra Alvsborg Hospital, Boras,
Sweden (n=16) and some from the study presented in Paper III (n=9) who were
included consecutively regardless of diagnosis or other parameters until we reached the
number 25. Later, criteria were altered to be more restrictive, and two B19-positive BM
samples with at least six months interval were required for our own definition of
persistent infection. In this way three patients were excluded, and 22 subjects remained:
four males and 18 females.

Healthy seropositive individuals
Eighteen B19 IgG positive healthy laboratory workers were included, all negative for
B19 IgM and B19 DNA in serum and without history of recent B19-related symptoms.

Healthy blood donors
Nineteen healthy blood donors served as controls in one the part of the study,
investigating cellular immune response to concanavalin A.
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3.1.5 PaperV

Persistently infected patients

Seven females and two males also included in the study described in Paper IV
participated in the study. They were B19 IgG positive and IgM negative but B19 DNA
positive in BM during follow up (two to eight years).

Healthy seropositive individuals

Fourteen healthy individuals were included, seven males and seven females, all were
B19 IgG positive but negative for B19 IgM and DNA in serum.

Healthy seronegative individuals

Three individuals negative for B19 IgG were used as methodological controls.
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3.2 COLLECTION OF SAMPLES
3.2.1 Bone marrow

BM puncture was performed with patients given local anaesthesia (xylocain) in the
posterior superior iliac spine. BM samples were delivered to the laboratory in sterile
tubes without additives. BM smears so-collected were examined by light microscopy at
the Clinical Chemical Laboratory, Sodra Alvsborg Hospital, Boras, Sweden.

3.2.2 Blood

Blood was sampled by venous puncture and delivered to various laboratories for each
test specified.
1. Sera were placed in sterile tubes without additives for PCR and serology.
2. Blood samples in tubes with EDTA and ACD, respectively, were used for
analysis of HLA-type.
3. Blood in tubes with EDTA were analysed with flow cytometry for
subpopulations of lymphocytes.
4. Blood in tubes with heparin were used for analysis of IFNy production by
the ELISpot-technique.

3.3 DETECTION OF B19 DNA

Serum and BM samples were tested in two different nested PCRs in Paper I and II.
These assays represented the structural (VP) and the non-structural (NS) proteins of the
B19 virus, as described previously (Broliden et al. 1998). Briefly, in each PCR, the
result was considered positive if at least two of three separate amplifications gave
identical results, and all controls were correctly positive or negative. At least one of the
two PCR:s (VP and NS) was required to be positive for each patient. Serum and BM
samples were analysed after heat treatment at 94°C for 10 minutes, followed by
centrifugation at 12,000 rpm for five minutes. Two ul of the supernatant was used in
the PCR assay. The first amplification consisted of 35 cycles and the nested round 25.
The following primers were used in Paper I and II.

VP-PCR.
First amplification: nucleotides 2955 to 2974 and reverse primer 3364 to 3349.
The nested round: nucleotides 3002 to 3020 and reverse primer 3291 to 3272.
NS-PCR.
First amplification: nucleotides 1355 to1374 and reverse primer 1723 to 1703.
The nested round: nucleotides 1399 to1422 and reverse primer 1682 to 1659.

In Paper IIT only NS-PCR was used and with a slightly modified outer forward primer.
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3.4 SEROLOGICAL ASSAYS

3.41 Specific B19 IgG in serum

Enzyme linked immunosorbent assay Papers

1. ELISA; Eurodiagnostica, Malmo, Sweden 1,10

2. EIA; DAKO, Glostrup, Denmark 1

3. EIA; Biotrin International Ltd, Dublin England L 1v, v

3.4.2 Specific B19 IgM in serum

Indirect immunofluorescence test
IFA; Biotrin, International Ltd, Dublin, England 1

Enzyme Linked Immunosorbent Assay

1. EIA; DAKO, Glostrup, Denmark LI
2. EIA; Biotrin International Ltd, Dublin, England IILIL IV, V
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3.4.3 Avidity

These assays were kindly performed by Professor Klaus Hedman at the Department of
Virology, Haartman Institute, University of Helsinki, Finland. Avidity of B19
antibodies was measured by protein denaturing EIA:s using recombinant antigens
consisting of VP1 alone, VP2 alone and VP1 and VP2 together (VP1/2) in ratio 1/11.
Wells with antigen were incubated with serum and then washed with 8 M urea in PBST
(PBS containing 0.05% Tween) or only PBST, respectively. All wells were treated for
1 h with alkaline phosphatase-conjugated anti-human IgG and substrate for 30 min.
Denaturation of antigens with urea results in decreased bond between antibodies and
antigen especially in newly infected individuals who have antibodies with lesser avidity
than individuals infected long ago. By using the EIA absorbance quotient between
urea-treated and urea-free samples, the time interval since primary infection in each
patient could be estimated. Avidity levels >25% indicate past infection of more than six
months (Séderlund et al. 1995).

3.4.4 Epitope type specificity

Epitope type specificity (ETS) was, just like the avidity test, used to estimate if
antibodies against B19 were signalling past or acute infection. By using denaturated
B19 antigens, namely self-assembled VP1/2 capsid and VP2 capsid with 8 M urea,
antibody response to VP1/2 antigens have been shown to be more stable than to VP2
in patients with past infection. On the contrary, there is no such difference in acute
infection. Consequently, the extent of antibody responses to VP1/2 relatively VP2
rises over time, resulting in low quotient (<2) for acute infection and elevated scores
(>5) afte more than six months after the infection.

3.4.5 Neutralizing antibodies

Dr. Jennifer Bostic, MedImmune Inc, Gaithersburg, Maryland, USA helpfully
performed analysis of neutralizing antibodies. A megakaryoblastic cell line
(UT-7/Epo), adapted to grow with erythropoietin and semipermissive to B19 infection,
was used and incubated with serum at various dilutions. The neutralizing titre was
defined as the highest dilution that yielded no B19 RNA, which was analysed with
reverse transcriptase-PCR (RT-PCR).
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3.5 IMMUNOPHENOTYPING OF LYMPHOCYTES

Subpopulations of lymphocytes in blood from persistently infected patients were
determined by fluorescent activated cell sorter (FACS) and presented in Paper IV. The
samples were stained with combinations of murine monoclonal antibodies directly
conjugated with fluorochromes, fluorescein isothiocytanate (FITC), phycoerythrine
(PE) or peridinin chlorophyll protein (PerCP). Blood was incubated at 4° C for 15
minutes with antibodies in the concentrations recommended by the manufacturer. The
following flurorochrome-conjugated antibodies were used: anti-CD3, -CD4, -CDS5,
-CD8, -CD16, -CD19, -CD45RA, -CD45RO, -CD56, and anti-HLA DR (all antibodies
were purchased from BD Biosciences, Mountain View, CA, USA). Cell analysis was
performed by flow cytometer (FACSCalibur, BD Biosciences). Dot plots and quadrant
statistics from three-colour analysis were generated by CellQuest software (BD
Biosciences). The absolute number of blood lymphocytes was determined using a
haematological cell counter (Sysmex K-4500; TOA Medical Electronics Co, Japan).
The results for each subpopulation were expressed as the percentage of lymphocytes
and as the number of cells x 10%/L.

3.6 PEPTIDES

Amino acid sequences published by Shade were used as templates for synthesizing a
total of 210 peptides representing NS1, VP1ur and VP2 (Shade et al. 1986). Nonamers
with an overlap of one amino acid were purchased (Mimotopes, Clayton, Victoria,
Australia) except for the VP2-nonamers, which together with all other peptides were
synthesized in-house by F-moc chemistry. Peptides were first dissolved in
dimethylslufoxide (DMSO) and were then diluted with distilled water to a DMSO
concentration of less then 5%.

3.7 INTERFERON GAMMA (IFNy) ELISPOT

The cellular immune response in general, described in Paper IV, was investigated by
analyzing responses to concanavalin A, and helpfully performed by Associate Professor
Bengt Andersson at Clinical Immunology Laboratory, Sahlgrenska University Hospital,
Gothenburg, Sweden.

Sterile microtitre plates with nitrocellulose bottoms (Multiscreen-HA plates; Milipore,
Mulsheim, France) were coated overnight at 4° C with 100 U\ of mouse monoclonal
antibodies to human IFNY in sterile filtered PBS (final concentration of 15 pg/ml;
Mabtech, Stockholm, Sweden). After washing five times with PBS, 200 uL of
peripheral blood mononuclear cells (PBMC) in cell culture medium were added in
different concentrations (5 x 10%, 2 x 10* and 1 x 10 cells per well) in duplicates.
Concanavalin A was added at a final concentration of 25 pg/ml and unstimulated cells
were used as controls. The PBMC were incubated for 48 hours at 37° C in a humid
atmosphere with 5% CO,. Plates were washed and 100 pl of biotinylated mouse
monoclonal anti-IFNYy (final concentration 1 pg/ml; Mabtech) was added and they were
incubated at room temperature for 2 hours. After washing, 100 ul of streptavidin con-
jugated with alkaline phosphatase (final concentration 4 pg/ml) was added. The spots
were developed by BCIP-NBT (Life Technologies) substrate diluted in Tris buffer.
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Blue immunospots, considered to represent individual IFNYy secreting cells, were
counted in a dissection microscope.

The cellular immune response to B19 virus, described in Paper V was measured in vitro
by analysing antigen-specific secretion of [IFNy with a previously described ELISpot
assay (Larsson et al. 1999), but modified by the use of streptavidin conjugated with
alkaline phosphatase and a corresponding substrate (BioRad, Hercules, CA, USA).
PBMC were mixed with single or pooled peptides at a concentration of 10ug/ml and
plated in triplicates of 2x10° cells/ well. After 18 hours of incubation (37°, 5% CO,,
with 95% humidity), spots were visualized, counted and registered as spot-forming
cells (SFC)/10° PBMC after subtracting the release from negative controls in wells with
PBMC without peptide stimulation. A cut-off level was set, and responses were
determined to be positive or negative. IFNy-release in the ELISpot assay was
previously shown to correlate well with the presence of specific CD8 T-cells and
cytolytic activity (Lalvani et al. 1997; Horton et al. 2004). To ensure that [FNy detected
in the ELISpot originated from CD8-cells, depletion assays in ELISpot were done, as
described previously (Norbeck et al. 2005). The responses in ELISpot were lost by
depletion of the CD8 cells using mini-MACS CD8 microbeads and subsequent
magnetic separation (Miltenyi Biotec, Bergisch Gladbach, Germany) compared to non-
depleted PBMC.

3.8 HLA-TYPING

HLA expression was analysed by Consultant Jan Konar at the Tissue Typing
Laboratory, Sahlgrenska University Hospital, Gothenburg, Sweden. HLA class I
expression was determined by serology. Lymphocytes in peripheral blood were
isolated, and HL A was assessed by using a complement dependent cytotoxicity
technique (CDC) (Vartdal et al. 1986). HLA-DR genotyping was performed using a
PCR-SSP technique as described elsewhere (Olerup et al. 1992).

3.9 QUANTIFICATION OF CYTOKINES

The cytokines’ concentrations were longitudinally analysed by multiplex beads assay
(Luminex). We quantified twelve different cytokines: IL1p, IL2, IL4, IL5, IL6, IL8,
IL10, IL12, IL15, GM-CSF, INFy and TNFa in sera from all acutely infected
individuals (Paper IV). Cryopreserved serum samples from persistently infected and
healthy seropositive individuals were analysed on one occasion. A commercially
available multiplex beads immunoassay, based on the Luminex platform (Biosource
International, Inc, Camarillo, CA, USA) was used according to the manufacturer’s
procedure. All samples were run in duplicate. Briefly, beads with defined spectral
properties were conjugated to the analyte-specific capture antibodies. Beads, samples,
standards and controls were pipetted in a filter-bottomed 96-well plate and incubated
for 2 hours while shaking (550 rpm). After three washes, the biotinylated detector
antibodies were added to the beads and incubated for one hour at room temperature.
Streptavidin conjugated to R-phycoerythrin (SA-PE) was added to the wells after
several washings and incubated for 30 minutes. By monitoring the spectral properties
of the beads and the amount of fluorescence associated with PE, the instrument
measures the concentration of the analytes presented in the original specimens. The
data (mean fluorescence intensity) were analyzed using a Luminex reader (Luminex,
Austin, TX), and the mean concentration was calculated as pg/ml serum.
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4 RESULTS AND DISCUSSION

4.1 PAPERI: CLINICAL AND LABORATORY FINDINGS IN
IMMUNOCOMPETENT PATIENTS WITH PERSISTENT PARVOVIRUS
B19 DNA IN BONE MARROW

This retrospective report describes our initial experiences of PCR analysis of B19 DNA
in BM samples and how my interest begun. In March 1993, at the Clinic of Infectious
Diseases, Sodra Alvsborg Hospital, Bors, Sweden, a 36-year-old woman presented
with a six-month-history of variable symptoms including myalgia, fever and
exanthema. Previously, routine laboratory analysis had revealed leukopenia and
anaemia. BM aspiration demonstrated megaloblastic erythropoesis of unknown
etiology. Parvovirus serology was IgM negative but highly positive for [gG. When BM
aspiration was repeated, a sample for PCR analysis of B19 was sent, to the Virological
Laboratory at thee Swedish Institute for Infectious Disease Control, and found positive.
This unexpected result inspired me to analyse B19 DNA in BM samples in other
patients with chronic, unexplained symptoms such as fatigue, leukopenia and fever.
That original sampling was irregular, intuitive and without systematic order so could be
referred to “randomized biased selection.” Our first doubts and questions, which still
continue, were how to evaluate the relevance of B19 DNA in patients’ BM and whether
further immunogical investigations were clinically indicated. Knowledge of the natural
virological course of B19 was, and remains, limited and several explanations for
positive finding of B19 DNA are possible.

1. Chronic active infection

2. Persistence as a part of the natural course of B19 infection analogous to that
of herpesvirus infection

3. Fragments of B19 DNA without the ability to replicate viruses

The diagnosis of this first patient (case 1) was relatively obvious, since she had several
clinical signs characteristic of B19 infection. She had anaemia associated with
megaloblastic erythropoesis (Figure 4), suffered from arthralgia and had exanthema, a
combination that made B19 infection probable. Initially, her serum was declared IgM
negative, but reanalysis determined that it was positive. Furthermore, when the patient
was confronted with the diagnosis, she recalled an outbreak of fifth disease in the day
care centre where she worked during the same year as she fell ill. Her persistent
symptoms, i.e., anaemia and leukopenia, led to treatment with IVIG that was initiated
in 1995, after she had endured more than two years of disease (Figure 5). The levels of
haemoglobin and leukocytes were improved after IVIG therapy, but her fatigue and
arthralgia persisted, and the virus was not cleared from BM. ETS and avidity were
tested to estimate the duration of the disease, and was helpfully performed by Dr. Maria
Soderlund at the Department of Virology in Helsinki, Finland. The results indicated
past infection of more than six months duration. The patient is further described in
Paper IV and V.
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Figure 4.

BM preparation in case 1 presented in Paper I. Megaloblastic erythropoetic
cells are shown with white arrows and normal erythropoetic cells with black
aIrows.
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Figure 5.

Laboratory parameters associated to case 1 in the first paper. She is also described in
Paper IV and V. The figure show variations in hemoglobin (Hb, g/1) leukocyte count
in blood (WBC, leucocytes x 10°/1) and in time corresponding treatment with
immunoglobulin () Initially the treatment was given intravenously (IVIG), one dose
of 30 g in December 1994, three doses during three days in May 1995 and five doses
during five days in September 1995. Subcutaneous treatment with immunoglobulin
(SCIG) was given in doses of 40 ml twice a month from April to October 1996. B19
positive PCR samples in bone marrow are also shown (+).
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The patient recorded as case 2 suffered from arthralgia fever and fatigue subsequently
to acute respiratory symptoms. She was working in a childrens’ day care centre, so
stimulated by the results from case 1, we examined her BM searching for B19 DNA
and the result from the PCR assay was positive. Her symptoms, including those of
chronic fatigue syndrome, persisted for several years, but her haematological status
remained normal and, except for B19 DNA in the BM, no other obvious clinical signs
of B19 infection appeared. Treatment with immunoglobulin was given and to some
extent subjectively connected to improvement. BM samples have been B19-DNA
negative several times but periodically positive again. Although the explanation could
be reinfection, variations in viral load combined with limited sensitivity in the PCR
procedure are more likely. ETS and avidity assay demonstrated a prior immune
reaction more than six months before, but the initial respiratory symptoms may or may
not have been related to B19 infection.

The patient designated as case 3 also worked in a childrens’ day care centre, but her
medical history was more complicated than the others’. In childhood she had symptoms
of motor and sensory dysfunction, and by the age of twelve, she underwent a muscle
biopsy, examined on the suspicion of hereditary muscle dystrophy but proving to be
negative. However, her symptoms persisted and propagated slowly. In 1991,
neurophysiologic examination demonstrated motor and severe sensory neuropathy of
unspecified origin. She was admitted to the Clinic of Infectious Diseases in 1994,
because of a long-lasting ulcer on her right foot, probably related to neuropathy. The
patient also experienced recurrent episodes of erythema nodosum since 1979, and when
it reappeared in 1995, rheumatologic investigation was initiated. Additionally, for many
years, she had suffered from periods of facial erythema and non-arthritic arthralgia in
knees, wrists and shoulders. Results of testing for rheumatoid factor and antinuclear
antibodies were positive. After thorough investigation in the Department of
Rheumatology at Sahlgrenska Hospital, Gothenburg, in 1997, including examination of
saliva secretion and lip biopsy, she was diagnosed with primary Sjogren’s syndrome.

In 1996, arthralgia, facial erythema, anaemia and probably the patient’s profession as
preschool teacher all contributed to the decision to look for B19 DNA in her BM.
When that result proved to be positive, the current question about relevance was
evident.

Various neurological manifestations associated with B19 infection are well described in
several reports (Barah et al. 2003; Aguilar-Bernier et al. 2006; Kerr et al. 2002), and
IVIG treatment is considered of potential value (Nigro et al. 1994). Therefore, this
patient’s slow but serious progressive symptoms motivated tentative treatment with
IVIG, which was given in doses of 0.4g / kg five days followed by one dose monthly
for six months. No obvious alteration in clinical status was noted initially but her
subsequent symptoms of erythema nodosum occurred much less frequently, and the
neuropathy, which according to neurophysiologic tests, had worsened between 1991
and 1996 was without evident changes between 1996 and 2000. After therapy ceased,
follow-up analysis of B19 DNA in BM performed in 1996, in 1997 and most recently
in 2000 all showed positive results, illustrating the failure of viral clearance.
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Interestingly, the very first muscle biopsy from 1962 was found, re-tested and declared
positive for B19 DNA. With respect to the difficulty of establishing accredited analysis
of 40-year-old, formalin-fixed samples, the finding was astonishing. Was the patient
already persistently infected in childhood? Was the chronic immune stimulation by this
virus the pathogenetic origin of her disease manifestations including erythema
nodosum, facial erythema, autoantibodies and progressive neuropathy?

The profession of the patient case 4 represents was, not surprisingly, pre-school teacher.
She was admitted to the clinic in October 1996 after four weeks of continuous fever
and arthralgia in the knees. Her routine haematology status was normal, and serology
concerning cytomegalovirus, Epstein-Barr virus and human immunodeficiency virus
was negative. Serological testing for B19 demonstrated highly positive results for B19
IgG and slightly positive B19 IgM indicating primary B19 infection. The symptoms
proceeded without relief, and persistent B19 DNA remained in BM samples in
November 1996 and March 1997. Treatment with IVIG 0.4 g/ kg was given once in
May 1997 and additional three doses three weeks later. In connection with the latter
doses, the patient became more acutely ill with high fever but no focal sites of
symptoms for some days. Subsequent BM sampling in July was negative, and the
arthralgia vanished, but the inconvenience of fatigue and fever has continued over the
years fulfilling criteria for CFS. B19 DNA in BM was again positive in September
1997 and in 1998 but negative when analysed in 1999. That year, she was struck down
by a miscarriage in week 15 of pregnancy, but another pregnancy ended successfully in
2000 when an acute Caesarean was performed because of pregnancy-related toxaemia.
The child was born healthy without signs of infection. Although the patient had another
miscarriage in 2002, in 2003 she gave birth to a healthy girl after a pregnancy without
complications.

Primary B19 infection during pregnancy is associated with miscarriage but also
hydrops fetalis, mainly in the second trimester, and intrauterine fetal death later in
pregnancy (Norbeck et al. 2002; Skjoldebrand-Sparre et al. 2000). B19 has also been
linked with preeclampsia and eclampsia (Selbing et al. 1995; Yeh et al. 2004). If and
how chronic B19 infection might affect the foetus is not known but should be
considered, since persistent infection logically might be related to some sort of
impaired or deficient immune response to B19 in the mother.

The patient known here as case 5 had fever and fatigue for ten months previous to

examination for B19 DNA in BM, which proved to be positive. Sampling 11 months
later was negative, and in follow up the patient was asymptomatic.
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The patients designated as cases 6 to 10 were examined for similar reasons as those
constituting cases 1-5, chronic symptoms of unknown origin, but with components
consistent with known manifestations of parvovirus B19. They were all B19 DNA

negative in BM as summarized in Table 2.

Table 2.
Clinical and virological findings in five patients with negative B19 DNA in BM
presented in paper 1.

Case | Clinical presentation B19IgG B19IgM B19 PCR
6 | Leukopenia, anaemia, fever + - -
7 | Chronic leukopenia + - -
8 | Anaemia and fever + - -
9 | Arthralgia + - -
10 | Recurrent arthralgia and fever + - -

The conclusions from these case reports in which B19 DNA was consistently found in
BM are and were difficult to draw, but we established that some individuals were B19
DNA positive in BM and others were not. One explanation could be that life-long viral
persistence in BM is the natural course after primary infection and that our method was
not sensitive enough to detect all instances. If so, viral load could be of interest, and a
positive result in our qualitative test could indicate a relatively high extent of viral
replication. Actually, a recent study with a sensitive quantitative PCR has demonstrated
B19 persistence in serum for more than one year after acute infection (Lindblom et al.
2005). Our qualitative PCR has turned out to have sensitivity about 10° copies/ ml.

Another explanation for positive PCR results could be fragments of DNA remaining
from primary infection, even over long periods of time. This possibility was not
confirmed, since B19 DNA from some of the patients (cases 1 through 4) was later
sequenced, and the complete B19 virus genome was present in each patient
(unpublished data).

CFS is a diagnosis based on internationally accepted criteria, defined first in 1988 and
revised in 1994, describing a disease with debilitating fatigue lasting more than six
months and associated with at least four of the following symptoms: impaired memory
or concentration, tender lymph nodes, myalgia, arthralgia, headache, unrefreshing sleep
and postexertional malaise (Fukuda et al. 1994). That patients with B19 infection
frequently develop this syndrome is well known, but when larger populations of
patients with CFS were investigated, no sign of B19 was found. Undoubtedly, this
disease has a broadly heterogeneous aetiology (Maquet et al. 2006).
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Numerous viral infections, not only that from B19, have been discussed as possible
causes of a full range of autoimmune inflammatory diseases. One theory regarding
pathogenesis has been a “hit and run phenomenon” in which virus acts as a trigger
factor that initiates an immunological reaction. Subsequently, this reaction becomes
self-generating and, possibly by molecular mimicry, continues to evoke a destructive
autoimmune response even after the virus has been eliminated (Holtzman et al. 2005;
Rouse et al. 2002). Another hypothesis, illustrated by case 3, is that persistent viral
infection causes autoimmune manifestations from chronic immune stimulation. An
example is the association between chronic hepatitis B virus infection and periarteritis
nodosa, in which the deposition of immune complexes may cause vasculitis in various
organs (Trepo et al. 2001). The autoimmune disease Sjogren’s syndrome has been
linked with such viral infections as that by Epstein-Barr virus (Wen et al. 1996) herpes
virus 6 (Newkirk et al. 1994) and HTLV1 (Nakamura et al. 1997). An association with
B19 has been investigated in two small studies but with negative results (De Stefano et
al. 2003; De Re et al. 2002). The patient in case 3 was diagnosed with Sjogren’s
syndrome, yet her B19 DNA analysis was negative when a sample from the salivary
gland was examined with PCR. However, immunological manifestations secondary to
infectious diseases may not necessarily be related to a viral presence in the affected
organ.

In conclusion, this retrospective report contains the results of our first use of PCR to
search for B19 DNA in BM samples. The positive findings in patients with relevant,
chronic symptoms raised questions that were important to answer and became the basis
for our further studies.

Paper II:

Prevalence of parvovirus B19 DNA in bone marrow of patients with haematological
disorders

How common is B19 DNA in BM samples in a larger population?

Paper I1I:

High frequency of parvovirus B19 DNA in bone marrow samples from rheumatic
patients

How common is B19 DNA in patients with rheumatologic diseases?

Paper IV:

Cytokine responses in acute and persistent human Parvovirus B19 infection
Do patients with persistent B19 infection have any general immunological
characteristics in common?

Paper V:

Aberrant cellular immune responses in persistently human parvovirus B19-infected
individuals

Do patients with persistent B19 infection have any specific B19-related immunological
characteristics in common?
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4.2 PAPER IIl: PREVALENCE OF PARVOVIRUS B19 DNA IN BONE
MARROW OF PATIENTS WITH HAEMATOLOGICAL DISORDERS

Paper I presented the histories of patients with chronic symptoms and positive findings
of B19 DNA in BM samples. These findings led to questions concerning the frequency
of B19 DNA in the general population. If, speculatively, B19 persistence in BM was
the natural course of primary B19 infection, the frequency of positive test results ought
to be rather high, since the seroprevalence in the adult population is over 50% and more
than 80% in the elderly. A large study including healthy individuals would have been
desirable, but BM puncture is an invasive method limiting the possibilities. That was
the reason for investigating B19 DNA in BM of patients with haematological disorders.
Their BM was examined for diagnostic purposes or as follow-up after chemotherapy;
that is, sampling BM for B19 DNA analysis was not a motive. A total of 100 patients
was enrolled in the study between October 1994 and April 1996 at the Haematology
Department, Clinic of Medicine, Sddra Alvsborg Hospital, Boris, Sweden. Regrettably,
neither the total number of BM punctures performed during the study period nor count
of patients denied inclusion in the study was recorded. Moreover the population was
heterogeneous including patients with such varied diseases as acute lymphatic
leukaemia (1), acute myelocytic leukaemia (17), chronic lymphoproliferative disease
(23), chronic myeloproliferative disease (15), plasma cell disease (13), anaemia (11),
other cytopenias (11), adenocarcinoma (3) and other (6).

The main purpose of the study was to examine the frequency of B19 DNA in BM, but
ETS and avidity were also assessed to establish if the primary infection was more
recent than six months. Results indicated borderline values in the patient designated
case 1 and signs of acute infection in that of case 2. They were I[gM- positive indicating
recent infection, but B19 PCR was negative in BM as well as in serum. Both patients
had, related to their haematological diseases, elevations of polyclonal IgM in serum;
therefore, falsely positive B19 IgM cannot be excluded, or is even probable. In general,
results from serological assays are questionable in patients with haematological
disorders; additionally, our analysis of avidity in these cases is of limited value.
Problems with serological testing are further illustrated by the fact that only one of nine
myeloma patients was IgG-positive. Myeloma is characterized by the production of the
monoclonal M-component, but the production of polyclonal antibodies against various
infectious agents is depressed. Consequently, when studying seroprevalence, the true
history of exposure to B19 may be underestimated. Nevertheless, the seroprevalence in
these patients was 59%, corresponding to the expected figure in an adult population.
However, patients with haematological diseases are at risk for acquiring B19 infection
by transfusion and immunoglobulin treatment (Cohen et al. 1997; Hayakawa et al.
2002).

Four patients were positive for B19 DNA in BM, whereas none was positive in serum.
Symptoms, possibly related to B19 infection, such as arthralgia, exanthema and
anaemia, were a part of the medical history for three of them, but they had no obvious
signs of ongoing B19 infection at the time of BM puncture. Obviously, it is difficult to
determine if manifestations like anaemia are B19 related or not in patients with
haematological diseases.
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As mentioned, patients at a haematological department are at risk for acquiring B19
infection, but they might also be prone to developing persistent infection. When one
attempts to approximate the prevalence of B19 DNA in BM in the general population,
the result may be an underestimation. In a previously published study, B19 was
detected in the BM of four patients with chronic B19-related arthropathy but not found
in any of six seropositive healthy controls (Foto et al. 1993). The frequency of B19 in
BM samples was described in two studies published 1997. Liu detected B19 DNA by
in situ hybridization, which was positive in seven of 81 (8.6%) AIDS patients (Liu et al.
1997), and Cassinotti reported positive B19 DNA in four of 45 healthy bone donors
(Cassinotti et al. 1997). Later, Heegaard presented data from 153 healthy BM donors of
whom 73 % were IgG-positive and four (2.6%) B19 positive in BM (Heegaard et al.
2002). These figures are coherent with our results. One question is evident, though:
What is the sensitivity of the PCR method? In Heegaard's study, the sensitivity was
stated as 200-2000 viral copies /ml sample volume, and in our laboratory, it has later
specified as 1000 copies/ ml. Consequently, one can not exclude that the true general
prevalence of B19 DNA in BM is actually higher than in those studies and that only
high viral loads have been detected so far. Disregarding these aspects, our main
conclusions from this study were that B19 DNA is not a general finding in seropositive
individuals and that persistence of B19 DNA in BM is not a common course after
primary infection.
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4.3 PAPERIIl: HIGH FREQUENCY OF PARVOVIRUS B19 DNA IN BONE
MARROW SAMPLES FROM RHEUMATIC PATIENTS

We previously presented a case report, Paper I, describing patients with various chronic
symptoms and with persistent findings of B19 DNA in BM. Paper II included 100
patients with haematological disorders, and from the results we concluded that viral
persistence is not a general finding in seropositive individuals. Next, because
arthropathy is a well-established clinical symptom of B19 infection, especially in adults
(Torok 1992), and numerous reports have associated this virus with rheumatic
manifestations (Moore et al. 1999; Nikkari et al. 1994; Nigro et al. 1994; Pugliese et al.
2006; Ferri et al. 2005), we were inspired to investigate the frequency of B19 in
patients with rheumatic diseases. PCR analysis of BM samples was used, since we
know that erythropoetic cells are the predominant targets for B19 infection. Of patients
who visited the Department of Rheumatology at Sodra Alvsborg Hospital, Boras,
Sweden, during the years 1997 to 1999, 130 were randomly chosen and invited to
participate in this study. The various diagnoses of the 50 patients who accepted are
summarized in Table 1.

B19 IgG serology was positive in 41 of those 50 patients (86 %), but all were B19
IgM negative. By PCR, 13 of the 50 patients (26%) were B19 DNA-positive in BM,
and the frequency was higher, i.e., seven of 22 (32%), in the subset of patients with
RA. When compared to our previous results in the study of haematological patients
(4% positive), the difference was significant (Figure 6).
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Figure 6.

The figure illustrates the difference between the results in Paper II including patients
with haematological diseases in which four of 100 patients (4%) were B19 DNA
positive and in Paper III in which B19 DNA was positive in 13 of 50 patients (26%)
with rheumatological diseases. All results refer to B19 DNA in bone marrow analysed
by PCR.
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Regretfully, we retrospectively are aware that a contemporary study comparing the two
study groups had been more powerful when interpreting results. However, the BM
samples were collected under similar conditions, and the PCR technique used was
mainly identical. In the haematology study, though, two PCR assays were used to
detect DNA representing structural (VP) as well as non-structural proteins (NS1), and
in the present study just the latter one was applied that might have underestimated the
figures. Furthermore, the parameters of gender and age differed, with female
dominance and younger patients evaluated in the theumatology study. In our attempt to
look for B19 DNA in patients with various diagnoses, broad inclusion criteria were
used within the rheumatology spectrum, and the heterogeneous population was a
disadvantage, making statistical analysis doubtful. However, of 22 patients with RA
enrolled in the study, 19 were rheumatoid factor-positive, and 20 had erosive arthritis in
X-ray. B19 DNA in BM was positive in seven of 22 RA patients and interestingly, in
spite of the small population, the frequency of rheumatoid factor differed significantly
between B19-positive and -negative patients, as shown in Table 3. A difference was
also noted in that erosive arthritis was less common in the subset of RA patients with
B19 DNA in BM. The difference was not significant, but of interest, since it is known
that patients with established B19 arthropathy sometimes fulfil the criteria for RA but
do not develop joint destruction. Neither were other differences significant but cannot
be excluded since the number of patients was small. A larger study investigating B19
DNA in BM relative to erosive arthritis and rheumatoid factor in RA patients would be
worthwhile.

Clearly, laboratory tests that detect B19 DNA are insufficient to prove viral etiology in
diseases of different kind, since B19 DNA is also found in healthy controls. In general,
the principle difference in diagnosing infections is dividing microbes into those that
colonize or persist in healthy individuals (E. coli, Candida, herpesvirus) and those that
are more obligatorily associated with disease (Legionella, Pneumocystis jiroveci, HIV).
In the latter group, detection of the microbe is usually enough for diagnosis, but in the
former, one must implement indirect methods like IgM serology, pathological
preparations and, most important, clinical picture. Previously, B19 was classified as an
abortive virus that causes an acute infection and is subsequently eliminated from the
body by the immune defence. Accordingly, detection of the virus would be diagnostic.
However, several studies have now demonstrated that B19 can persist irrespective of
clinical symptoms (Soderlund et al. 1997). Consequently, other diagnostic tools are
required for establishing a viral etiology such as immuno-histochemistry and
quantitative PCR. The origin of the sample, in which virus is detected, is probably of
importance when assessing B19 DNA presence and the relevance has to be established
organ by organ. With the methodology available, we concluded that in a large
proportion of rheumatic patients BM samples were B19 DNA-positive yet that these
B19-positive RA-patients tested positive for RA-factor less often than B19-negative
individuals. Only with larger studies will such results yield a statistically valid
interpretation.
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Table 3.
Characteristics of a subgroup of patients presented in Paper III, the 22 RA patients, and
related to the presence of B19 DNA in bone marrow.

Parameters in 22 RA patients | B19 DNA pos B19 DNA neg p-value
n=7 n=15

n % n %
Erosive arthritis in X-ray 5 71 15 100 ns (0,09)
Rheumatoid factor 4 57 15 100 0,023
Anti-nuclear antibodies 2 29 2 13 ns
Steroids 5 71 8 53 ns
Cytostatics 3 43 9 60 ns

Fisher’s exact test was used and demonstrated that presence of rheumatoid factor was
more common in RA patients without B19 DNA in BM than in patients with positive
B19 DNA samples. The differences in other parameters were not significant.

RA = rheumatoid arthritis
ns = not significant
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4.4 PAPERIV: CYTOKINE RESPONSES IN ACUTE AND PERSISTENT
HUMAN PARVOVIRUS B19 INFECTION

This paper is divided into two parts. The first records the cytokine response after
primary B19 infection in eight acutely infected individuals over a period of 2.5 years.
The second describes 22 individuals with signs of persistent B19 infection studied for
immunological parameters. This latter part is particularly important in the context of the
present thesis, which questions whether persistent B19 infection can be referred to as a
general immune deficiency or a selective impairment in immunological competence to
eliminate B19. We also included 18 healthy seropositive individuals as controls for
comparison of cytokine responses.

Dominance of a Thi cytokine response in acute B19 infection

The cytokine profile associated with acute B19 infection was studied in eight female
patients, followed for about 20-130 weeks. Diagnosis was determined by typical
clinical symptoms associated with positive B19 IgM serology and detection of B19
DNA in serum. In only two of the eight patients, pro-inflammatory cytokines (IL18,
GM-CSF, IL6, TNFa, and chemokine IL8 were elevated within the first weeks of acute
infection. Thereafter, the concentrations decreased to low or undetectable levels. With
respect to immunologic Th1 and Th2 responses, all eight patients had elevated levels of
one or more Thl-related cytokines (IL2, IL12 and IL15) but no rise of IFNy (except in
one patient at weeks 1-3). This is surprising and notable, since IFNy is usually
associated with the Thl response. The possibility that a technical artefact caused our
results was considered but is not probable, since we demonstrated elevated levels of
IFNy in patients with persistent infection. The Th2 response, defined as detection of the
cytokines IL4, ILS and IL10, was low during the entire study period. Th2 cytokines are
regarded as important in the immune system for development of immunoglobulin
production; however, the levels of B19 IgG were normal. Evidently, then, the
production of IgG antibodies may be induced by other mechanisms not studied here.
Results from previous studies of the cytokine profile in acute B19 infection contrast
with ours. Kerr investigated 84 patients with acute B19 infection and found a mixed
Th1/Th2 response with elevated levels of IFNy, TNFa and IL4 (Kerr et al. 2004). In
that study, however, sampling was done only once and at different time points after
infection than we used, perhaps accounting for the discrepancy. Production of IFNy is
crucial for the cellular immune response, and we previously noted that B19 antigen
evoked IFNy responses in CDS cells of five acutely B19 infected patients (Norbeck et
al. 2005). The present study shows elevated levels of IL12 and IL15, both known to be
important in cellular immunity. IL12 stimulates IFNy production by CDS cells and Th1
cells and IL15 differentiation of CD8 cells into mature effector and memory cells (Kidd
2003; Yajima et al. 2000).
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Since we had demonstrated persistent infection of parvovirus B19 DNA in numerous
patients on more than one occasion during a period of several years, we were interested
in investigating different immunological parameters for general aberrations that might
be responsible. Initially 25 persistently infected individuals were included in the study.
They were deemed chronically infected with parvovirus B19 on the basis of B19 DNA
detected in BM and with long-lasting symptoms such as chronic fatigue, arthralgia and
myalgia. Some were recruited after being diagnosed in routine clinical practice at the
Clinic of Infectious Diseases, Sodra Alvsborg Hopital, Boras, Sweden (n=16), and
others from the study presented in Paper III (n=9). These were included consecutively,
regardless of diagnosis or other parameters until the number reached 25. Later, we
altered the criteria to be more restrictive, and two B19 positive BM samples taken at
least six months apart were required for our own definition of persistent infection. In
this way three patients were excluded and 22 remained. No general criteria exist for a
precise definition of chronic B19 infection, and the natural course of B19 presence in
BM following acute infection is unknown. However, B19 DNA in BM is not a general
in seropositive individuals according to other studies (Paper II; Heegaard et al. 2002).
By revising our criteria to demand two positive samples taken at an interval of more
than six months, the presence and persistence of B19 virus were confirmed, and the risk
of accidental occurrence could be minimised. Characteristics of included patients are
briefly shown in Table 4.

Recent infection might account for viral presence in BM, and as much as 25-68% of
B19 infections are reported to be asymptomatic (Heegaard et al. 2002; Noyola et al.
2004). In the present study six patients were IgM-positive indicating recent infection. In
four of them the probable point of disease onset could be approximated and associated
with symptoms consistent with B19 infection. The other two patients had no recent
indicators as to the start of disease; furthermore, they were [gM-positive more than
once in samples taken at intervals of several years. Usually B19 IgM serology is
negative within a couple of months after primary infection (Anderson et al. 1985).
Persistent IgM may illustrate chronic infection but sometimes represents a false
positive reaction, which is fairly common in IgM assays in general, and particularly in
patients with rheumatologic diseases (Johnson et al. 2004). One of our patients who
was positive for [gM in 1999 as well as in 2003 suffered from SLE; still, she was B19
DNA-positive in BM on both occasions and viral relevance must be considered. In
several reports, SLE has been associated with B19 infection (Trapani et al. 1999; Hsu et
al. 2001), but contradictory results have also been published (Bengtsson et al. 2000).
Nevertheless, B19 infection and SLE share clinical features, and in individual cases, the
connection may be real. This patient with B19 infection and SLE was recruited from
the study investigating B19 DNA in BM from rheumatology patients (Paper I1I) and
illustrates a weakness of the study presented in Paper IV. The population of the study
was heterogeneous, and the patients enrolled had different origins, clinical practise and
a clinical study, respectively. A larger study with homogenous groups of patients
positive for B19 DNA in BM compared with matched patients with negative B19 DNA
would have been desirable but was at this time not possible to perform.
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Table 4.
Clinical and laboratory findings in 22 subjects with persistent B19 infection presented in paper I'V.

Sudy subject | Sex Age From R?* Ummmboﬂmw Fatigue® CFs¢ Arthralgia  Myalgia IegM PCR® PCR time' IgG-PCR time®
1 F 61 Y RA N N Y N N 2 12 12
2 F 45 N Sjogren Y N Y Y N 5 47 48
3 F 43 N Y Y Y Y N 6 67 77
4 F 26 N Y Y Y Y Y 4 24 25
5 F 59 N Y Y Y Y Y 2 21 46
6 F 36 N Y Y Y Y N 7 110 115
7 M 46 N Y Y Y Y Y 3 53 56
8 M 45 N Y Y Y Y N 3 21 27
9 F 40 N Y Y N Y N 2 18 20
10 F 40 N Y N Y Y N 2 6 21
11 F 38 N Y Y Y Y N 2 36 37
12 F 41 N Y Y Y N N 2 60 121
13 F 62 N Y N Y N N 2 23 23
14 F 3] N Y Y N Y Y 2 22 46
15 M 42 N Y Y Y Y Y 2 12 20
16 M 57 N Y Y Y Y N 2 27 29
17 F 39 Y Y Y Y N N 2 41 41
18 F 37 Y RA N N Y Y N 2 16 16
19 F 60 Y RA Y N Y Y N 2 44 44
20 F 60 Y RA N N Y Y N 2 17 17
21 F 43 Y Y Y Y Y N 2 14 41
22 F 39 Y SLE Y N Y Y Y 2 42 42

a) Rheumatology patient. B19 positive in bone marrow in a previously performed study (paper III).
b) Subjectively experienced unnatural fatigue.

¢) Definite rheumatic diagnosis.

d) Fulfilling criteria for CFS (Chronic Fatigue Syndrome) (Fukuda, Straus et al. 1994).

e) Number of B19 positive bone marrow samples.

f) Number of months from first to latest B19 PCR positive bone marrow sample.

g) Number of months from first positive B19 IgG in serum to latest positive B19 PCR in BM.
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MHC class I molecules (HLA A, B and C) are presented on the surface of nearly all
cells in the human body, whereas MHC class I (HLA DP, DQ, DR) are seen on
lymphocytes and dendritic cells, the latter presenting antigens to lymphocytes
following phagocytosis. Briefly, MHC class II, associated with antigens, incite
immunological activity in lymphocytes whereas MHC class I, likewise associated with
antigens, presented on infected cells designate them as targets for components of the
activated immune system. Viral antigens are presented on the surface of cells they
infect by binding to a groove in the MHC molecule, and the binding strength may vary
for different HLA type. Furthermore, some antigens are HLA-restricted and presented
exclusively in individuals with specific HLA types (Tolfvenstam et al. 2001).
Consequently individuals who are homozygous in HLA type may provoke a more
narrow antiviral immune reaction than seen in those who are HLA heterozygotic, since
the infected cells in the latter group may present more antigen epitopes.. In conclusion,
the MHC system is of great importance in immune defence, and the HLA type might be
related to our questions concerning B19 persistence in a subset of individuals.
Previously, Kerr described a relationship between symptomatic B19 infection and HLA
DR4 (Kerr et al. 2002), which is of interest since that allele is associated with RA.

Lacking access to matched controls, we compared the distribution of HLA class I
antigens in our patients to that in previously unpublished data from the Tobias registry,
which contained information for 40928 Swedish BM donors. The great number of
possible results in each variable makes a large control group of great value but BM
donors represent a selective part of the general population. Even so, HLA A9 was
shown to be more common in the 22 individuals, persistently infected with B19, than in
the 40928 controls (36% and 18% respectively, p=0.047, Fisher’s exact test), an
association that not has been described before. No differences were shown for HLA B.
Results concerning HLA DR did not show any significant differences when compared
with a previous study including a healthy Swedish control group (Berlin et al. 1997).

Immune phenotyping of lymphocytes revealed deviating results according to reference
values in some patients, but no uniform aberration in lymphocyte count was found to
explain viral persistence (Table 5). Six patients had subnormal levels of B-cells (CD19)
but their levels of immunoglobulin were normal. The finding of subnormal lymphocyte
levels in some patients was not obviously related to viral persistence, considering
inhomogeneous results in different patients and that most patients did not have any
aberration. Alternatively, the pathogenetic pathway of persistence may differ among
individuals. However, our more functional assay, measuring the production of I[FNy
after antigenic stimulation by concanavalin A, failed to demonstrate any functional
deficiency in T-cell response in these 22 persistently B19 infected individuals.
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An explanation for viral persistence could be an imbalance of Th1/Th2 cytokines as
proposed by Spanakis concerning hepatitis C (Spanakis et al. 2002). Our measurements
of cytokine levels, though, did not reveal any definitive difference when samples from
the B19-infected patients were compared to those from healthy seropositive
individuals. The exception was IFNy-level, which was higher in B19 infected subjects
than in the controls, but this outcome could be an expression of disease rather than B19
infection per se.

Although we have not demonstrated any uniform deficiency in immunological function
in patients with persistent B19 DNA in BM, on the other hand, our results have not
excluded that possibility. Our methods to measure and describe the complicated system
of defence against infectious diseases are limited, and sometimes we are studying the
map rather than reality. Nevertheless, one of the major issues of my thesis is the
question whether viral persistence is related to B19-specific immunodeficiency or to a
general immunodeficiency of the host, and the former option is still without counter-
evidence. Further support for this former theory is also described in Paper V.

Table 5.
Absolute size of lymphocyte subpopulations (10°/1) in the 22 patients presented in
Paper IV.

CD Lymphocyte Mean Median Reference
CD3 T 1,215 1,350 0,7-2,1
CD3 and CD4 | Th 0,807 0,820 0,3-1,4
CD3 and CD8 | Tc 0,443 0,435 0,2-0,9
CD16 and CD56 | NK 0,215 0,205 0,09-0,6
CD19 B 0,168 0,135 0,1-0,5
CD = Cluster of differention

NK = Natural killer cells

Th =T helper cells

Tc =T cytotoxic cells

B =B cells

Table 6.

ELISpot results, IFNy production in SFC per million PBMC with and without
concanavalin A stimulation in patients presented in paper I'V.

Study patients n=22 Controls n=19 Significance
Mean Median Mean Median

Baseline 5,6 0,5 1,4 0 ns

Con A 4082 2150 4917 1500 ns

Con A = concanavalin A

ns = not significant according to Mann-Whitney
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4.5 PAPER V: ABERRANT CELLULAR IMMUNE RESPONSES IN
HUMANS INFECTED PERSISTENTLY WITH PARVOVIRUS B19

In our previous studies, the persistence of B19 DNA in BM was demonstrated in
patients with chronic symptoms. We also concluded that B19 DNA in BM is not a
general finding in seropositive individuals. Additionally, patients with viral persistence
tested immunologically have not had uniform general deficiencies in immune function.
Yet, irrespective of its relevance for clinical manifestations, the immunological
background of persistence is of interest. Broader implications are also possible; for
example, after hepatitis B infection in human adults, about 5% develop a persistent
disease, possibly related to low levels of cytotoxic T-lymphocytes directed to hepatitis
B antigen, indicating a selective immune deficiency (Nayersina et al. 1993). A similar
pathogenetic mechanism of B19 infection might be responsible for viral persistence and
such a mechanism would be well worth investigating.

Therefore, the study presented in Paper V was initiated and included nine subjects
persistently infected with B19. The criteria for persistent infection were defined as at
least two B19 DNA-positive BM samples identified at least six months apart. No other
selection criteria were used when choosing among subjects in the larger group of
patients with B19 persistence described in Paper IV. Fourteen healthy individuals were
also enrolled in the study as a control group. They were B19 IgG-positive but IgM- and
PCR-negative in serum. Achieving BM samples from these individuals to analyse by
PCR would have been of great importance but wasn’t possible for ethical reasons.
Additionally three individuals who were B19 IgG-seronegative were used as controls
for assay specificity.

The ELISpot technique was used to analyze T-cell responses ex vivo to stimulation by
several antigens of B19 virus. First, 210 peptides consisting of sequences with 15-20
amino acids were synthesized. The peptides overlapped by 10 amino acids and covered
about 92% of the entire translated proteins of the B19 genome such as NS1, VP1 and
VP2. Peptides were then mixed in diverse pools, each pool covering a sequence of
about 60-65 amino acids. PBMC were separated from blood by Ficoll-Paque and
assayed within 8 hours after venesection. A more extended delay would have the cells’
functionality. Triplicates of 2x10° PBMCs from each individual were incubated with
different pools of peptides, and T-cell responses were measured as IFNy production
expressed by the number of spot-forming cells (SFC) per million PBMC counted in a
stereomicroscope. At the same time, SFC in wells with non-stimulated cells was
counted, and the values subtracted from results of cells exposed to antigen to eliminate
non-specific IFNy production from the final results.

The baseline for a positive response was defined by values exceeding two standard
deviations given by values of SFC in all wells of a 96-well plate (Millipore) in an
experiment with samples from one patient. Negative controls were excluded as well as
the three highest and three lowest to rule out outliers. The cut-off line for a positive
response was defined by values exceeding baseline with 20 SFC. This value was
chosen on the basis of previous results in healthy individuals and acutely infected
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patients and was coherent to reproducible results in new experiments and when pools of
peptides were spliced in separate wells for each peptide. The choice of a model with an
accurately defined cut-off level was crucial in this study. An alternative choice would
have been responses in negative controls, but after careful evaluation of relevant
previous studies the present model was chosen.

The results revealed T-cell responses in 24 of 196 NS1 pools from healthy seropositive
individuals (14 pools x 14 subjects = 196) representing 12 of 14 pools and 8 of 14
individuals who reacted to 1-4 pools each. Comparably, the same subjects were positive
in 5 of 126 VP pools (9 pools x 14 subjects = 126) representing responses to 4 of 9
pools in three individuals reacting to 1-2 pools each. When the relative numbers of
pools with positive responses were compared, a difference was registered, showing a
more common reaction to NS peptides than to VP peptides in healthy seropositive
individuals. The opposite was found when T-cell responses were analysed in
persistently infected individuals. Positive results were obtained in 9 of 126 pools (14
pools x 9 subjects = 126) with NS peptides and in 14 of 81 pools with VP peptides (9
pools x 9 subjects = 81). Consequently, the T-cell response was relatively more
common against VP peptides than NS peptides in these individuals with persistent B19
infection. When comparing healthy seropositive individuals with persistently infected
patients, a significantly higher relative number of T-cell responses against VP peptides,
but not against NS1 peptides, were shown in the persistently infected individuals.
However, the mean level of specific IFNy responses to NS1 peptides, but not to VP
peptides, was significantly higher in healthy seropositive individuals.

Therefore, the T-cell response in persistently B19 infected individuals seems to be
skewed towards VP antigens compared to that in seropositive healthy individuals.
When mean levels of B19 IgG were studied, a significantly higher value

(97 IU/ ml, p=0.011) was achieved in the nine B19 infected individuals than in the 14
healthy seropositive controls (61 IU/ ml). One interpretation of these results could be
that an NS1 response is crucial for viral clearance, and when it fails, the virus
continuously stimulates and enhances the humoral VP response. In individuals whose
HLA types differ from one another, different antigens may be exposed and yield
variable immune responses, but no such variation between the groups was noted that
would indicate HLA related non-responsiveness as an explanation for the results.
Furthermore, all study subjects responded to challenge with the control substance,
phytohemagglutinin, excluding general intrinsic IFNy deficiency. An alternative
explanation to the T-cell responses obtained could be that some unknown mechanism
of persistence causes secondary exhaustion of the T-cell response to NS1 protein. That
interpretation is contradictory to the point that responses to VP peptides remained
unaffected. Obviously, the mechanisms of viral clearance or persistence are far more
complicated than we have been able to investigate in this study. For example, six of 14
healthy seropositive individuals did not respond to NS peptides at all, and 11 of 14 did
not react to any of the VP peptide pools. Explanations for this result might be deficient
viability of the PBMC:s used here or another technical difficulty. Viral persistence in
BM of the 14 healthy seropositive individuals could not be excluded, since samples
from their BM were not available, but that explanation is less probable, since our
previous studies have shown low frequencies of B19 DNA in BM from a of
haematology patients (Paper 2) and healthy BM donors (Heegaard et al. 2002).
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5 CONCLUSIONS AND FUTURE POSSIBILITIES

We have studied persistent infection of parvovirus B19 in human BM and tried to
determine (1) if it is related to the normal course of B19 infection, (2) if it is of clinical
significance and (3) if there is immunological explanations for persistence. Since
arthralgia and arthritis are well-established manifestations of B19 infection, our
noteworthy discovery is the significantly higher frequency of B19 DNA in patients
with rheumatologic diseases than among patients with haematological diseases.
Additionally, for several years, we have followed patients with persistent B19 infection
in BM and described their symptomatology. In some of them, according to clinical
parameters, B19 infection has been obvious; in others, the simple coexistence of this
infection and chronic disease has challenged us to confirm or reject the hypothesis of an
etiological connection between them.

We also have tried to explain why virus persists in some individuals and not in others,
which could be of interest regardless of clinical consequences. We have not been able
to refute our hypothesis that chronic B19 infection may be related to a specific
immunologic reaction related to B19 rather than general immune deficiency.

The variability in clinical manifestations of parvovirus B19 infection is well established
and, probably, the individual pattern of immune reaction is the cause of diversity in
presentation of related diseases and disposition of chronic infection. With these ideas in
mind and with the knowledge of the high seroprevalence of B19 virus in the
population, undoubtedly small proportions of chronic infection and aberrant clinical
presentation may lead to large total numbers of affected individuals. We don’t know if
findings of B19 DNA in BM are seldom, sometimes or always related to clinical
symptoms. To advance in these efforts, we need better clinical methods and further
studies. Initially, we have used a qualitative PCR technique, but the development of
quantitative methods will make it possible to investigate if clinical significance is
related to viral load. Ongoing studies are also needed to assess the proportion of
persistent B19 infection in larger samples from patients with various diseases.
Traditionally, the presence of virus has been investigated to diagnose the cause of
dysfunction in affected organs. However, if the immune reaction to an infection
underlies the pathogenesis of such diseases, the causative virus may be situated
elsewhere, e.g., in the BM or lymphatic system, and from that location stimulate
autoimmune manifestations. Perhaps, therefore, it might be more relevant to detect B19
DNA in BM of arthritic patients than to analyze their synovial fluid.

Since B19 also may persist in healthy individuals we need indirect methods other than
DNA-detection to prove a relationship between virus and disease. Classically, IgM
serology has been used to diagnose disease, but in our patients, B19 specific IgM
usually was negative. Immunohistochemistry may be used to demonstrate B19 affected
cells in specific organs and, hopefully, this method can be further developed.
Ultimately, the immune system is the never-ending story that is decisive for our
understanding of infectious diseases. Added to its importance in defence against and
modulation of clinical manifestations, expanded knowledge of immune reactions in
infectious diseases, including B19, may help us to get closer to accurate diagnosis and
treatment as well as to establish if a positive PCR is truly relevant.
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6 PARVOVIRUS B19 - INTE BARA FEMTE SJUKAN

Parvovirus B19 (B19) dr ett av vara vanligare virus och mer dn 80 % av befolkningen
smittas nagon gang i livet, vanligen i skoldldern. Den typiska symtombilden ar
barnsjukdomen ”femte sjukan” som kénnetecknas av hudutslag i ansikte och efterhand
pé armar och ben. Hudutslagen foregas ofta av léttare feber och initiala luftvigssymtom
dven om manga som smittas forblir symtomfria. I vuxen alder kan symtomen te sig
annorlunda och framforallt hos kvinnor &r ledbesvir vanligt. Ledbesviren kan ibland
bli langvariga och ge misstanke om reumatisk sjukdom varfor det kan vara vardefullt
att stdlla diagnos. Misstanke om reumatism r ju oroande for patienten men vid B19-
infektion dr ledbesvéren oftast 6vergéende. Hos individer med nedsatt immunforsvar,
t ex HIV-patienter eller transplanterade kan infektionen bli mera allvarlig och orsaka
exempelvis svar blodbrist eller hjartmuskelinflammation. Om man smittas for forsta
gangen nir man &r gravid finns en 6kad risk for allvarlig paverkan pa fostret och
missfall, dven sent i graviditeten.

I borjan av nittiotalet hade jag en patient som utreddes pga flera ménaders besvir av
virk, trétthet och feber. Blodproverna visade pa en stérd funktion i benmérgen med lagt
antal vita blodkroppar och blodbrist. I samband med benmérgsprovtagning skickades
ett prov for DNA-analys géllande B19 och provet visade sig vara positivt. Vi stilldes
infor fragan om fyndet var uttryck for sjukdom eller enbart forekomst av virus-DNA
utan praktisk betydelse. Vi vet sedan tidigare att t ex herpesvirus av olika slag
harbéargeras livslangt i kroppen efter smitta och att de ibland ger fornyad infektion pa
olika sitt. Exempelvis kan man fa béltros niar man blir dldre av det vattenkoppsvirus
man smittades av som barn. Andra virus t ex influensa ger en akut infektion men
viruset elimineras sedan fran kroppen av immunforsvaret. Nér det giller B19 har vi
tidigare haft bristfallig kinnedom om virusets naturliga forlopp hos ménniska och
fyndet av B19 hos denna forsta patient blev borjan till min forskning.

Initialt borjade vi anvinda DNA-diagnostik av benmérg som en del i utredningen av
patienter med kroniska symtom med oklar men missténkt infektios orsak. Symtomen
innefattade ofta langvarig trétthet, oklar feber och vérk. I avhandlingens forsta arbete
beskrivs symtom och laboratoriefynd hos fem patienter som hade DNA frén B19 i
benmargsprov.

For att viardera hur vanligt det var med forekomst av B19 i benmirg i allménhet
undersdkte vi benmirgsprover fran 100 patienter pa en avdelning for blodsjukdomar.
Eftersom benmérgsprovtagning kan vara smartsamt passade vi pa att ta prov for analys
pa patienter som dnda skulle genomgé denna undersdkning av medicinska skil. Av 100
undersoka patienter hade fyra av dem DNA fran B19 i benmérgen som tecken pa
kvarvarande infektion medan 58 av 98 undersokta (59%) hade antikroppar som visade
att de nigon géng smittats av viruset. Vi kunde da dra slutsatsen att kvarvarande DNA
fran viruset inte dr allmént forekommande hos patienter som en géng i livet har smittats
och att det ter sig som att en relativt begriansad andel av befolkningen blir kroniskt
infekterad.
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Som ndmnts dr ledbesvér ett vanligt fenomen om man smittas i vuxen alder och i
enstaka fall kan sjukdomsbilden likna ledgangsreumatism. Nar det géller
reumatologiska sjukdomar i allménhet har det funnits teorier om att olika infektioner
skulle kunna vara utlgsande faktor for den dveraktivitet i immunforsvaret som
ledsjukdomar kan vara uttryck for. Det var dérfor av intresse att undersdka forekomsten
av B19 hos denna patientgrupp. Vi analyserade benméargsprover fran 50 patienter med
olika reumatiska sjukdomar och kunde konstatera att forekomsten av DNA fran B19
var betydligt storre &n hos patienterna med blodsjukdomar. Av 50 patienter hade 13
B19-DNA i benmaérgen (26 %), att jamfora med 4% hos patienterna med blodsjukdom.
Skillnaden &r av intresse antyder ett samband mellan B19 och reumatologisk sjukdom.
Orsakssamband &r daremot svart att faststilla men resultaten motiverar fortsatta studier.

Eftersom alla som smittas uppenbarligen inte blir kroniska bérare av viruset har vi
ocksa intresserat oss for det immunologiska reaktionsmdonstret hos patienter med
kronisk virusforekomst. Vi har kunnat konstatera att patienter med kroniskt bérarskap
av B19 vanligen inte har ndgon allméin nedsittning av immunforsvarets funktion vilket
diskuteras i arbete IV. Var hypotes ar i stéllet att de generellt sett har ett normalt
immunforsvar som dock har en liten lucka nér det géller att forsvara sig mot B19. Den
kroniska overlevnaden av viruset kan sedan leda till en kronisk stimulering av
immunforsvaret vilket skulle kunna vara orsaken till langvariga symtom. En viktig
faktor som paverkar symtomen vid alla infektioner &r immunforsvarets egen aktivitet.
Vi har ocksa kunnat se att immunforsvarets specifika reaktion mot B19 skiljer sig ndgot
fran den hos friska vilket stoder var hypotes. Bakgrunden till den individuella
variationen i reaktionsmédnstret mot B19 skulle kunna ligga pé ett genetiskt plan och
vara relaterat till arftlig bendgenhet vilket aterstar att undersoka.

Fortséttningsvis hoppas vi att tydligare kunna vérdera om férekomst av virus har
betydelse for olika sjukdomar eller inte och i sa fall undersdka nyttan av behandling.
Sedan tidigare vet vi att patienter med nedsatt immunforsvar och svér infektion med
B19 kan behandlas med gammaglobulin och i framtiden kommer sannolikt ocksa ett
vaccin bli tillgdngligt.

Sammanfattningsvis dr B19 ett av vara vanligaste virus som ocksa uppvisar en stor
variation i hur det yttrar sig hos olika personer. Att en del individer tycks vara bendgna
till kronisk infektion dr av intresse eftersom kronisk virusforekomst skulle kunna vara
orsaken till kronisk immunstimulering och ddarmed ocksé kroniska symtom.
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The clinical relevance of parvovirus B19 DNA persistence in bone marrow was ex din 10 i petent individuals
undergoing examinations for unexplained fever, arthralgia or chronic leukopenia. Common causes of these symptoms had been
ruled out and bone marrow aspiration was indicated at this stage of investigation. In addition to morphological analysis of
the bone marrow, a test for B19 DNA was performed with 2 nested PCRs. Five of these 10 selected patients had detectable
B19 DNA in their bone marrow, whereas no viraemia was observed. Additional bone marrow samples were collected at least
6 months after the first sample from the B19 DNA-positive patients, of whom 3 were found to be still positive. Indeed, 2 of
the patients have been positive for more than 5 y of follow-up. Sera from all patients with persistent B19 DNA in bone
marrow could neutralize the virus. One patient responded to treatment with immunoglobulin but later relapsed. No other cause

of the symptoms was found, despite extensive investigations, and at least some of the prol 1 di ifestations may
be due to parvovirus B19.
K. Broliden, MD, PhD, Division of Clinical Virology, F68, Karoli , Huddi University Hospital, SE-141 86

Huddinge, Sweden

INTRODUCTION

Human parvovirus B19 can cause a common childhood
disease with exanthema and fever, known as erythema
infectiosum (fifth disease); polyarthritis or arthralgia,
which in rare cases can persist for years; and transient
aplastic crises in patients with underlying haemolytic dis-
orders; while vertical transmission can cause hydrops
foetalis and foetal death (1).

The primary site of B19 replication is erythroid precur-
sor cells, and B19 DNA can be found in the bone mar-
row with or without viraemia. The virus is usually
cleared from the bone marrow within a few months after
primary infection. Signs of bone marrow failure in con-
nection with persistent B19 infection have been reported
in various groups of immunocompromised patients, usu-
ally leading to severe chronic anaemia (2-6). Cases of
immunocompetent patients with chronic B19 infection
and bone marrow dysfunction have also been reported,
including single cases of recurrent, granulocytic aplasia
(7), pure red cell anaemia (8), and a picture mimicking
the myelodysplastic syndrome (9). However, persistent
B19 infections without anaemia have also been seen in a
few immunocompetent individuals (7, 10). The prevalence
of chronic, subclinical infections is not known. In the
present study we retrospectively summarized the clinical
and laboratory findings in patients with persistent B19
DNA in bone marrow.

© 1999 Scandinavian University Press. ISSN 0036-5548

MATERIAL AND METHODS

Study groups

This retrospective study summarizes 10 patients who had been
tested for the presence of parvovirus B19 DNA in bone marrow
during the years 1993-98. Follow-up samples were also available
from some of the B19 DNA positive patients. All patients had
been referred to the Department of Infectious Diseases at Bords
Hospital, Bords, Sweden, on account of unclear symptoms with
suspected infectious etiology. The median age of the patients, all
women, was 43 y (range 25-75 y).

Immunoglobulin preparations

Three patients with persistence of B19 were given immunoglobu-
lins in order to clear the infection. Gammonativ (Pharmacia &
Upjohn, Stockholm, Sweden) was used for intravenous adminis-
tration, Gammanorm (Pharmacia & Upjohn) for subcutaneous
infusion (11).

PCR

Serum and bone-marrow samples were tested in 2 different nested
PCRs, representing the structural (VP) and the non-structural
(NS) proteins of the B19 virus, as described previously (12).
Briefly, in each PCR, the result was considered positive if at least
2 out of 3 separate amplifications gave identical results and all
controls were correctly positive or negative. At least 1 of the 2
PCRs (VP/NS) was required for positivity of the patient. Both
serum and bone-marrow samples were analysed after heat treat-
ment at 94°C for 10 min, followed by centrifugation at 12,000
rpm for 5 min. The following primers were used:

VP-PCR. First amplification: nucleotide 2955-2974, 5-GGA
CTG TAG CAG ATG AAG AG-3 and reverse primer 3364
3349, 5-TAT GGG ACT GAT GGT G-3'. The nested round:
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nucleotide 3002-3020, 5-GGG TTT CAA GCA CAA GTA G-
3" and reverse primer 3291-3272, 5'-CCT TAT AAT GGT GCT
CTG GG-3'.

NS-PCR. First amplification: nucleotide 1355-1374; 5-GGC
AGC ATG TGT TAA GTG G-3' and reverse primer 1723-
1703, 5-CAG TTG TTG TAG TGT TCC C-3. The nested
round: nucleotide 1399-1422; 5-AAT ACA CTG TGG TTT
TAT GGG CCG-3" and reverse primer 1682-1659, 5-CCA TTG
CTG GTT ATA ACC ACA GGT-3'.

The PCRs specific for CMV, EBV and HHV-6 DNA have
been described elsewhere (13).

Serological assays

Specific B19 IgG in serum was detected using an EIA (DAKO,
Glostrup, Denmark), and IgG titration was performed using an-
other EIA (Eurodiagnostica, Malmo, Sweden). In our hands in
the latter EIA, 5% of normal individuals (n =120, ages 10-86 y)
have a titer higher than 1,000. B19 IgM in serum was analysed
in an indirect immunofluorescence assay (IFA) (Biotrin, Dublin,
Ireland) and in an EIA (DAKO, Glostrup, Denmark).

The EIA methods for IgG avidity and epitope type specificity
(ETS) have been described elsewhere (14, 15). ETS ratio > 5 and
avidity score > 25, respectively, indicates past infection (>6
months ago).

Neutralizing antibodies were analysed in serum by a recently
described method (16). Briefly, a megakaryocytic cell line (UT-7)
was grown in 2 units/ml Epo (erythropoetin), which renders the
cells mildly permissive for B19 infection. Dilutions of serum
samples (1:200, 1:500, 1:1000) were added to 3 x 10¢ UT-7/Epo
cells in a 1 ml culture volume. Viremic serum (Campbell A
stock) was then added at a 1:25.000 final volume. The cells were
harvested after 36 h of culture in 37°C. Total RNA was col-
lected using a commercially available kit (Promega). RT-PCR
was then performed to detect spliced viral transcript. A beta-
actin transcript was used as a control. Serum with previously
defined B19 neutralizing titers was included in each test; random
donors will usually neutralize BI19 at a dilution of 1:200 to
1:1000.

Table 1. Treatment schedule and laboratory parameters for case 1

RESULTS

Parvovirus B19 DNA in patients with fever, arthralgia or
leukopenia

A total of 10 patients were tested for BI9 DNA in serum
and bone marrow for diagnostic purposes. They suffered
from various symptoms, including prolonged fever,
arthralgia and/or leukopenia. Routine clinical and labora-
tory examinations, including B19 serology, had failed to
explain the etiology of their symptoms and therefore
bone marrow examinations were indicated. In addition to
morphological studies of the bone marrow (which failed
to give a diagnosis), BI9 DNA was analysed by PCR; 5
of the 10 patients were positive. B19 DNA was also
analysed in corresponding serum samples but no viraemia
could be demonstrated in any of the 10 patients. No
other cause of the symptoms was found. In follow-up
studies, after at least 6 months, bone marrow samples
from 3 of these 5 patients were still B19 DNA positive,
whereas 2 were B19 DNA negative. Indeed, B19 DNA
could still be detected more than 5 y after onset of symp-
toms in cases 1 and 2 (Tables I and II, respectively). In
view of the persistent symptoms and B19 DNA as the
only finding during the investigation, they were treated
with immunoglobulin preparations. Their laboratory find-
ings and treatment schedules are given in Tables I-III,
respectively.

The patients with persistent B19 DNA findings were
PCR negative for EBV, CMV and HHV-6 DNA and
their serological responses to these viruses were unexcep-
tional (data not shown). All of them were HIV-antibody
negative. None of them had a history of repeated severe
bacterial or viral infections.

Months after onset of symptoms

Treatment 6 14 19 30 40 52 63
Immunoglobulin, i.v. (month) 227) %(32) 4(36)
Immunoglobulin, s.c. (month) 4(43-50)
B19-specific parameters
DNA by PCR in bone marrow pos pos pos pos pos
DNA by PCR in serum neg neg neg neg neg
S-1gM pos neg neg neg neg neg
S-1gG (titre) >1000 >1000 >1000 >1000 > 1000 >1000
S-ETS 4 4 9 13
S-Avidity 28 24 45 53
S-Neutralization (titre) >1000 500

4 Immunoglobulin, i.v. (400 mg/kg) administered for 1, 3 and 5 d, respectively; immunoglobulin s.c. (85 mg/kg) administered twice a month

during the indicated time. pos: positive; neg: negative; S: serum
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Table II. Treatment schedule and laboratory parameters for case 2

Months after onset of symptoms

Treatment 8 19 23 35 45 48 57 62
Immunoglobulin, i.v. (month) a21) 426)
Immunoglobulin, s.c. (month) 4(37-44)
B-19 specific parameters
DNA by PCR in bone marrow pos pos pos neg neg pos
DNA by PCR in serum neg neg neg neg neg neg
S-IgM pos/neg neg neg neg neg neg neg neg
S-1gG (titre) 450 600 500 700 650 500 500 650
S-ETS 21 18 6 23
S-Avidity nd 57 56 52
S-Neutralization (titre) 200 > 1000

4 Immunoglobulin, i.v. (400 mg/kg) administered for 1 and 3 d respectively; immunoglobulin s.c. (100 mg/kg) administered twice a month
during the indicated time. pos: positive; neg: negative; pos/neg: positive in an EIA, negative in an IFA; S: serum; nd: not done

Case 1. A 36-y-old female working at a day-care centre was
previously healthy, apart from periods of irritable colon.
She was admitted to our clinic after 6 months of recurrent,
long-lasting periods of fever, fatigue, myalgia and symmet-
ric arthralgia located mainly in the wrists. An outbreak of
erythema infectiosum at her day-care centre was noted the
same year as the onset of clinical symptoms. Physical
examination and blood chemistry at presentation were nor-
mal, except for a leukopenia (1.9 x 10°/1), with a normal
differential count, and a mild anaemia (haemoglobin 112
g/l). Bone marrow examination revealed megaloblastoid
erythropoesis. B19 IgM was only present in the first serum
sample, whereas B19 IgG was constantly high in that
sample and during follow-up (Table I). Increasing B19
avidity and ETS ratio indicated that primary infection had
taken place at least some months before the study started.
Sera from months 30 and 52 were able to neutralize B19
virus. However, the possibility that the rises in ETS and
avidity, as well as the presence of neutralizing activity, were
due to the immunoglobulin given (as described below)
cannot be ruled out. The presence of B19 DNA was
demonstrated by PCR in all bone marrow samples, but
never in the serum samples.

The symptoms and the leukopenia of the patient per-
sisted and immunoglobulin treatment was initiated at
month 27 (Table I). At the end of the study the symptoms,
except the fever, and the leukopenia persisted.

Case 2. A 43-y-old female working at a day-care centre fell
ill with upper respiratory-tract symptoms, cough and high
fever (month 0). She was treated with phenoximethyl-peni-
cillin and the airway symptoms disappeared, whereas the
fever (about 38°C) and fatigue persisted. She had had
symptoms of irritable colon for several years but otherwise
had been healthy. Repeated analyses of blood chemistry
during the study period were normal. An extensive investi-
gation was performed without reaching a diagnosis. A
serum sample 8 months after onset of symptoms was B19

PCR negative, whereas B19 IgM was positive in 1 test
(ETA) and negative in another (IFA) (Table II). The B19
IgG titre and ETS were high, indicating past immunity.
Sera from month 8 and 19 were able to neutralize the B19
virus (prior to immunoglobulin treatment). One year later,
the bone marrow was found B19 DNA positive.

Treatment was initiated in an attempt to clear the infec-
tion at month 21 (Table II). The patient temporarily experi-
enced an effect of treatment, with months of normal
temperature and asymptomatic periods. Interestingly, after
the last therapy session the bone marrow samples were B19
DNA negative (at months 45 and 48). However, at month
62 the bone marrow was again B19 DNA positive and the
fever and chronic fatigue had reappeared.

Case 3. A 44-y-old female working at a day-care center had
been suffering from unspecified motor and sensory neu-
ropathy since childhood when she was admitted to the
clinic (month 0). She also had, for 20 y, had chronic
arthralgia in a number of joints, facial erythema and recur-
rent erythema nodosum. At the beginning of the study,
high titres of rheumatoid factor and antinuclear antibodies
were found, as well as circulating immune complexes. The
erythrocyte-sedimentation rate was between 20 and 40 dur-
ing the study period. She was eventually diagnosed with
Sjogren’s syndrome at the end of our study.

Serum samples were available from months 0, 9, 16 and
18, showing high B19 IgG titres, negative B19 IgM and
negative B19 DNA by PCR (Table III). B19 DNA was
detected in all of the 4 consecutive bone-marrow samples.
Morphological bone-marrow examinations showed normal
results, except for signs of iron deficiency, which was
judged to be menstrually related. The patient was treated
with immunoglobulin, starting at month 2, in an attempt to
clear the virus. No alteration in her clinical status has,
however, been noted.

Cases 4—10. Cases 4-10 represented women aged 25-75 y
(median 35 y). They were all B19 IgG positive, B19 IgM
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negative and B19 DNA negative in serum. Case 4 had fever
and arthralgia for 2 months and was B19 DNA positive in
bone marrow. A follow-up sample 7 months later was B19
DNA negative. Case 5 had fever and fatigue for 10 months
when B19 DNA in bone marrow was positive. A follow-up
sample 11 months later was negative and she was asymp-
tomatic at that time. Cases 6-10 were all B19 DNA
negative in bone marrow and suffered from fatigue,
leukopenia, fever, exanthema (case 6), chronic leukopenia
for many years (case 7), unexplained fever and anemia (case
8), prolonged arthralgia (case 9), and recurrent fever and
myalgia for 3 y (case 10), respectively.

DISCUSSION

An acute B19 infection is characterized by B19 viraemia and
B19 IgM followed by B19 IgG seroconversion. The viraemia
and IgM response are usually cleared within a few weeks or
months (17). In a few cases, B19 DNA can persist in bone
marrow cells and synovial membranes even without vi-
raemia (18, 19). In 1 study, the prevalence of B19 PCR
positivity in bone marrow of healthy individuals was found
to be 9% (20). Comparisons are complicated by the different
sensitivities of PCR assays, but in our hands about 10% of
children receiving chemotherapy for various malignancies
(12) and 4% of unselected adult patients investigated at a
haematology clinic have been found to be B19-PCR positive
in bone marrow (21). The rate of infection in otherwise
healthy adults is probably lower than in children on account
of immunocompetence and a higher degree of immunity.
These figures are of interest in relation to the present study
group, which was highly selected. All patients included in
this retrospective study were women who were investigated
for an infectious aetiology of their varying symptoms. B19
DNA was found by PCR in bone marrow from 5 of the 10
patients. Three of these patients had a persistent infection
and their first and last B19 isolates have recently been
sequenced (unpublished results). Interestingly, the persis-

Table II1. Treatment schedule and laboratory parameters for case 3

tently infected patients all worked in day-care centres, where
B19 infections are known to be common. Frequent exposure
to the virus might lead to a higher risk of chronic infection.
The shedding of right titres of virus in small children with
primary B19 infection together with close physical contact
could result in exposure to high viral doses for people
working in day-care centres, and thereby possibly further
increase the risk of chronic infection. Chronically infected
patients have been noted to produce IgG antibodies without
the ability to neutralize the virus (22). However, our chron-
ically Bl9-infected patients had B19-specific neutralising
antibodies and were apparently immunocompetent.

B19 DNA, demonstrable by PCR in bone marrow and/
or serum, can be found in both the presence and the
absence of B19 IgG and B19 IgM (7, 10, 23, 24). All of the
B19 DNA positive patients in the present study already had
B19 IgG antibodies in normal or high titres at presentation.
Cases | and 2 also had B19 IgM antibodies in the first of
several, consecutive, serum samples. The sera were tested
for epitope type-specific antibodies and avidity (14, 15) and
were found to be equivocal for case 1 and to exclude acute
or recent (within 2—3 months) infection for case 2. The
source and date of primary infection for case 3 are not
known and ETS and avidity results indicated past infection
(> 6 months ago).

A wide variety of clinical symptoms have been associated
with B19 infections, including neurological (25-27) and
rheumatological manifestations (28). Our patients with per-
sistence of B19 DNA in bone marrow suffered from vari-
ous symptoms, not classical for parvovirus B19, even if
fever, fatigue, arthralgia, leukopenia and anaemia as seen
in case 1 are well-known manifestations of B19 infection.
Case 2 presented with upper respiratory-tract symptoms
and fever and has during the study fulfilled the criteria for
the chronic fatigue syndrome. Chronic fatigue has been
described in association with persistent B19 infections in 2
patients (29). Clinically, the defined syndrome resembles an

Month*
Treatment 0 2 4 9 16 18
Immunoglobulin, i.v. (month) b(2) *(3-9)
B19-specific parameters
DNA by PCR in bone marrow pos pos pos pos
DNA by PCr in serum neg neg neg neg
S-IgM neg neg neg neg
S-1gG (titre) >1000 >1000 >1000 >1000
S-ETS 7 7
S-Avidity 42 59
S-Neutralization (titre) 500 > 1000

“ Month 0: admitted to our clinic, symptomatic since many years

® Immunoglobulin, i.v. (400 mg/kg) administered for 5 days at month 2 and once per month during months 39, respectively. pos: positive;

neg: negative; S: serum
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infection and a wide range of possible etiological agents,
including viral, have been considered. The role of the B19
virus in chronic fatigue syndrome needs further investiga-
tion. Case 3 was eventually diagnosed with Sjogren’s syn-
drome. This syndrome is an autoimmune disease of
possible viral aetiology (30). Whether the finding of B19
DNA in her bone marrow was merely coincidental, or
the infection worsened her disease, is unclear. Treatment
with immunoglobulin often cures B19 infection in both
immunosuppressed and immunocompetent patients (31).
However, the effects of immunoglobulin treatment in our
chronically infected patients were only transient.

It cannot be proven that B19 is the cause of the symp-
toms in our cases, but the findings merit attention. Fu-
ture case reports and epidemiological studies in frequently
exposed populations may clarify the role of persistent
B19 infections in immunocompetent individuals.
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Patients with haematological disorders (n =100) were examined for prevalence of parvovirus B19 DNA in the bone marrow
and serum, irrespective of B19-related symptoms. B19 DNA was studied using 2 nested PCRs and the serum samples were
further analysed with B19-specific IgG, IgM and avidity as well as seroreactivity against linear and conformational epitopes
of the B19 VP2 antigen. The latter assays specify whether the IgG antibody response represents acute or past B19 infection.
B19 DNA was detected in 4 of the 100 bone marrow samples, whereas all the serum samples were B19 DNA negative. None
of the 4 B19 DNA positive patients had symptoms typical of B19 infection and serology showed past infection. Furthermore,
2 were still BI9 DNA positive in bone marrow more than 1 y after the first sample indicating virus persistence. The
seroprevalence for B19 IgG was 59% and 2 patients were B19 IgM positive. Thus, presence of B19 DNA in bone marrow
from patients with haematological disorders is not a general finding in seropositive patients. B19 DNA can persist in bone

marrow, but in our material this finding showed no clear correlation with symptomatic B19 infection.

K. Broliden, MD, Division of Clinical Virology, F68, Huddinge University Hosp

Huddinge, Sweden

INTRODUCTION

Parvovirus B19 was first associated with human disease in
1981, when it was connected with aplastic crisis in children
with haemolytic anaemia; later it was described to be the
aetiology of the common childhood disease erythema infec-
tiosum. Parvovirus B19 may also cause hydrops foetalis
and foetal death when non-immune pregnant women are
infected. The virus has been associated with several other
haematological disorders, e.g. chronic anaemia in congeni-
tal or acquired immunodeficiencies, as well as with
arthropathy of varying duration. The seroprevalence is
usually stated to be 60—-80% in adults (1).

B19 infections in haematologically healthy persons may
lead to transient anaemia and reticulocytopenia, as well as
to varying degrees of neutropenia (2, 3) and thrombocy-
topenia (4, 5). In experimental infection of normal human
volunteers, bone marrow samples have revealed an almost
total loss of erythroid precursors at all stages of develop-
ment with the appearance of giant pronormoblasts (6). B19
can infect human tissue and cell types expressing its cellular
receptor, the P-antigen (7). However, only erythroid pro-
genitor cells have been shown to be permissive for B19
replication. The tropism of the virus for these cells explains
why B19 DNA is readily detected in bone marrow samples.

Acute and persistent B19 infections have been diagnosed
by using B19 DNA-specific PCR in bone marrow and/or
serum samples. PCR is a useful complement to B19 serolo-
gy, especially in immunodeficient patients who might have
difficulties in mounting an adequate immune response to
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the infection. However, the relevance of a B19 DNA find-
ing in bone marrow in the absence of B19 DNA in serum
and/or B19 specific serology is not clear (8-10). This
question is especially relevant in patients with haematologi-
cal disorders, where B19 infection is an important differen-
tial diagnosis. In this study we therefore evaluated the
prevalence and clinical significance of B19 DNA in this
patient category.

MATERIALS AND METHODS

Study group

A total of 100 patients were enrolled in this prospective study
during the period October 1994 to April 1996 at the Hematology
Clinic, Department of Internal Medicine, Boras Hospital, Boras,
Sweden. The patients were diagnosed as follows (number of pa-
tients): acute lymphatic leukaemia (1); acute myeloic leukaemia
(17); chronic lymphoproliferative disease (23); chronic myeloprolif-
erative disease (15); plasma cell disease (13); anaemia (11); other
cytopenias (11); adenocarcinoma (3); other (6). Follow-up samples
were collected from some of the patients after this study period.
Bone marrow examinations were performed as a part of the
clinical investigation, either for diagnostic purposes or as a follow-
up after chemotherapy. These unselected samples were collected
irrespective of parvovirus-related symptoms. No parvovirus B19
epidemics had been noted by the virology laboratories in Sweden
during the study period (data not shown). The mean age in the
study group was 63 y (range 2088 y); 54 men and 46 women were
included.

Serology

B19 IgG in serum was detected using an EIA (Eurodiagnostica,
Malmo, Sweden) and B19 IgM using an indirect immunofluores-
cence test (IFA) (Biotrin International Ltd, Dublin, Ireland). B19
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IgM positive samples were also tested in an EIA (DAKO,
Glostrup, Denmark) with comparable results.

For improved timing of B19 infection, IgG reactivities with
conformational and linear VP2 epitopes (epitope-type specificity;
ETS) were measured, using native and denatured VP2 capsid
antigens (DAKO, Glostrup, Denmark) as described (11).

Measurement of IgG avidity further improves timing of recent
infections (12) and our method using the B19 VPI protein as
antigen has been described previously (13).

PCR

Serum and bone-marrow samples were tested in 2 different nested
PCRs, representing the structural (VP) and the non-structural (NS)
proteins of the B19 virus, as described previously (14). Briefly, in
each PCR, the result was considered positive if at least 2 out of 3
separate amplifications gave identical results and all controls were
correctly positive or negative. At least 1 of the 2 PCRs (VP/NS)
was required for positivity of the patient. Both serum and bone-
marrow samples were analysed after heat treatment at 94°C for 10
min, followed by centrifugation at 12,000 rpm for 5 min. The
following primers were used.

VP-PCR. First amplification: nucleotides  2955-2974, 5'-
GGA CTG TAG CAG ATG AAG AG-3' and reverse primer 3364
to 3349, 5-TAT GGG ACT GAT GGT G-3'. The nested round:
nucleotides 3002-3020, 5-GGG TTT CAA GCA CAA GTA G-3'
and reverse primer 3291-3272, 5-CCT TAT AAT GGT GCT-
CTG GG-3'.

NS-PCR. First amplification: nucleotides 1355-1374; 5'-
GGC AGC ATG TGT TAA GTG G-3' and reverse primer 1723—
1703, 5'-CAG TTG TTG TAG TGT TCC C-3’. The nested round:
nucleotides 1399-1422; 5'-AAT ACA CTG TGG TTT TAT GGG-
CCG-3' and reverse primer 1682-1659, 5-CCA TTG CTG GTT-
ATA ACC ACA GGT-3'.

RESULTS

B19 DNA was detected by PCR in 4 out of 100 bone
marrow samples. Of these 3 were positive in both the VP-
and NS-PCR and 1 was positive only in the NS-PCR. The
4 corresponding serum samples were all B19 IgG positive,
but B19 DNA and IgM negative. B19 IgG ETS and avidity
scores indicated past infection (> 6 months previously)
(Table I).

The B19 IgG seroprevalence was 58 out of 98 (59%) (2
serum samples were not available). Interestingly, only 1 of
9 patients with myeloma had B19 IgG whereas presence of
B19 IgG was distributed more equally in the other patient
categories.

B19 IgM was detected in 2 samples without B19 DNA in
either serum or bone marrow (Table I). These 2 patients
had polyclonal IgM elevation due to their haematological
disease. The samples were B19 IgM positive in both EIA
and IF assays. Case 1 was still B9 IgM positive in a serum
sample collected 19 months after the first serum sample.
The ETS and avidity results were borderline in case 1 and
pointed to acute ( < 6 months earlier) B19 infection in case
2.

Cases 1 and 2 were patients with B19 DNA negative
bone marrow and B19 IgM positive serum. Case 1 had
chronic lymphatic leukaemia and a history of long-lasting
periodic anaemia with reduced erythropoiesis not obviously
explained by the leukaemia. He also had periods of arthral-
gia. Case 2 had myelodysplastic syndrome but no clinical
signs compatible with B19 infection.

Table 1. Characterization of patients with positive B19 IgM or detectable B19 DNA by PCR

B19-specific serology

Bone marrow  Serum B19
Case Sex Age (y) Diagnosis B19 DNA DNA B19 IgG  BI19 IgM  ETS ratio  Avidity (%)
1 M 58 Chronic lymphatic Neg Neg Pos Pos 4 22
leukemia
Follow-up sample 19 nd Neg Pos Pos 6 30
months later
2 M 82 Myelodysplastic syndrome  Neg Neg Pos Pos 4 1
3 M 48 Myeloma Pos Neg Pos Neg 8 27
Follow-up sample 18 Pos Neg Pos Neg nd nd
months later:
4 M 47 Polycythemia Pos Neg Pos Neg 10 64
5 M 68 Unexplained anemia and Pos Neg Pos Neg 14 43
elevated sedimentation
rate
Follow-up sample 12 Pos Neg Pos Neg nd nd
months later
6 M 51 Acute lymphatic leukemia  Pos Neg Pos Neg 10 23
Follow-up sample 30 Neg Neg Pos Neg nd nd

months later

ETS >5 and avidity >25% indicate past infection (>6 months earlier); nd: not done.
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Cases 3—6 were patients with B19 DNA positive bone
marrow and B19 IgM negative serum.

Case 3 had had myeloma for many years and exanthema
and facial rash 1 y before inclusion. His bone marrow was
suppressed, but this could be explained by the myeloma
and the resultant chemotherapy. B19 DNA was detected
also in a bone-marrow sample 18 months later. He had
been treated for 1 y with high doses of intravenous im-
munoglobulin because of his myeloma. Case 4 had poly-
cythemia of unspecified type with unknown aetiology. He
had no skin or joint symptoms. Case 5 was examined
because of anaemia (haemoglobin count 103 g/l) and ele-
vated sedimentation rate (ESR 110). No aetiology was
found in spite of an extensive investigation. His laboratory
parameters normalised spontaneously in 3 months. Follow-
up PCR of B19 DNA in bone marrow after 12 months was
positive. Case 6 had acute lymphatic leukaemia and had
suffered for many years from morning stiffness in multiple
joints but had no rheumatological diagnosis. Rheumatoid
factor and antinuclear antibodies were negative and sedi-
mentation rate was normal. Follow-up analysis of BI19
DNA in bone marrow was negative 30 months after inclu-
sion in this study.

DISCUSSION

The prevalence of parvovirus B19 DNA was studied by
PCR in bone marrow and serum samples from patients
attending a haematological clinic. A total of 100 consecu-
tive patients were included, irrespective of parvovirus-re-
lated symptoms. B19 DNA was detected in bone marrow in
4 of the 100 patients, whereas all corresponding serum
samples were B19 DNA negative. Two patients were B19
IgM positive without detectable B19 DNA in either bone
marrow or serum. Both patients had an increased level of
polyclonal IgM, and thus a false positive IgM reactivity
cannot be excluded. Although a previous symptomatic B19
infection was possible in 3 of the 4 B19 DNA positive
cases, the persistence of B19 DNA was not associated with
any Bl9-related clinical signs or symptoms at the time of
bone marrow sampling, except for prolonged arthralgia in
1 case. Follow-up bone marrow samples were available
from 3 patients and 2 of those were still BI9 DNA positive
12 and 18 months later, respectively.

B19 virus has been implicated as a possible aetiological
agent for many haematological disorders (15-22). B19
DNA is normally cleared from serum shortly after acute
infection and the IgM response disappears as a rule within
a few months (23). Persistence of B19 DNA has been
described primarily in immunodeficient patients and can in
some cases be associated with a prolonged, symptomatic
B19 infection with or without presence of B19 IgG antibod-
ies (8, 15, 24). B19 DNA can also persist in presumably
healthy immunocompetent individuals in bone marrow (9)
or serum (25-27). Persistence of B19 DNA in bone marrow

in the absence of viraemia, as seen in our patients, has
previously been associated with complicated B19 infection
in other patient categories, such as chronic arthropathy in
adults or paediatric malignancies (10, 14). In a group of
patients with leukopenia, prolonged fever, fatigue or
arthropathy, we recently found B19 DNA persistence in
bone marrow, without viraemia, in 3 out of 10 cases. No
other cause of the symptoms was found in spite of extensive
investigation (28). However, in the present study group,
representing unselected adults with diverse haematological
disorders, we can not clearly associate persistent B19 DNA
findings in bone marrow with ongoing B19-associated dis-
ease. B19 DNA has been detected in the synovial mem-
branes of patients both with and without chronic
arthropathy (29) and in skin biopsies (30). B19 DNA may
also persist in macrophages and monocytes for a long time
after acute infection. It must, however, be pointed out that
PCR makes it possible to detect B19 genomes irrespective
of virus viability and also degraded DNA. Culture systems
for documentation of BI19 viability are not readily
available.

The seroprevalence in the study group, 59%, corresponds
with the expected figure in an adult population (1). How-
ever, the frequency may be falsely low because of low levels
of total IgG in a subset of the study group. This is
illustrated by the fact that only 1 of 9 patients with
myeloma was B19 IgG positive. Also other patients in our
study group may have difficulties in mounting a relevant
antibody response due to their immunosuppressive
chemotherapy or haematological disorder. These examples
illustrate the diagnostic difficulties with B19 serology in
patients with underlying disorders affecting the immune
system. DNA detection by PCR in serum and bone marrow
may thus be a valuable complement. If a B19 infection can
be diagnosed correctly in cases of, for example, unclear
anaemia in a patient with leukaemia, unnecessary cessation
of chemotherapy and expensive investigations can be
avoided. Furthermore, B19 infection can be treated in some
cases with immunoglobulin preparations. Immunoglobulin
is the only known treatment of chronic B19 infection but
has also been described as a possible mode for transmission
of the B19 virus (31). Many patients with haematological
disorders are also immunosuppressed and might be more
prone to develop a persistent B19 infection than are im-
munocompetent individuals, who usually clear their infec-
tion within a few weeks (23).

The present study thus showed that neither B19 DNA
positivity in bone marrow nor viraemia is a general finding
in this patient category. The 4 patients with B19 DNA in
bone marrow had no obvious B19-associated symptoms at
the time of bone marrow puncture. However, bone marrow
suppression caused by their haematological disorder might
be worsened by persistent B19 infection. Further studies are
needed to elucidate the mechanism of viral persistence in
patients with and without haematological disorders.
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Abstract

Background: Human parvovirus B19 (B19) polymerase chain reaction (PCR) is now a routine analysis and serves as a diagnostic marker as
well as a complement or alternative to B19 serology. The clinical significance of a positive B19 DNA finding is however dependent on the
type of tissue or body fluid analysed and of the immune status of the patient.

Objectives: To analyse the clinical significance of B19 DNA positivity in bone marrow samples from rheumatic patients.

Study design: Parvovirus B19 DNA was analysed in paired bone marrow and serum samples by nested PCR technique. Serum was also
analysed for B19-specific IgG and IgM antibodies and the results were compared with clinical and epidemiological data.

Results and conclusions: B19 1gG was found in 41 of 50 patients (82%) whereas none was B19 IgM positive. The serologic evaluation
showed that none of the patients had acute B19 infection. However, B19 DNA was detected by PCR in 13 of 50 (26%) bone marrow samples
from these patients indicating a high frequency of persistent infection compared with previous reports of patient groups and healthy controls.
In the study, 22 patients had rheumatoid arthritis (RA) and 7 of these RA patients were B19 DNA positive in bone marrow. Rheumatoid factor
was positive in 4 of the 7 B19 DNA positive RA patients as compared with Rheumatoid factor positivity in all of the 15 B19 DNA negative RA
patients. Erosive arthritis in X-ray was less common in the B19 DNA positive group than in the B19 DNA negative group. A high frequency of
parvovirus B19 DNA was thus detected in bone marrow samples in rheumatic patients. The clinical data does not support a direct association
between B19 PCR positivity and rheumatic disease manifestation. Therefore, the clinical significance of B19 DNA positivity in bone marrow
samples from rheumatic patients must be interpreted with caution.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Detection of human parvovirus B19 (B19) DNA as a di-
agnostic tool in various tissues has been evaluated in many
different clinical settings. These include analysis of B19 DNA
by polymerase chain reaction (PCR) in placental and fe-
tal tissues in intrauterine fetal deaths and in amniotic fluid
or cord blood in hydrops fetalis (Tolfvenstam et al., 2001;

Abbreviations: B19, parvovirus B19; PCR, polymerase chain reaction;
RA, rheumatoid arthritis
* Corresponding author. Tel.: +46 8 58587946; fax: +46 8 58587933.
E-mail address: kristina.broliden @karolinska.se (K. Broliden).
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Skjoldebrand-Sparre et al., 2000), in serum from bone mar-
row transplant recipients (Soderlund et al., 1997a), in heart
tissue samples from multiorgan donors to assess transplant
related complications (Mantke et al., 2004), and in my-
ocardial tissue in fatal myocarditis (Papadogiannakis et al.,
2002). While analysis of B19 DNA by PCR is a useful
routine diagnostic tool in certain clinical settings and spe-
cific tissue samples, it is also essential to evaluate in which
cases the finding of B19 DNA is not linked to disease. To
learn more about the relevance of B19 DNA findings, the
present study evaluates the frequency of B19 DNA posi-
tivity in bone marrow in patients attending a rheumatology
clinic.
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2. Materials and methods
2.1. Study group

Among all patients in the population (n=996) who had
visited the Department of Rheumatology at Sodra Alvsborg
Hospital, Boras, Sweden, between 1997 and 1999, 130 were
selected (randomly selected from a list of all patients sorted
by age) and were offered to participate in the study. A to-
tal of 50 of these accepted and were included and sampled
between October 1997 and December 2001. The reason for
not wanting to participate was usually because of the inva-
sivity of bone marrow sampling. The diagnosis of patients
in the study group (n=50) and population (n=996) respec-
tively, are presented in Table 1. In the study group, 45 of
50 (90%) patients were women compared with 798 of 996
(80%) in the population. The mean age was 54 (median 55,
range 33-79) and 57 (median 52, range 17-89) in the study
group and population, respectively. Diagnostic criteria for di-
agnosis when applicable were in accordance with American
College of Rheumatology (ACR).

2.2. Laboratory monitoring

Bone marrow puncture was performed in local anaesthesia
in the posterior superior iliac spine and at the same occasion
venous blood was drawn for routine analysis.

B19 viral DNA in serum and bone marrow samples was
detected using a nested PCR described previously (Broliden
etal., 1998), with the exception of the use of a modified outer
forward primer (GGC AGC ATG TGT TAA AGT GG). The
assay amplified a 284 bp fragment in the gene encoding the
B19 NS-1 protein. Both serum and bone marrow samples
were analysed after heat treatment at 94 °C for 10 min, fol-
lowed by centrifugation at 12,000 rpm for 10 min.

Table 1
Distribution of diagnoses in the study group as compared with all patients
attending the clinic during the study period

Diagnosis Study group Population
n % n %o
Patients with a defined systemic/rheumatic disease
RA 22 44 592 59
SLE 8 16 43 43
Sjogren’s disease 3 6 47 4.7
Wegener’s granulomatosis 1 2 4 0.4
Giant cell arthritis 1 2 15 1.4
MCTD 1 2 9 0.9
Patients with isolated arthralgias, myalgias and UCTD
Arthralgia 7 14 102 10.2
Myalgia 1 2 49 4.9
UCTD 6 12 25 25
Total number 50 100 996 100

RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; MCTD,
mixed connective tissue disease; UCTD, undefined connective tissue dis-
ease.

B19 IgG and IgM were analysed using an enzyme im-
munosorbent assay (Biotrin International Ltd., Dublin, Ire-
land).

2.3. Ethics

Informed consent was obtained from the study partici-
pants. Ethical permission for the study was obtained from
the Ethical Committees at the University of Gothenburg and
Karolinska Institutet, respectively.

2.4. Statistical analysis

The chi-square test was used for statistical analysis.

3. Results and discussion

B191gG serology was positive in41 of 50 (82%) randomly
selected patients from a Rheumatology Unit, whereas B19
IgM was negative in all samples. B19 DNA was positive in
13 of 50 (26%) bone marrow samples from the same patients
whereas all serum samples were B19 DNA negative. In the
subset of rheumatoid arthritis (RA) patients, B19 DNA was
positive in 7 of 22 patients (32%). Furthermore, B19 DNA
positivity was scored as follows for the different diagnosis:
1 of 8 (systemic lupus erythematosus), 1 of 4 (Sjogren’s dis-
ease), 0 of 1 (Wegener’s granulomatosis, giant cell arthritis,
mixed connective tissue disease and myalgia, respectively),
2 of 7 (arthralgia), and 2 of 6 (undefined connective tissue
disease).

In the study group no significant difference was demon-
strated between B19 DNA positive and B19 DNA negative
patients regarding hematology variables, autoantibodies, X-
ray findings and treatments (data not shown). Rheumatoid
factor was significantly less common in B19 DNA positive
RA patients than in B19 DNA negative RA patients: four
of seven B19 DNA positive RA patients were Rheumatoid
factor positive compared with 15 B19 DNA negative RA pa-
tients who were Rheumatoid factor positive (p =0.023). The
frequency of erosive arthritis as defined by X-ray was also
less common in B19 DNA positive RA patients but the dif-
ference was not significant (p =0.09) (Table 2). Radiological
findings with rheumatoid joint destruction were seen in 5 of
7 B19 DNA positive RA patients and in 15 of 15 B19 DNA

Table 2
Characteristics of the 22 RA patients related to the presence of B19 DNA in
bone marrow (ns: not significant)

Parameters in 22 RA patients B19 DNA p-Value
Positive Negative

Erosive arthritis in X-ray 5/7 15/15 0.09, ns

Rheumatoid factor 417 15/15 0.023

Anti-nuclear antibodies 2/5 2/12 ns

Steroids 57 8/15 ns

Cytostatics 3/7 9/15 ns
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negative RA patients. Steroid treatment was ongoing in 13
patients and cytostatics in 12 patients but no difference in
B19 DNA frequency was demonstrated in various treatment
groups or to treatment as such.

Infection of immunocompetent subjects with B19 was pre-
viously assumed to take a self-limited course followed by
clearance of the virus from the host, except in a few cases
where the virus persists for a longer time. In immunosup-
pressed individuals, B19 persistence is however a common
outcome following acute infection and B19 DNA can be
found in bone marrow samples for many years (reviewed in
Heegaard and Brown, 2002a) with our without symptomatic
anemia (LaMonte et al., 2004). B19 DNA has by now been
found in other locations, such as synovial tissue both in B19-
related arthritic patients and in healthy seropositive controls
in rather high frequencies (Soderlund et al., 1997b). B19
DNA in synovial tissue is thus not diagnostic for B19 in-
fection in patients with rheumatic disorders. We therefore
wanted to evaluate the significance of B19 DNA in bone
marrow samples in rheumatic patients since the bone marrow
harbor the predominant target cells for the virus, namely the
erythropoietic precursor cells. Bone marrow is therefore of
interest for studying viral persistence. In our present group
of 50 rheumatic subjects, none was B19 DNA positive in
serum. As a reference value, the frequency of B19 viremia
in voluntary blood donors has been estimated to range be-
tween 1/260 and 1/40000 (McOmish et al., 1993; Cohen et
al., 1990; Yoto et al., 1995). In contrast to the B19 DNA
negative serum samples, the detection of B19 DNA in bone
marrow samples from our patients was high (26%). This can
be compared with studies including healthy seropositive in-
dividuals (2%) (Heegaard et al., 2002b) and patients attend-
ing a hematology clinic (4%) (Lundqyvist et al., 1999). The
latter study was performed by us using the same sampling
technique under comparable conditions as the present but is,
however, a historical control. The average age of patients was
63 in the haematology study and 54 in the present group. The
female/male quotient was 46/54 in the first study and 45/5
in the present. The PCR methods used were mainly identical
but in the hematology study (showing 4% B19 DNA positiv-
ity) we used two PCR assays, which may underestimate the
prevalence in the present rheumatology group (showing 26%
B19 DNA positivity).

It is evident that laboratory tests detecting B19 DNA is
not enough to prove the viral etiology in different diseases
since viral DNA is also found in healthy seropositive controls.
However, a correlation between B19 DNA in bone marrow
and rheumatological disease cannot be excluded. The pos-
sibility of immune suppression by steroids or chemotherapy
resulting in deficient clearance of virus and making the pa-
tients susceptible to infection was considered as an expla-
nation to the B19 DNA persistence. However, no difference
in treatment regimens was seen between B19 DNA positive
and negative groups, respectively. There was no difference
in other clinical parameters and B19 prevalence in different
groups of diagnosis although the number of study subjects

did not allow statistical evaluation for all parameters. In the
subgroup of RA patients, however, presence of B19 DNA
in bone marrow was reversely correlated with presence of
rheumatoid factor. B19 infection shares with many other vi-
ral infections an ability to induce the production of autoanti-
bodies with and without organ specificity. This production is
usually short-lived and is not associated with chronic symp-
toms. For example, autoantibodies such as rheumatoid factor
may be positive after acute B19 infection and can mislead-
ingly suggest early RA. We also found that erosive arthritis in
X-ray was more common in B19 DNA negative RA patients
than in positive. The difference, however, was not significant
but might support previous reports describing definite B19
arthropathy as not erosive and perhaps a relation between
B19 and RA with a less severe prognosis (Moore, 2000).

Attribution of a case of a specific rheumatic disorder to
parvovirus B19 infection is difficult in the absence of sero-
logical confirmation of acute infection at onset. This is be-
coming even more apparent with the rapid development of
new molecular technologies leading to the discovery of new
viruses or previously defined viruses in new locations of the
human body. For each of these new discoveries, relevance
to disease and pathogenicity, persistence and the availability
of diagnostic tests needs to be assessed. Long-term persis-
tence of B19 DNA in locations such as peripheral blood,
bone marrow and synovial tissue has been found in both RA
and non-arthritic B19 seropositive individuals. Thus, the clin-
ical implications of B19 DNA-positivity for each sample type
(i.e. synovia, bone marrow, serum) must be settled.

Acknowledgements

The study was supported by grants from the Swedish Re-
search Council, the Swedish Children Cancer Foundation,
Department of Research and Development, Primary Health
Care Sodra Alvsborg, Sweden, the Tobias Foundation, the
European Commission (contract no. QLK2-CT-2001-00877)
and the Swedish Cancer Foundation.

References

Broliden K, Tolfvenstam T, Ohlsson S, Henter JI. Persistent B19
parvovirus infection in pediatric malignancies. Med Pediatr Oncol
1998;31:66-72.

Cohen BJ, Field AM, Gudnadottir S, Beard S, Barbara JA. Blood donor
screening for parvovirus B19. J Virol Methods 1990;30:233-8.

Heegaard ED, Brown KE. Human parvovirus B19. Clin Microbiol Rev
2002a;15:485-505.

Heegaard ED, Petersen BL, Heilmann CJ, Hornsleth A. Prevalence of
parvovirus B19 and parvovirus V9 DNA and antibodies in paired
bone marrow and serum samples from healthy individuals. J Clin
Microbiol 2002b;40:933-6.

LaMonte AC, Paul ME, Read JS, Frederick MM, Erdman DD, Han LL,
Anderson LJ, Women and Infants Transmission Study. Persistent par-
vovirus B19 infection without the development of chronic anemia in
HIV infected and uninfected children: the Women and Infants Trans-
mission Study. J Infect Dis 2004;189:847-51.



74 A. Lundgqvist et al. / Journal of Clinical Virology 33 (2005) 71-74

Lundqyvist A, Tolfvenstam T, Brytting M, Stolt CM, Hedman K, Broliden
K. Prevalence of parvovirus B19 DNA in bone marrow of patients
with haematological disorders. Scand J Infect Dis 1999;31:119-22.

Mantke OD, Nitsche A, Meyer R, Klingel K, Niedrig M. Analysing
myocardial tissue from explanted hearts of heart transplant recipients
and multi-organ donors for the presence of parvovirus B19 DNA. J
Clin Virol 2004;31:32-9.

McOmish F, Yap PL, Jordan A, Hart H, Cohen BJ, Simmonds P. De-
tection of parvovirus B19 in donated blood: a model system for
screening by polymerase chain reaction. J Clin Microbiol 1993;31:
323-8.

Moore TL. Parvovirus-associated arthritis. Curr Opin Rheumatol
2000;12:289-94.

Papadogiannakis N, Tolfvenstam T, Fischler B, Norbeck O, Broliden K.
Active, fulminant, lethal myocarditis associated with parvovirus B19
infection in an infant. Clin Infect Dis 2002;35:1027-31.

Skjoldebrand-Sparre L, Tolfvenstam T, Papadogiannakis N, Wahren,
Broliden K, Nyman M. Parvovirus B19 infection: association with
third-trimester intrauterine fetal death. BIOG 2000;107:476-80.

Soderlund M, Ruutu P, Asikainen K, Franssila R, Hedman K. Primary
and secondary infections by human parvovirus B19 following bone
marrow transplantation: characterisation by PCR and B-cell molecular
immunology. Scand J Infect Dis 1997a;29:129-35.

Soderlund M, von Essen R, Haapasaari J, Kiistala U, Kiviluoto O,
Hedman K. Persistence of parvovirus B19 DNA in synovial mem-
branes of young patients with and without chronic arthropathy. Lancet
1997b;349:1063-5.

Tolfvenstam T, Papadogiannakis N, Norbeck O, Petersson K, Broliden
K. Frequency of human parvovirus B19 infection in intrauterine fetal
death. Lancet 2001;357:1494-7.

Yoto Y, Kudoh T, Haseyama K, et al. Incidence of human parvovirus B19
DNA detection in blood donors. Br J Haematol 1995;91:1017-8.









Cytokine responses in acute and persistent human parvovirus B19 infection

Adiba Isa, " Anders Lundqvist, 2 Anna Lindblom,' Thomas Tolfvenstam,' and Kristina
Broliden'

! Department of Medicine, Infectious Disease Unit, Center for Molecular Medicine,
Karolinska Institutet, Karolinska University Hospital, Solna, Sweden

? Clinic of Infectious Diseases, Sodra Alvsborg Hospital, Borés, Sweden

Running title: Cytokine profile in Parvovirus B19 infection

Keyword: human parvovirus B19, acute infection, persistent infection, cytokine

*Corresponding author

Adiba Isa, Department of Medicine, Solna, Infectious Disease Unit, Center for Molecular
Medicine, CMM L8:03, Karolinska Institutet, Karolinska University Hospital, Solna,

SE-171 76 Stockholm, Sweden. Phone: +46-8-51 77 67 43, Fax: +46-8-313147,
adiba.isa@ki.se



Abstract

The aim of this study was to characterize the pro-inflammatory and Th1/Th2 cytokine
responses during acute parvovirus B19 (B19) infection and determine whether an imbalance
of the Th1/Th2 cytokine pattern is related to persistent B19 infection. Cytokines were
quantified by multiplex beads immunoassay in serum from B19 infected patients and controls.
The cytokine responses were correlated to B19 serology, quantitative B19 DNA levels and
clinical symptoms. In addition to a pro-inflammatory response, elevated levels of the Th1 type
of cytokines IL-2, IL-12 and IL-15 were evident at time of the initial peak of B19 viral load in
a few patients during acute infection. This pattern was seen in the absence of an IFNy
response. During follow-up (20-130 weeks post acute infection) some of these patients had a
sustained Th1 cytokine response. The Thl cytokine response correlated with the previously
identified sustained CD8" T cell response and viremia. A cross-sectional study on patients
with persistent B19 infection showed no apparent imbalance of their cytokine pattern except
for an elevated level of IFNy response. No general immunodeficiency was diagnosed as an
explanation for the viral persistence in this later group. Neither the acutely infected nor the
persistently infected patients demonstrated a Th2 cytokine response. In conclusion, the
acutely infected patients demonstrated a sustained Th1 cytokine response whereas the
persistently infected patients did not exhibit an apparent imbalance of their cytokine pattern
except for an elevated [FNy response.



Introduction

Parvovirus B19 (B19), a non-enveloped, single stranded DNA virus, is one of the smallest
viruses known to infect mammalian cells. The viral genome (5kbp) encodes for three major
proteins, the non-structural protein 1 (NS1) and the viral capsid proteins (VP1 and VP2). B19
is associated with a variety of clinical manifestations. The infection can be asymptomatic, or
give a mild febrile illness (erythema infectiosum), associated with transient anaemia,
exanthema and arthralgia. The clinical manifestations can also be more severe like cytopenia
in immunocompromised individuals, and hydrops fetalis or intrauterine fetal death in pregnant
women. B19 is classified as a lytic non-persistent virus that is normally transmitted through
the respiratory route [1].

Until recently, it has thus been believed that B19 was cleared from the blood circulation
shortly after production of neutralising antibodies, a few weeks to months post acute
infection. However, by introducing a highly sensitive B19 DNA PCR quantitative assay, we
have previously shown that viral clearance is much slower than earlier believed and viral
DNA can be detected in peripheral blood of infected individuals more than two years post
acute infection [2]. Interestingly, a sustained, activated and mature antigen-specific CD8"T
cell response accompanies this viremia and is also present in the circulation more than two
years post primary infection [3, 4]. Thus, the classification of B19 as a rapidly clearing lytic
infection in immunocompetent subjects should be re-considered. Consequently, since infected
individuals eventually clear the infection in blood but still maintain a low CD8'T cell
response [2, 4], the virus may persist in other compartments and only replicate intermittently
or at a low level in remotely infected individuals. A B19-specific T helper cell mediated
response has also been detected in remotely infected individuals [5, 6]. It has been shown that
B19 commonly persists in immunosuppressed individuals and in a few cases of
immunocompetent individuals [1].

Cytokines mediate a number of important immunoregulatory functions and play a critical role
in the modulation of the immune system. An aberrant pro-inflammatory cytokine profile or a
later shift in the balance of the Th1/Th2 cytokine response may play a role in the control of
the viral infection and lead to viral persistence [7]. Primary B19 infection has previously been
associated with a mixed Th1/Th2 profile, with elevated levels of I[FNy, tumour-necrosis factor
o (TNFa) and IL-6. An association between the symptoms related to B19 infection and
elevation of several inflammatory cytokines was also shown [8, 9]. The objective of the
present study was to characterize the kinetics of the pro-inflammatory and Th1/Th2 cytokine
pattern in consecutively followed acutely infected patients and to determine whether an
imbalance of this response predominates in individuals with persistent B19 infection. A better
understanding of cytokine responses in relation to viral load, cellular and humoral immune
responses as well as severity of infection in the individual patient may allow new therapeutic
strategies for severe B19 infection.



Material and Methods
Study subjects
Group I, ‘Acutely B19 infected patients’

Eight previously healthy adults (8 females, mean age 43 yrs, range 38-54 yrs) with B19
infection presenting with at least three out of the four symptoms fever, arthralgia, fatigue and
rash, were included. They had early resolution of symptoms, except for two patients with mild
transient arthralgia lasting for several months. All patients were prospectively identified after
their serum samples had been referred to the Clinical Virology Laboratory at the Karolinska
University Hospital, and were followed for 20-130 weeks (median 80 weeks). All patients had
detectable B19 DNA in serum by PCR and anti-B19 IgM and IgG in serum at the first time
point. Five of these patients have been presented in previous studies [2-4].

Group 11, ‘Persistently B19 infected patients’:

Twenty-two (4 males, 18 females, mean age 45 yrs, range 31-62 yrs) individuals were
included, based on persistent B19 DNA in bone marrow (BM). This was defined as at least
two repeatedly B19 DNA positive BM samples collected with at least 6 month’s interval. In
total, 2-6 samples were collected per patient (mean time of follow-up were 33 months, range
6-110 months). In the patients followed for only a few months, a recent asymptomatic
infection could not be excluded since the virus may not yet have been cleared after primary
infection. Clinical data on the persistently infected individuals were as follow; fatigue 19/22;
chronic fatigue syndrome 14/22; arthralgia 20/22; myalgia 18/22 and paresthesia 11/22. None
of them had a history of repeated severe bacterial or other viral infections as a sign of a
general immunodeficiency. All patients were B19 IgG positive and two were also B19 IgM
positive for almost two years. Sixteen (seven and nine) of these patients have been presented
previously, separately in two different study [10, 11].

Group III, ‘Healthy control subjects’

Eighteen healthy B19 seropositive laboratory workers (12 male, 6 female, mean age 43 yrs,
range 31-61 yrs) without any history of recent apparent symptoms were included in the study
as controls. All were B19 IgG seropositive, B19 IgM seronegative and had no detectable B19
DNA in serum.

Ethical approval for the study was obtained from the local ethical Committees at the
University of Gothenburg and Karolinska Institutet, Karolinska University Hospital, Sweden.



Parvovirus B19 Serology and PCR

B19 IgG and IgM were detected using Enzyme Immune Assay, EIA (Biotrin International
Ltd, Dublin, Ireland) according to the manufacturer’s instructions. Presence of B19 DNA in
serum and BM was confirmed using a nested PCR with a sensitivity of 10° geq/ml [10] and a
quantitative PCR with a sensitivity of 10> geq/ml [2].

Analysis of the general immune status of the persistently infected individuals

To determine whether the persistently infected individuals (group II) had an underlying
immunodeficiency, an extended evaluation was performed according to routines at the
Clinical Immunology Laboratory, Sahlgrenska University Hospital, Gothenburg, Sweden.

HLA-typing: The HLA antigen expression was analysed by the Tissue Typing Laboratory
(Sahlgrenska University Hospital, Gothenburg, Sweden). HLA class I antigen expression was
determined by serology. Lymphocytes in peripheral blood were isolated and determinations of
HLA antigens were done using a complement-dependent cytotoxicity technique (CDC). HLA-
DR antigen genotyping was performed using a PCR-SSP technique [12].

Immunophenotype of peripheral blood mononuclear cells: FACS analysis was performed
using PBMC stained with directly flurochrome-conjugated anti-human CD3, CD4, CDS8,
CD16, CD19, CD56 and HLA-DR (BD Biosciences, Mountain View, CA, USA). PBMC
were incubated at 4° C for 15 minutes with antibodies. Cells were washed and later fixed with
1-2% formaldehyde. Cell acquisition was performed using FACS Calibur with CellQuest
software (Becton Dickinson, Stockholm, Sweden). The absolute number of lymphocytes was
determined using Sysmex K-4500 cell counter (TOA Medical Electronics Co, Japan). The
results for each subpopulation were expressed as the percentage of lymphocytes and as the
number of cells x 10°/L.

Enzyme linked immunospost (ELISpot) assay: The ex vivo cellular immune responses were
measured by [IFNy ELISpots. Briefly, 96-well nitrocellulose bottomed plates (Multiscreen-HA
plates; Milipore, Mulsheim, France) were coated with100pul, 15 pg/ml anti-IFNy monoclonal
antibody overnight at 4°C (Mabtech, Stockholm, Sweden). After washing 5 times, duplicates
of different concentration of cells (5x10*, 2x10%, 10* of cells)/ well were supplemented in
200puL medium. Con A was added in 25Mg/ml and the cells were incubated for 48h at 37° C
with 5 % CO,. 100puL of 1pg/ml biotin-conjugated anti-IFNy (Mabtech, Stockholm, Sweden)
was added and incubated at room temperature for 2h. 100uL streptavidin conjugated alkaline
phosphatase (4pg/ml) was added per well. Plates were washed 5 times with 0.05M Tris buffer
pH: 9.5 and the spots were developed with 100puL. of BCIP-NBT (Life Technologies,
Heidelberg). One spot was considered to represent an IFNy secreting cells, and counted using
a dissection microscope. The results were reported as mean spot-forming cells (SFC) per
million PBMC.



Quantification of cytokines

Twelve different cytokines, IL-1beta, IL-2, -4, -5, -6, -8, -10, -12, -15, GM-CSF, INFy and
TNF-a, were quantified in serum from all individuals. A commercially available multiplex
beads immunoassay, based on the Luminex platform (Biosource International, Inc, Camarillo,
California, USA) was used according to the procedure of the manufacturer. All samples were
run in duplicates. Briefly, beads with defined spectral property were conjugated to the
analyte-specific capture antibodies. Beads, samples, standards and the controls were pipetted
in a filter bottomed 96 well plate and incubated for 2h while shaking (550rpm). After three
washes the biotinylated detector antibodies were added to the beads and incubated for one
hour at the room temperature. Streptavidin conjugated to the R-Phycoerythrin (SA-PE) was
added to the wells after several washings and incubated for 30 min. By monitoring the
spectral properties of the beads and the amount of fluorescence associated with PE, the
instrument measures the concentration of the analytes presented in the original specimens.
The data (mean fluorescence intensity) was analyzed using a Luminex reader (Luminex,
Austin, TX), and the mean concentration was calculated as pg/ml serum.

Statistical analysis

Statistical analysis was performed with Graph Pad Instat and Epi Info.



Results
Dominance of a Th1 cytokine response in acute B19 infection

Eight individuals (group I) were studied regarding B19 serology, B19 DNA and cytokine
profile during and following acute B19 infection (20-130 weeks of follow-up). The first
serum sample was collected within one to five weeks after onset of acute symptoms. B19 IgM
was detected in all patients from study start and up to 17 weeks post primary infection,
whereas B19 IgG was present in all serum samples throughout the study. B19 DNA was
detected for the entire period for all but one patient who cleared the infection after 108 weeks.

The presence and concentration of cytokines were tested longitudinally in the serum samples
representing all individuals. Several pro-inflammatory cytokines (IL-18, GM-CSF, IL-6,
TNFa, and chemokine IL-8) were elevated about 2-65 fold within the first weeks of acute
infection in two of eight individuals (Fig. 1). Thereafter the concentrations decreased to low
or undetectable levels. The cytokine levels in the other six patients were <5 pg/ml during the
entire follow-up, except for the chemokine IL-8 that rose transiently in three patients at one or
two time points each without obvious relations to any other markers. All pro-inflammatory
cytokines were very low in the healthy seropositive individuals, except for two subjects who
showed high levels of IL-8 (data not shown).

The concentrations of the Th1 cytokines IL-2, IL-12 and IL-15 were elevated in the first
weeks following infection in some of the patients (figure 2). These three Thl cytokines
peaked in patient, P2, in a sample collected at 3 weeks following onset of acute symptoms
(Fig. 2a). IL-2 and IL-12 levels decreased at week 20, whereas IL-15 levels remained at about
600 pg/ml. Patient 3 was not sampled until 5 weeks post onset of symptoms but had higher
levels of IL-2, IL-12 and IL-15 as compared with the sample collected at week 10 (Fig. 2b).
Interestingly, patient, P1, suddenly peaked in viral load (from 10*to1.5x10° DNA copies/ml)
after about 1 year of stable titers. This coincided with a peak of IL-2, IL-12 and IL-15,
followed by a loss of viremia some months later (Fig. 2c).

The Th1 cytokine responses in the other five patients were high and stable. IL-2, IL-12 and
IL-15 were elevated in patients P4 and P7, IL-12 and IL-15 were elevated in patients, P6 and
P8, and only IL-12 was elevated in patient, P5 (data not shown).

However, in contrast to the other Thl cytokines, the levels of IFNy (except P2 at weeks 1- 3)
were not elevated. The Th2 cytokines IL-10, IL-4 and IL-5 were <5 pg/ml in all patients
(except for a raised value of IL-10 in patient P4 at week 5) (data not shown).



Persistently B19 infected individuals do not have a general immunodeficiency

Extensive investigations were performed to evaluate the HLA pattern and immunological
condition of the persistently B19 infected patients (group II). HLA class I and II typing,
immunophenotyping of PBMC and also the capacity of producing IFNy after Con A
stimulation, were performed. The frequency of HLA distribution was compared with 40928
individuals in the Tobias Registry, the Swedish register of BM donors. No significant
differences in frequencies of HLA I types were found with one exception. HLA A*9 was
more common in persistently infected individuals (8 of 22, about 36%), compared to the
Tobias registry (about 18%), a difference which was statistically significant (p value <0.047,
Fisher’s exact test). The frequency of HLA DR did not show any significant difference as
compared to a study on healthy Swedish individuals (Fisher’s exact test) [12]. The
frequencies of lymphocytes and NK cells did not reveal any abnormalities as compared to a
reference group [13]. Six study patients had subnormal levels of CD19"B-cells (< 0,1x10°)
but gel electrophoresis did not reveal any deficiency in immunoglobulin distribution. The
capacity of IFNy production after Con A stimulation displayed no difference between
persistent B19 infected individuals and controls (blood donors). All individuals mounted high
IFNy responses to ConA, more than 400 spots/ 10° PBMC.

These assays were performed at an accredited clinical immunology laboratory and the results
were interpreted according to standard reference values. In summary, we could, not detect any
general immunodeficiency, which could explain the viral persistence of B19 in this group.

Cytokine responses; some persistently B19 infected individuals have an elevated IFNy
response

All persistently B19 infected individuals (group II) had detectable B19 DNA in BM for at
least 6-110 months as tested by nested PCR. B19 DNA in serum could only be detected in
seven of the 22 individuals. Cytokine levels in serum showed significantly higher
concentrations of IFNy (p-value 0.004, t-test) as compared with healthy seropositive controls
(group II1) (Fig. 3). However, only 10 of 22 patients had levels above 100 pg/ml of IFNy. The
mean concentration of the other pro-inflammatory or Th1/Th2 associated cytokines did not
differ significantly when comparing persistently infected individuals with healthy seropositive
controls (data not shown).



Discussion

Acute B19 infection is associated with extensive replication of B19 virus in erythroid
precursor cells in the bone marrow. We recently reported that this results in persistent viremia
despite development of neutralizing antibodies and a B19-specific CD8T cell response [3].
The lack of viral resolution is contradictory and we have therefore dissected the fine-tuned
cytokine immune response in consecutive samples from eight acutely infected patients and
followed them for a minimum of 20 weeks. An initial peak of pro-inflammatory cytokines
(IL-1b, TNFa, IL-6 and the chemokine IL-8) was found at onset of acute B19 infection in 2 of
the 8 patients. This peak may have been missed in the other patients since the samples were
collected within one to five weeks after onset of symptoms. However, an induction of the Thl
type of cytokines IL-2, IL-12 and IL-15 was seen already in the earliest available samples and
this expression was sustained during the follow-up period in many patients. In contrast,
cytokines associated with a Th2 type of immune response (IL-4, IL-5, IL-10) as well as an
IFNy responses remained low during the observation time. Despite the lack of these Th2
cytokines the patients developed normal B19-specific IgG levels. These antibodies may have
been induced by a low-grade IL-6 response as well as other cytokines not studied here (i.e.
TGF-B).

With regard to the adaptive immune response, IL-12 was the first detectable Th1 type of
cytokine followed by IL-2 and IL-15 elevations. The induction of these cytokines was linked
in time to some of the patients who have previously been assessed for B19 specific CD8'T
cell responses which increased in magnitude, matured and remained activated over time [4].
Together with IL-7, IL-15 appear to be important in up-regulation of Bcl-2 in antigen-specific
activated T cells and thus of critical importance for the survival of the effector CD8" T cells
during the contraction phase [14]. However, IL-15 does not seem to be mandatory for the
expansion of the effector T-cell during a viral infection [15]. Together with the sustained IL-2
and IL-12 expression, the IL-15 expression presented here is thus in line with our previous
results with the detection of an activated and mature B19-specific CD8" effector T-cell
(CD38'CD57 perforin’) population, long after resolution of B19 related symptom, but during
the time of a continuous low-level B19 viremia. This kind of vigorous cytokine and CD8'T
cell response has not previously been seen for lytic viruses in humans, but rather resembles
antigen persistent virus infections such as EBV.

However, despite the presence of a Th1 cytokine response there was no detectable serum
concentration of [FNy. This was indeed a surprising finding since IL-12 and IL-2 production
normally is linked to significant IFNy synthesis. We also assessed samples from patients with
chronic inflammatory conditions and found significantly increased IFNy levels in these
patients (data not shown). We therefore do not believe that lack of detectable IFNy in our
acutely infected patients were due to technical reasons. Our previous study showed that short
time in vitro culture with B19-antigens induced a significant [FNy production as measured by
ELISpot during more than two years following acute B19 infection [3]. Together, these data
indicate that the persistent B19 viremia in our acutely infected patients may be associated
with an aberrant cytokine profile in vivo with a selective IFNy deficiency despite the Thl
cytokine induction.



It has indeed been possible to link the cytokine responses to previous studies on the CD8'T
cell responses in detail in some of the patients. For example, one of the patients (P1) had a
second viremic period (>1.5 log increase of viral load) about one year after the acute B19
infection. Interestingly, the peak of viremia coincided with a peak of the CD8'T cell response
[3] and the peak of IL-2, IL-12 and IL-15 levels. A few weeks before this peak, a loss of one
of the three epitope-specific CD8 T-cell responses were noted and the frequency of B19
specific CDS8'T cells were decreased to much lower levels around this time as defined by
tetramer staining [4]. It is not possible to determine whether the increase of the viral load was
due to a new infection or reactivation of the primary infection, the loss of one of three epitope
specific CDS'T cells or a result of a viral mutation to escape the immune response.
Surprisingly, this patient was the only individual in this study that cleared the viremia during
follow up (at 108 weeks), maybe as a result of the boosted immune response.

One previous study has correlated B19 infection with a mixed Th1/Th2 profile with elevated
levels of IFNy, TNFa and IL-6 at acute B19 infection [9]. Another study demonstrated
expression of mRNA for IFNy and IL-2 about two weeks post symptom presentation in a
child with acute B19 infection [16]. These differences to our study could possibly be
explained by the timing of the first sample in relation to onset of primary infection as well as
to severity of acute infection and to the fact that we followed our patients with the consecutive
samples for a long time period. Our patients were previously healthy and resolved their B19-
associated clinical symptoms within two months time, thus representing the vast majority of
acutely infected patients by not developing chronic fatigue or long-lasting severity arthralgia.
The pathogenesis of B19 infection with transient symptoms but persistence of viremia for
more then 2 years is unusual when compared to most systemic viral infections. In most
settings, chronic viremia is associated with clinical symptoms or findings. For instance
chronic Hepatitis B infection (deficiency in the cytotoxic T cell response) and chronic
Hepatitis C infection (IFNa deficiency) results in liver damage, HIV-1 infection (lack of
polyfunctional CD8'T cells) in CD4'T cell decline, EBV (lack of perforin and induction of
viral IL-10) in lymphoproliferative conditions, and severe CMV (down-regulated MHC class
I and cytotoxic T cells) in a broad spectrum of symptoms. In all these examples abnormal
immune responses result in impaired T cell mediated cytotoxic response. All these viruses are
associated with selective disturbances in their cytokine response pattern [7, 17-19].
Furthermore, complete induction of Thl immune responses is normally associated with
elimination of the pathogen via cytotoxic activity. Our finding of lack of IFNy in vivo during
a prolonged period from acute B19-infection is therefore surprising and abnormal in the
context of other generalized viral infections.

We were not able to follow the primary B19 infected patients for more than 2 years and could
thus not determine at which time point the Th1 cytokines, T cell responses and viremia
decreased to the undetectable levels observed in seropositive healthy individuals [4]. Neither
did we follow a large enough group of acutely infected patients to determine whether an
imbalance of the cytokine pattern was correlated with a persistent status of the infection as
seen in a few percent of infected patients [20, 21]. One may speculate that activated B19-
specific CD8'T cells do not migrate to the bone marrow that harbour the virus-infected cells
or that the cells may not be fully functioning in vivo. Our and other studies [3, 5, 6] have
demonstrated B19-specific cytotoxic and helper T cell activity after in vitro stimulation. In
order to evaluate the relevance of these assays it is of vital interest to study these phenomena
in vivo at the site of virus replication, in this case the bone marrow, since the concentration of
cytokines at different sites my vary.
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We next analysed the cytokine pattern in a group of persistently B19 infected individuals who
remained B19 DNA positive in bone marrow samples for at least six months, several of them
for years, following acute infection. Initially we performed an extensive immunological
examination to determine whether these individuals suffered from a general
immunodeficiency that could explain the B19 persistence. Some patients had subnormal
levels of NK-cells and CD19 B-cell in blood (as compared to established reference values)
but without any immunoglobulin distribution deficiencies and the evaluation did not reveal
any general underlying immunodeficiency disorders in the patients. However, HLA A9 was
more common among persistently B19 infected patients than in controls. A relation between
HLA-DR*4 and symptomatic acute B19 infection has been described previously. As seen for
many other infections, individuals can be sensitive to microbial agents due to selective
properties in their immunological repertoire. Our finding, overrepresentation of HLA A9 in
persistent B19 infection has not been described before and is difficult to interpret. However,
by extensive evaluations of genetic (unpublished data), humoral [22] and cellular [11]
immune responses we have only found one type of defect that discriminates persistently
infected individuals from healthy seropositive subjects: a shift in the in vitro T cell immune
response from the B19 NS1 to the B19 viral capsid proteins [11]. In the present study we
aimed to determine whether a difference in the cytokine response was further associated with
the persistent status of the infection. An imbalance of Th1/Th2 cytokines has been suggested
to be associated with the chronicity of hepatitis C virus (HCV) [7]. However, only higher
levels of IFNy as compared with acutely and remotely B19 infected patients were found in our
persistently infected individuals. This probably indicated an unspecific response and cannot
possibly explain the persistent status of the B19 infection or the aberrant T cell response as
described above.

It seems clear that the previous designation of B19 as a lytic non-persistent virus needs
modification since the infection neither leads to rapid viral clearance nor contraction of the
initial T cell burst [23, 24]. The virus rather seems to have characteristics of both persistent
and lytic non-persistent viruses by now also demonstrating that the Th1 cytokine levels were
sustained at high levels. This further confirms our hypothesis of describing B19 infection as a
new type of host-virus relationship not seen in any other “acute” human viral infection.
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Asubset of parvovirus B19 (B19) infected patients
retains the infection for years, as defined by
detection of B19 DNA in bone marrow. Thus
far, analysis of B19-specific humoral immune
responses and viral genome variations has not
revealed a mechanism for the absent viral
clearance. In this study, ex-vivo cellular immune
responses were assessed by enzyme linked
immunospot assay mounted against the majority
of the translated viral genome. Compared to
seropositive healthy individuals, individuals with
B19 persistence (2-8 years) showed larger num-
ber of responses to the structural proteins
(P=0.0022), whereas responses to the non-
structural protein were of lower magnitude
(P=0.012). These observations provide the first
findings of immunological discrepancies bet-
ween individuals with B19 persistence and
healthy individuals, findings that may reflect
both failed immunity and antigenic exhaustion.
J. Med. Virol. 78:129-133, 2006.

© 2005 Wiley-Liss, Inc.
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INTRODUCTION

Human parvovirus B19 (B19) is one of the smallest
viruses known to infect mammalian cell and replicates
primarily in erythrocyte precursors in bone marrow.
Parvovirus B19 is a member of the Parvoviridae family
and subfamily Parvovirinae. Since B19 replicates
autonomously in erythroid progenitor cells it is classi-
fied in the third genus Erythrovirus. It is a single
stranded DNA virus with icosahedral symmetry. The
viral genome (5.5 kb) encodes of three main proteins,

© 2005 WILEY-LISS, INC.

the non-structural protein NS1, and the capsid proteins
VP1 and VP2. The two-capsid proteins arise by alter-
native splicing with VP2 accounting for 96% of the viral
capsid composition. B19 uses the erythrocyte P antigen
receptor for infection of immature erythropoietic cells as
well as an integrin co-receptor o5p1. B19 is ubiquitous in
society with a seroprevalence in the adult population of
70%—80%. The virus causes the self-limiting childhood
disease erythema infectiosum with fever and rash.
However, the infection can give severe complications
in pregnant women causing fetal death or hydrops
fetalis. It may also cause transient aplastic crisis in
individuals with underlying hematological disorders
and severe cytopenia in immunocompromised persons,
reviewed by Heegaard and Brown [2002] and Weigel-
Kelley et al. [2003]. Neutralizing antibodies are believed
to mediate both clearance of the virus and long-term
protective immunity after resolution of the infection.
Both neutralizing long-term humoral and proliferative
responses have been shown elicited by the virus struc-
tural proteins, in particularly the unique region of VP1
[Musiani et al., 2000; Franssila et al., 2001; Zuffi et al.,
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2001]. Fewer studies have been carried out concerning
the cytotoxic T-cell responses directed to the virus, but
acutely infected patient exhibit strong responses target-
ing mainly the NS1 protein [Tolfvenstam et al., 2001;
Klenerman et al., 2002; Norbeck et al., 2005].

A proportion of apparently immunocompetent per-
sons retain B19 DNA in their bone marrow for years
(hereafter referred to as “persistently infected”) [Faden
et al., 1992; Cassinotti et al., 1993; Sasaki et al., 1995;
Lundqvist et al., 1999a]. This is reported rare in healthy
B19 seropositive individuals, although the virus is
probably less rapidly cleared in normal hosts than
thought previously [Lundqvist et al., 1999b; Heegaard
et al., 2002; Lindblom et al., 2005].

Assessment of viral and host factors in B19 persis-
tently infected individuals have demonstrated B19
neutralizing antibodies with normal epitope distribu-
tion [Tolfvenstam et al., 2000] and a high viral sequence
homology to that of B19 strains isolated from transient
infections (unpublished data, GeneBank accession no:
AY028223-57) [Servant et al., 2002]. The distribution of
the cellular immune responses to B19 in persistent
infected and healthy seropositive individuals was
examined in an attempt to clarify the pathogenesis of
the absent viral clearance.

MATERIALS AND METHODS
Study Subjects

The ex-vivo cellular immune responses in two dif-
ferent cohorts were investigated. Fourteen healthy
seropositive individuals (serum B19 DNA negative,
IgG-positive, and IgM-negative), 7 female and 7 male
(mean age 40.4, range 27-59 years), and nine persis-
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tently infected individuals (IgG-positive and B19 IgM-
negative), 7 female and 2 male (mean age 49.3 years,
range 31-65 years), were included in the study. The
latter group had been referred to the Department of
Infectious Diseases in Boras, Sweden, and suffered from
fatigue and symptoms including fever, recurrent rash,
chronic arthralgia, and other inflammatory manifesta-
tions that were unexplained despite thorough clinical
and laboratory investigation. They all had detectable
B19DNAin their bone marrow, during the entire follow-
up, which ranged from 2 to 8 years. In addition, three
B19 IgG-negative and IgM-negative healthy persons
were included as controls for assay specificity.

Serology, PCR, and HLA-Typing

B191gG and IgM were tested by a commercial enzyme
immunoassay (Biotrin, Inc., Dublin, Ireland). A nested
PCR was used for B19 DNA detection, with a sensitivity
of 10® copies/ml [Tolfvenstam et al., 2001]. HLA class I
tissue typing was performed by multiplex PCR (SSP
Unitray HLA-ABC Kit, ABC SSP Unitray Biotech, Oslo,
Norway).

IFN-y ELISpot

The ex-vivo cellular immune responses were mea-
sured in terms of antigen-specific interferon-y (IFNy)
secretion by an enzyme-linked immunospot assay, as
previously described [Larsson et al., 1999], with some
modification. Briefly, a panel of 210 overlapping pep-
tides were synthesized by Fmoc chemistry, representing
the entire B19 NS1 and VP1 and two proteins,
representing 92% of the total viral protein sequence,

TABLE I. Peptide Specifications

Peptide length?®

Peptide pool Protein No. of peptides (aa) Overlap (aa) Coverage® (aa)
NS-1 NS1 10 15 10 1-65
NS-2 NS1 10 15 10 56-115
NS-3 NS1 10 15 10 106-165
NS-4 NS1 10 15 10 156-215
NS-5 NS1 10 15 10 206-265
NS-6 NS1 10 15 10 256-315
NS-7 NS1 10 15 10 306—-365
NS-8 NS1 10 15 10 356-415
NS-9 NS1 10 15 10 406-465
NS-10 NS1 10 15 10 456-515
NS-11 NS1 10 15 10 506—565
NS-12 NS1 10 15 10 556-615
NS-13 NS1 10 15 10 606-665
NS-14 NS1 3 15 (11) 10 656-671
VP-1 VP1 10 20 10 1-110
VP-2 VP1 10 20 10 101-210
VP-3 VP1 2 20 (17) 10 201-227
VP-4 VP2 10 20 10 1-110
VP-5 VP2 10 20 10 101-210
VP-6 VP2 10 20 10 201-310
VP-7 VP2 10 20 10 301-410
VP-8 VP2 10 20 10 401-510
VP-9 VP2 5 20 (14) 10 501-554

“Numbers in parenthesis refer to the lengths of the last peptide in the respective protein products. aa, amino acid.

"Numbering according to Shade et al. [1986].
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as published by Shade et al. [1986] (Table I). Peripheral
blood mononuclear cells (PBMCs) were separated from
lithium-heparinized whole blood by Ficoll-Paque (Amer-
sham Bioscience, Uppsala, Sweden) and used in the
assay within 8 hr after venesection. Ninety-six-well IPS-
lined microtiter plates (Millipore) were coated with 5 pg/
ml of anti-IFNy monoclonal antibody (mAb) (MAB 1-
D1K, Mabtech, Stockholm, Sweden) and subsequently
blocked with 5% pooled human serum (BioWhittaker,
Maryland). Triplicates of 2 x 10° viable PBMCs were re-
suspended in 50 pl of media (RPMI-1640 supplemented
by 15% fetal calf serum, streptomycin/penicillin, and
L-glutamine) and incubated with 10 pg/ml of peptide
for 18 hr at 37°C in 5% COj. Instead of peptide,
10 pg/ml phytohemagglutinin (Sigma-Aldrich, Munich,
Germany) was used as a positive control, and media only
was added to a negative control. An irrelevant peptide
(HIV-1, SLYNTVATL) was used in to rule out non-
specific IFNy-responses. One pg/ml of biotin-linked anti-
IFNy mAb (MAB 7-B6-1-Biotin, Mabtech) was used as
secondary antibody, which was conjugated subse-
quently with streptavidin alkaline phosphatase (AP)
(Bio-Rad, Hercules, CA), and visualized by an AP
conjugate substrate Kit (Bio-Rad). Defined spots with
fuzzy border and blue color were counted in a stereo-
microscope. IFNy-responses were reported as mean
spot-forming cells (SFC) per million PBMCs, after
subtracting the IFNy-release from non-stimulated cells.
Specific IFNy-responses were defined as values of at
least 20 SFC/10° PBMCs exceeding the plate baseline
calculated as the mean plus two standard deviations of
all triplicate responses in an experiment, excluding the
values from non-stimulated cells and the three highest
and the three lowest responses.

Ethical approval was obtained for the study
from the local ethical committee at the Karolinska
University Hospital, Karolinska Institutet, Stockholm,
Sweden.

RESULTS

IFNvy-Responses Are Mainly Detected
Against the NS1 Protein in Healthy
Seropositive Individuals

When testing healthy seropositive individuals
for reactivity against NS1-peptides, specific IFNy-
responses appeared in 24 of 196 possible combinations
of PBMCs and peptide pools, tested in triplicate,
representing responses to 12—14 pools of NS1-peptides
(Fig. 1). The responses derived from eight individuals
that reacted to 1-4 NS1-peptide pools each. Correspond-
ing figures for VP-peptides were 5 of 126 combinations,
representing responses to 4 of 9 VP-peptides pools from
three individuals reacting to 1-2 VP-peptide pools each.
Two persons responded to both NS1 and VP-peptide
pools. A significantly larger number of responses were
thus shown to NS1- than to VP-peptides in healthy
individuals (P =0.015, Fisher’s exact test). Also, the
mean level of specific IFNy-response to the NS1-peptide
pools greatly exceeded that to the VP pools in healthy
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Fig. 1. B19 NS1- and VP-specific IFNy-responses. The IFNy-
responses of the healthy individuals (+) and persistently infected
individuals (O), expressed as SFC/106 PBMCs, are plotted for each
peptide pool derived from the B19 NS1 and VP proteins. No specific
IFNy-responses were detected against the B19 antigens in the
seronegative individuals.

individuals (99 and 5 SFC/10° PBMCs, respectively;
P =0.013, Mann—Whitney).

IFNvy-Responses Are Detected Mainly Against the
VP Proteins in Persistently Infected Individuals

In the persistently infected, specific IFNy-responses
were shown in 9 of 126 possible combinations of PBMCs
with NS1-peptides, and 14 of 81 combinations with
VP-peptides, representing 6 of the 14 NS1-and 7 of the 9
VP-peptide pools, respectively (Fig. 1). The responses
derived from five individuals that reacted to 1-3 NS1-
peptide pools each, five that reacted to 1-5 VP-peptide
pools each, and three individuals showing reactivity
to both NS and VP-peptide pools. Thus, the number of
responses to VP-peptides was significantly larger than
that to NS1-peptides in persistently infected individuals
(P =0.039, Fisher’s exact test). However, there was no
significant difference in mean level of specific IFNy-
responses to NS1- and VP-peptide pools in this group
(13 and 17 SFC/10° PBMCs, respectively; P=0.14,
Mann—Whitney).

Comparison of IFNy-Responses, B19 IgG
Titers, and HLA Types Between B19 Persistently
Infected and Healthy Seropositive Individuals

Comparison between the groups revealed a signifi-
cantly higher number of specific IFNy-responses direc-
ted to VP-peptides among the persistently infected
compared to the healthy seropositive individuals,
whereas no such difference emerged for NS1-peptides
(P =0.0022 and 0.19, respectively, Fisher’s exact test).
The mean level of specific IFNy-response to NS1-peptide
pools was significantly higher among healthy seroposi-
tive individuals than among persistently infected, but
responses to VP-peptide pools were virtually the same
(P=0.012 and 0.092, respectively, Mann—Whitney).
The mean B19 IgG level in persistently infected was
97 IU/ml, which was significantly higher than in the
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healthy seropositive individuals with a mean of 61 IU/ml
(P=0.012, unpaired ¢-test). Taking age into account in a
multiple regression analysis provided a p-value for B19
IgG difference of 0.011. With respect to HLA class I
genotype distribution, any overrepresentation of alleles
were assessed by multiple 32 tests. No significant
differences between the groups or clustering of a single
HLA allele were thus noted that would indicate HLA
non-responsiveness as a possible explanation for the
observed differences in responses. No specific controls
were detected in the three seronegative control, and no
deficiency in intrinsic IFNy-secretion was found, since
all individuals mounted strong responses to phytohe-
magglutinin (above 1,500 SFC/10° PBMCs).

DISCUSSION

Neutralizing antibodies are believed to be the most
important mode of clearance of B19. The VP1 unique
region is a well-characterized immunodominant site for
the humoral immune response and corresponds to the
sequence with known neutralizing activity able to elicit
long lasting immune responses [Musiani et al., 2000;
Zuffi et al., 2001]. However, in-spite of the presence
of functional neutralizing antibodies, a proportion of
apparently immunocompetent individuals retain B19
DNA in their bone marrow for years [Lundqvist et al.,
1999a]. It was found that the distribution of cellular
immune responses is discordant in healthy seropositive
individuals and individuals with B19 persistence. Host
IFNy-responses were elicited primarily to the virus NS1
protein in the first group, in concordance to a recent
assessment in acutely infected individuals [Norbeck
et al, 2005]. In B19 persistently infected, these
responses were skewed towards a VP-directed response
with a lower magnitude of NS1 response. Bone marrow
samples could not be obtained from the healthy
individuals to assess B19 DNA, but there is substantial
support for the assumption that these persons did not
have persistent B19 infections. Firstly, lower B19 IgG
levels in the healthy individuals may reflect a lack of
continuous antigen stimulation responsible for the
elevated B19 IgG levels in the persistently infected
individuals. Secondly, the frequency of B19 DNA in bone
marrow was previously estimated at 4% using the same
PCR assay in patients with unselected hematological
disorders and at 2.1% in healthy bone marrow donors
[Lundqvist et al., 1999b; Heegaard et al., 2002]. With
that said, it can be speculated that absent B19 clearance
could be the result of an insufficient NS1 or a pre-
dominating VP host cellular immune response. How-
ever, exhaustion of the response because of continuous
antigenic stimulation should be considered as an
explanation for the weak NS1 response, a phenomenon
speculated to occur during persistent infections. Indeed,
overexpression of NS1 is a speculative feature of B19
persistence [von Poblotzki et al., 1995; Probst et al.,
2003]. The larger number of VP-responses is more
difficult to explain, but could be a secondary effect after
an initial failure of the infected host respond effectively
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to the NS1 protein. Hepatitis B virus (HBV) establishes
persistence in a proportion of infected individuals whose
very low cytotoxic T-lymphocyte levels may stem from
immune tolerance [Penna et al., 1991; Nayersina et al.,
1993; Rehermann et al., 1995; Rehermann, 2000].
Proposed tolerogenic mechanisms include anergy,
immunological exhaustion, imbalance in lymphokine
production, and defective antigen presentation [Kakimi
et al., 2002]. This parallel between B19 and HBV
infection is interesting, since these two viruses may
have an immunopathological resemblance. Moreover,
the clear dominance of NS1 responses in distribution
and magnitude in healthy individuals warrants further
study considering that the current B19 candidate
vaccine consists only of structural proteins, to which a
large distribution of cellular immune responses and
neutralizing antibodies appears compatible with B19
persistence.
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