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Abstract
Background. In European countries, muscoskeletal symptoms associated with Lyme arthritis appear in 7–20% of
disseminated cases of borreliosis. Lyme arthritis is a late manifestation of the disease; however, like erythema
migrans, arthritis may occur as the only or the initial manifestation of infection with Borrelia burgdorferi sensu lato.
Objectives. The present study was carried out to determine seroreactivity to B. burgdorferi sensu lato antigens in
inhabitants of the Lower Silesian region of Poland suffering from undiagnosed arthralgia.
Material and Methods. To detect IgM and IgG antibodies specific to B. burgdorferi sensu lato in sera, an immu−
noenzyme assay with recombinant antigens was performed. All immunoenzyme assay−positive samples were con−
firmed by Western blot.
Results. Immunoenzyme assay followed by Western blot analysis revealed that of 64 serum samples examined,
23 (35.9%) demonstrated the presence of IgM and/or IgG antibodies confirmed by reactivity with antigens specific
to B. burgdorferi sensu lato. The results allow assuming that at least 9 (14.1%) subjects with IgG or IgG and IgM
immune responses present active Lyme arthritis. 
Conclusions. The results strongly suggest that in the wooded region of Lower Silesia, arthralgia should be diag−
nosed paying special attention to Lyme disease at least in subjects with a history of tick bite (Adv Clin Exp Med
2008, 17, 6, 635–641).
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Streszczenie
Wprowadzenie. W krajach europejskich objawy kostno−stawowe związane z chorobą z Lyme dotyczą 7–20%
przypadków rozsianej boreliozy. Boreliozowe zapalenie stawów dotyczy przewlekłej boreliozy, ale podobnie jak
rumień migrujący, może być wczesnym, a czasem jedynym objawem zakażenia krętkami Borrelia burgdorferi
sensu lato. 
Cel pracy. Zbadanie obecności przeciwciał dla antygenów Borrelia burgdorferi sensu lato w surowicach miesz−
kańców Dolnego Śląska cierpiących z powodu nieokreślonych bólów stawowych, którzy w przeszłości mieli kon−
takt z kleszczami. 
Materiał i metody. Przeciwciała swoiste dla Borrelia burgdorferi sensu lato oznaczano testem immunoenzyma−
tycznym z rekombinowanymi antygenami, a następnie ich obecność potwierdzano testem Western blot. 
Wyniki. Obecność przeciwciał klas IgM i/lub IgG swoistych dla Borrelia burgdorferi sensu lato wykryto w 23
(35,9%) spośród 64 badanych surowic. Uzyskane wyniki badań pozwalają przypuszczać, że co najmniej 9 (14,1%)
badanych seropozytywnych osób prezentowało aktywną postać boreliozowego zapalenia stawów. 
Wniosek. Nierzadkie na zalesionym terenie Dolnego Śląska zakażenie krętkami z gatunku Borrelia burgdorferi
sensu lato powinno być brane pod uwagę w różnicowej diagnostyce bólów stawowych (Adv Clin Exp Med 2008,
17, 6, 635–641). 

Słowa kluczowe: ból stawu, boreliozowe zapalenie stawów, Borrelia burgdorferi sensu lato, testy serologiczne,
antygeny rekombinowane.

* This work was financed by Silesian Piasts University of Medicine Specialistic Microbiology Laboratory MicroFAM.



Lyme borreliosis caused by spirochetes of the
species Borrelia burgdorferi sensu lato, consisting
of B. burgdorferi sensu stricto, B. afzelii, and
B. garinii genospecies, is a multisystem disorder
that can afflict many organs, but it is most com−
monly associated with the skin, nervous system,
heart, and joints [20, 23]. Lyme arthritis is most
often associated with B. burgdorferi sensu stricto
infection, which is common in North America but
less frequent in Europe. In European countries,
muscoskeletal symptoms appear in 7–20% of dis−
seminated cases of borreliosis; however, apart
from B. burgdorferi sensu stricto, B. garinii can
also cause arthritis [2, 12, 26]. 

Lyme arthritis may occur early in disseminated
disease or at late stages of borreliosis and usually
presents an intermittent course as the majority of
patients have only a few attacks. The disease most
commonly affects asymmetric peripheral large
joints, especially the knees, ankles, and elbows [3, 6].
As in other joint inflammatory diseases, Lyme
arthritis presents with warmth, erythema, swelling,
and also pain in joints during motion [21, 22]. 

Although Lyme arthritis is clinically distinct
from rheumatoid arthritis (RA), the disease resem−
bles the oligoartricular form of juvenile or adult
RA and can cause joint destruction due to chronic
proliferative synovitis with inflammatory exudates
rich in protein and infiltration of granulocytes [1, 6].
Moreover, muscoskeletal symptoms may persist
for a long time, mimicking RA, in untreated
patients. Rheumatoid factor and anti−nuclear anti−
bodies characteristic of RA are usually negative in
Lyme arthritis, but may be detected in some
patients [25]. In contrast to RA, most patients with
Lyme arthritis can be treated successfully with
appropriate antibiotic therapy, even in long−stand−
ing disease [8, 18]. However, despite adequate
antibiotic therapy, approximately 10% patients
with Lyme arthritis, mainly those with HLA DR2
and HLA DR4 haplotypes, develop chronic arthri−
tis with histology of the synovial lesions typical of
that found in all forms of chronic inflammatory
arthritis [10, 14, 28]. Unfortunately, clinical and
laboratory signs of joint inflammation may be
minimal in the course of Lyme arthritis, making
the diagnosis and differentiation from other forms
of inflammatory joint involvement difficult [6]. 

The present study was carried out to determine
seroreactivity to B. burgdorferi sensu lato antigens
in inhabitants of the region of Lower Silesia in
Poland suffering from undiagnosed arthralgia.
Since individuals with nonspecific symptoms such
as arthralgia are frequently misdiagnosed as hav−
ing borreliosis, the aim of the present study was to
find out how often joint complaints might be asso−
ciated with Lyme arthritis.

Material and Methods

Serum Samples

Serum samples were obtained from 64 ran−
domly selected adults (age average: 50.5 years),
inhabitants of the region of Lower Silesia in Poland
who had joint complaints and who had never been
treated for Lyme borreliosis. All persons answered
a questionnaire regarding exposure to arthropod
bites before the onset of arthralgia and antibiotic
therapy before serum sample testing.

Serological Testing
Serological testing was performed according

to the guidelines of the German Society of
Hygiene and Microbiology (GSHM) in a two−step
procedure: a sensitive immunoenzyme test differ−
entiating IgM and IgG followed by immunoblot
(IgM and IgG) of all seropositive samples. 

ELISA
To detect IgM and IgG antibodies specific to

B. burgdorferi sensu lato in the sera, an immu−
noenzyme assay with recombinant antigens
(Borrelia IgM, IgG Recombinant Antigen, Bellco
Biomedica Medizinprodukte GmbH & Co. KG,
Austria) was performed. The levels of antibodies
detected in the serum samples were calculated
according to the manufacturer’s instructions and
expressed as predefined borrelial units (BBU/ml).
Serum samples with ≤ 11 BBU/ml were consid−
ered negative, 11–20 BBU/ml weakly positive,
and 20–30 BBU/ml highly positive.

Immunoblot
All serum samples positive in the immunoen−

zyme assay were confirmed by the Western blot
assay (recomBlot BorreliaNB IgM and IgG,
Mikrogen GmbH, Germany). Nine recombinant
proteins combined from B. burgdorferi sensu lato
genospecies are employed in the test. These pro−
teins are p100, p41, p39, OspA, OspC, p41/i B. ga−
rinii (p41/iG), p41/i B. afzelii (p41/iA), p18
(DbpA), and VlsE, an antigen conserved among
B. burgdorferi sensu lato strains with broad reac−
tivity to IgM− and IgG−specific antibodies. The
results of Western blot were interpreted according
to the manufacturer’s instructions by point evalua−
tion of the borrelial antigens reacting with the
serum samples and then adding the point values.
A total score of ≤ 4 points indicates a negative
result, 5–6 points a borderline result, and ≥ 7 points
a positive result. Moreover, the Western blot
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results were also interpreted according to GSHM
recommendations. The blot was consider IgG pos−
itive if two of the following bands were present:
p100, p58, p43, p39, p30, OspC, p21, DbpA, and
p14, and IgM−positive if at least one band of the
following was present: p41 (strong reactivity),
p39, OspC, and DbpA [7, 27].

Results

Of the 64 serum samples examined by the
immunoenzyme assay, 23 (35.9%) showed the
presence of antibodies specific to B. burgdorferi
sensu lato. Specific IgM and IgG antibodies were
present in 17 (26.6%) and 9 (14.1%) serum sam−
ples, respectively, and both classes of antibodies
were detectable in 3 (4.7%) samples (Table 1).
Western blot confirmed the presence of antibodies
specific to B. burgdorferi sensu lato antigens in all
the serum samples in spite of borderline scores
obtained in two samples (Table 2, serum samples
25 with IgM and 56 with IgG). 

A questionnaire revealed that of the 23 individ−
uals positive in the serological tests, as many as 17
(73.9%) remembered a tick bite. The period
between the tick bite and serological testing varied
from several weeks to five years and all these per−
sons complained of transitory painful joint swelling
and/or migratory arthralgia as the main symptoms.

Analysis of the specific antigens reacting with
IgM antibodies present in the 17 IgM−positive serum
samples revealed that OspC protein (88.2% reactiv−
ity) and p41 B. burgdorferi flagellum antigen
(82.3% reactivity) followed by p41/i B. afzelii
(70.6%) and and p41/i B. garinii flagellar antigens
(64.7%) were the most frequently recognized anti−
gens (Table 3). As many as 14 (60.9%) of the 23
seropositive samples demonstrated the presence of
IgM antibodies alone and all these samples fulfilled
the requirements for a positive result in the
immunoblot assay. IgM reactivity with only one
(OspC) antigen was demonstrated in one serum
sample and reactivity with two antigens in 2 (14.3%)
of the 14 IgM−positive samples. Interestingly, none
of these serum samples revealed reactivity with fla−
gellar antigens, but the antigens recognized were
VlsE and OspA in one serum sample and p39 and
OspC in the second one. The remaining serum sam−
ples were positive for three or more of the nine anti−
gens examined by Western blot (Table 4). As many
as 12 (85.7%) of the 14 IgM−positive serum samples
reacted with OspC protein, besides with flagellar
antigens (p41, p41/i B. garinii, p41/i B. afzelii). 

Of all the serum samples examined, only 9
(14.1%) showed the presence of IgG or IgM and
IgG antibodies. The most common antigens recog−

nized by the specific IgG antibodies were VlsE and
p41 (100% reactivity), followed by p41/i B. garinii
and p41/i B. afzelii (77.8% reactivity) and p39
(66.7% reactivity) (Tables 2 and 3). In all except
one sample (Table 2, sample 56) specific IgG reac−
tivity with VlsE and flagellar antigens was accom−
panied by reactivity with p18, and p39 or OspC,
and/or p100. Only 2 (22.2%) of the 9 serum sam−
ples demonstrated IgG response to three of the nine
antigens in Western blot and the remaining 7 (77.8%)
samples revealed IgG reactivity with four to eight
of the nine antigens (Table 4).
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Table 1. Immunoenzyme and Western blot assay 
evaluation

Tabela 1. Test immunoenzymatyczny i Western blot

Serum EIA (BBU/ml) WB (score)
sample no. IgM IgG IgM IgG
(Numer prób− 
ki surowicy

4 12.3 ≤ 11 7 ≤ 4

17 10.5 ≤ 11 13 ≤ 4

18 12.5 ≤ 11 13 ≤ 4

22 19 ≤ 11 9 ≤ 4

25 20.6 ≤ 11 5* ≤ 4

41 17.8 ≤ 11 11 ≤ 4

45 10.6 ≤ 11 20 ≤ 4

51 > 30 ≤ 11 13 ≤ 4

54 > 30 ≤ 11 16 ≤ 4

62 13.5 ≤ 11 13 ≤ 4

64 18.1 ≤ 11 9 ≤ 4

79 13.8 ≤ 11 30 ≤ 4

80 18.4 ≤ 11 13 ≤ 4

84 17.3 ≤ 11 13 ≤ 4

56 12.8 15.9 12 6*

74 17.2 > 30 8 21

87 12.3 20.7 12 11

11 ≤ 11 > 30 ≤ 4 37

14 ≤ 11 > 30 ≤ 4 31

38 ≤ 11 24 ≤ 4 21

42 ≤ 11 > 30 ≤ 4 31

63 ≤ 11 20.5 ≤ 4 14

81 ≤ 11 > 30 ≤ 4 31

BBU/ml – borrelial units.
EIA – immunoenzyme assay.
WB – Western blot.
* Borderline results.

BBU/ml – umowne jednostki boreliozowe.
EIA – test immunoenzymatyczny.
WB – western blot.
* Wyniki graniczne/wątpliwe.



Discussion
The diagnosis of Lyme disease is based on

serological tests; however, in Europe borreliosis is
caused by at least three genospecies of B. burgdor−
feri sensu lato and serological assays must consid−
er the heterogeneity of borrelial antigens [24]. The
antigenic diversity among the genospecies associ−
ated with Lyme disease, the wide variety of clinical
symptoms of the disease, and a demonstrated
seropositivity of the normal healthy population
varying from 5–20% depending on age and out−
door activities make an interpretation of serological
test results difficult, especially when clinical mani−
festations of the disease are nonspecific [4, 27]. 

In their laboratory, the present authors have
noticed that first−contact doctors quite often refer
individuals experiencing muscoskeletal symptoms
for serological examination for Lyme disease.
Nonspecific symptoms such as arthralgia may be
associated with many other clinical disorders
besides borreliosis, such as reactive or rheumatoid
arthritis, systemic lupus erythematosus (SLE), or
simply the wearing down of joint cartilage, com−
mon in the elderly. 

Lyme arthritis is a late manifestation of the
disease and most patients present elevated levels
of IgG antibodies to a wide variety of borrelial
antigens. However, similarly to erythema migrans,
arthritis may occur as the only or the initial mani−
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Table 2. Reactivity of specific IgM and IgG antibodies in serum samples examined with specific recombinant antigens 
in Western blot assay

Tabela 2. Reaktywność przeciwciał IgM and IgG w próbkach surowicy z rekombinowanymi antygenami badana testem
Western blot

Serum Reaction of antibodies with specific antigens (Reakcja przeciwciał ze swoistymi antygenami)
sample no. IgM IgG
(Numer próbki 
surowicy)

4 VlsE, OspA –

17 p41, OspC, p41/iGa, p41/iAb –

18 p41, OspC, p41/iG, p41/iA –

22 p41, OspC –

25 p41, p41/iG, p41/iA –

41 p39, OspC –

45 p100, VlsE, p41, OspC, p41/iG, p41/iA –

51 p41, OspC, p41/iG, p41/iA –

54 p41, p39, OspC, p41/iG, p41/iA –

62 p41, OspC, p41/iG, p41/iA –

64 p41, OspC, p41/iA –

79 p41, p39, OspA, OspC, p41/iG, p41/iA –

80 p41, OspC, p41/iG, p41/iA –

84 p41, OspC, p41/iG, p41/iA –

56 p41, OspC, p41/iG VlsE, p41, p41/iG

74 OspC VlsE, p41, p39, OspC, p41/iG, p41/iA

87 p41, OspC, p41/iG VlsE, p41, OspC

11 – p100, VlsE, p41, p39, OspC, p41/iG, p41/iA, p18

14 – p100, VlsE, p41, p39, p41/iG, p41/iA, p18

38 – p100, VlsE, p41, p39, p41/iG, p41/iA, p18

42 – p100, VlsE, p41, p39, p41/iG, p41/iA, p18

63 – VlsE, p41, p39, p41/iA

81 – p100, VlsE, p41, p39, p41/iG, p41/iA, p18

a Flagellar antigen specific to B. garinii.
b Flagellar antigen specific to B. afzelii.
a Antygen rzęskowy swoisty dla B. garinii.
b Antygen rzęskowy swoisty dla B. afzelii.



festation of infection with B. burgdorferi. In these
cases, both IgM− and IgG−specific antibodies are
often detectable [9, 11, 21, 22]. 

In this study more than one third of the indi−
viduals with arthralgia revealed the presence of
antibodies specific to B. burgdorferi sensu lato,
but about 60% of the immunoenzyme assay−posi−
tive serum samples demonstrated IgM without
accompanying IgG antibodies, indicating an early
immune response. Early in the disease, some
patients may experience migratory intermittent
muscoskeletal pain in joints which without antibi−
otic treatment may evolve into more severe mus−
coskeletal disorders, especially among individuals
with an IgM response to OspC outer membrane
protein. OspC (21–25 kDa) is the most immun−
odominant antigen early after infection and seems
to be an important virulence factor responsible for
the infectivity and invasiveness of B. burgdorferi
sensu lato species [1]. IgM response to OspC
involves about 35–53% of European patients with
early manifestations of borreliosis, especially
those with neuroborreliosis. At a late stage of the
disease, IgG response to OspC is associated with
3–60% of subjects [1]. On the other hand,
immunological response to OspC might be predic−
tive of the development Lyme arthritis since,
according to Fung et al. [5], individuals with
prominent IgM response to OspC early in the ill−
ness developed IgG reactivity with this protein,
often apparent in arthritis cases, months to years
later. Panelius et al. [16] also demonstrated IgM
antibodies against OspC in 53% patients with
Lyme arthritis. In the present study, a large pro−
portion of the tested sera showed strong IgM reac−
tivity with the antigen and, taking into considera−

tion that most of the individuals reported in the
questionnaire that they had symptoms for at least
several weeks, it seems possible that although they
did not reveal an IgG response, they might devel−
op IgG reactivity with the antigen and their symp−
toms will evolve into arthritis [29]. 

In about 80% of the serum samples with IgM
against OspC there were also IgM antibodies to
flagellar antigens of B. burgdorferi sensu lato
genospecies. Flagellar protein p41 (41 kDa) is also
an immunodominant antigen inducing strong IgM
and IgG response early after infection. Unfortu−
nately, antibody reactivity only with flagellar anti−
gen may be associated with a cross−reaction of
antibodies induced by infection with other spiro−
chetes, for example Treponema, Leptospira, or
relapsing fever of borrelial species, and these
results should be interpreted cautiously [1].
However, in the study there was only one serum
sample with IgM antibodies reacting only with fla−
gellar antigens, as confirmed by Western blot
analysis. Although the level of the IgM antibodies
in the sample was quite high (20.6 BBU/ml),
Western blot evaluation indicated a borderline
score. In this case, other spirochetal or viral dis−
eases, such as mononucleosis, should be excluded.

Interestingly, two of the tested samples indi−
cated IgM reactivity with OspA antigen.
Borreliacidal antibodies to OspA (31 kDa) antigen
are detected very rarely among European patients
with Lyme disease and are characteristic of late
infection [1]. In this study, in one sample IgM
reactivity to OspA was accompanied by VlsE anti−
gen and in the second by OspC, p39, and flagellar
antigens, which are highly specific to borrelial
infection [19]. In some patients with Lyme dis−
ease, IgG response is delayed, and even during late
stages, 5–10% of patients do not have elevated
antibody levels, which might also be true of these
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Table 3. Specific B. burgdorferi sensu lato antigens rec−
ognized by IgM and IgG antibodies present in the serum
samples

Tabela 3. Antygeny swoiste dla B. burgdorferi sensu lato
wykryte przez przeciwciała IgM and IgG obecne 
w próbkach surowicy

Antigen IgM IgG
(Antygen) n = 17 n = 9 

p100 1 (5.9%) 5 (55.5%)

VlsE 2 (11.8%) 9 (100%)

p41 14 (82.3%) 9 (100%)

p39 3 (17.6%) 6 (66.7%)

OspA 2 (11.8%) 0

OspC 15 (88.2%) 2 (22.2%)

p41/iG 12 (70.6%) 7 (77.8%) 

p41/iA 11 (64.7%) 7 (77.8%)

p18 (DbpA) 0 5 (55.5%)

Table 4. Number of antigens recognized by specific IgM
and IgG antibodies present in the serum samples

Tabela 4. Liczba antigenów wykrytych za pomocą prze−
ciwciał dla IgM and IgG obecne w próbkach surowicy

No. of antigens IgM IgG
(Liczba antygenów) n = 17 n = 9 

1 1 (5.9%) 0

2 3 (17.6%) 0

3 4 (23.5%) 2 (22.2%)

4 6 (35.3%) 2 (22.2%)

5 1 (5.9%) 0

6 2 (11.8%) 0

7 0 4 (44.4%)

8 0 1 (11.1%)



two cases of the study [23]. Moreover, it cannot be
also excluded that these two subjects, although
they had claimed not to have been treated with
antibiotics, might have been treated for another
infection. Patients who received inadequate antibi−
otic therapy early in the disease may have an abro−
gated IgM to IgG switch [27]. 

Although in rare cases the presence of IgM
antibodies against specific borrelial antigens
together with clinical symptoms may indicate
Lyme arthritis, it is mostly the IgG class of specif−
ic antibodies with or without accompanying IgM
antibodies that indicates joint involvement in the
course of Lyme disease. Patients with Lyme arthri−
tis usually have IgG antibodies to a broad spec−
trum of antigens, whereas a negative IgG result
argues against late Lyme disease [27]. In the pre−
sent study about 14% of the samples showed IgG
response against at least three borrelial antigens,
i.e. p18, p39, and p100, that are particularly reli−
able markers for late manifestations of Lyme dis−
ease. Moreover, all IgG−positive sera presented
reactivity with VlsE antigen, which is the most
sensitive protein for IgG antibody detection in all
stages of Lyme disease, reacting with more than
90% of patients’ samples [6]. VlsE, a 35−kDa sur−
face−exposed lipoprotein, is highly immunogenic
and conserved among B. burgdorferi sensu lato
species and causes a broad reactivity during infec−
tion [1, 13, 15]. About 87% of patients with early
infection show IgG against this antigen, but the
antigen also often accompanies the immune res−
ponse in late manifestations of Lyme disease [1, 13].
In the present study the IgG immune response
against VlsE was predominantly accompanied by
flagellar proteins, which is in accordance with the
study by Panelius et al. [17] in which 86% of
serum samples from Lyme arthritis patients react−
ed with one to three recombinant flagellar antigens
of B. burgdorferi sensu lato species. Moreover,

according to Lawrence et al. [13], as many as
about 90% of patients with Lyme arthritis showed
antibodies against VlsE, in contrast to no patient
with non−borrelial arthritis. Additionally, antibod−
ies to VlsE antigen wane rapidly after antibiotic
treatment, making them also good indicators of
successful treatment [20]. Besides that, p39, p100,
and p18 (DbpA) antigens were the most frequent−
ly recognized by IgG antibodies in the present
study. Decorin−binding protein A (p18, DbpA,
17 kDa) is responsible for binding the spirochetes to
the host collagen−associated proteoglycan decorin
and seems to be a sensitive and specific antigen for
the serodiagnosis of disseminated Lyme disease,
as seropositivity to the protein is as high as 85% in
patients with late borreliosis [8]. The second anti−
gen, p39 (BmpA), is less useful in the serodiagno−
sis of Lyme disease because of genetic and anti−
genic differences among B. burgdorferi sensu lato
species [1, 6]. However, Goettner et al. [6] showed
IgG reactivity against recombinant DbpA, p100,
and VlsE antigens in 100%, p41 in 80%, and OspC
and p39 in 60% of serum samples of European
patients with Lyme arthritis.

Considering all the data, the fact that arthral−
gia was the predominant disorder experienced by
the examined individuals, as well as the fact that
they had never been treated for Lyme disease, the
results of the study allow the assumption that all
the nine subjects with IgG or IgG and IgM
immune response presented active Lyme arthritis.
The study demonstrated that arthralgia should be
diagnosed paying special attention to Lyme dis−
ease and that Western blot analysis of specific to
B. burgdorferi sensu lato antigens seems to be
a useful diagnostic tool for evaluating arthritis
caused by Borreliae. Serodiagnosis of Lyme dis−
ease should be considered a supplemental assay in
individuals with arthralgia, at least among subjects
with a history of tick bite.
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