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Abstract OspC and Ospl7 are immunodominant pro-
teins of Borrelia burgdorferi eliciting a clear humoral
immune response in adult patients with systemic Lyme
disease. In this study, the cellular immune response to
B. burgdorferi and the major outer surface proteins
OspC and Ospl7 was investigated in children during the
course of early disseminated B. burgdorferi infection.
Lymphoproliferative responses to recombinant proteins
were compared to the protein-specific humoral immune
reaction. OspC induced a clear antibody response but
elicited an even stronger cellular immune response. In
contrast, a cellular as well as humoral immune reaction
to Ospl7 was only rarely detected. Follow-up examin-
ations demonstrated that the lymphoproliferative re-
sponse to B. burgdorferi and OspC persisted for several
months after antibiotic therapy. Here, we show that in
early disseminated Lyme disease of childhood, OspC is a
potent antigen influencing both the humoral and cellular
immunity, while Ospl7 plays only a minor role in im-
mune activation.
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Introduction

Lyme borreliosis is a multisystemic disease caused by
Borrelia burgdorferi. In Europe, three species are known
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to be pathogenic for humans: B. burgdorferi sensu
stricto, B. afzelii and B. garinii [1, 5, 34]. Primary con-
tact with B. burgdorferi may lead either to erythema
migrans (EM), which represents a localized infection
(stage I), or may progress to early disseminated infec-
tion (stage II) with involvement of the skin (multiple
EM, Borrelia lymphocytoma) [24], central nervous sys-
tem (CNS) (facial palsy, aseptic meningitis, meningop-
olyradiculitis), joints (acute Lyme arthritis) and heart
(myocarditis). Late stage disease (stage III) that is rarely
seen in pediatric patients is characterized by chronic
B. burgdorferi infection of the skin (acrodermatitis
chronica atrophicans), joints (chronic Lyme arthritis) or
CNS (encephalopathy, encephalomyelitis) [6]. The di-
agnosis of Lyme borreliosis is confirmed by serology in
stage I and III disease. Borrelia-specific antibodies are
found in only 20-50% of patients with EM (stage I),
whereas in stage II and III disease, antibodies are
demonstrated in 70-90% and 90-100% of cases,
respectively [32]. Although in animal models a protec-
tive effect of Borrelia-specific antibodies could clearly be
demonstrated [2, 29], systemic stages of disease may
develop in the presence of a vigorous humoral immune
response. Thus, the cellular immune response may play
a particularly important role in the pathogenesis of
Lyme disease. An increased cellular reactivity measured
by lymphoproliferation or reactivity of T cell lines and
clones to Borrelia spirochetes has been demonstrated in
adult patients with various cutaneous manifestations,
neuroborreliosis and Lyme arthritis [3, 4, 8, 10, 25, 26,
41] as well as in children with Lyme arthritis [17]. As
lymphoproliferative studies revealed a large variability
of T cell responses in seropositive and seronegative
patients, lymphoproliferation had been assessed to in-
dividual borrelial proteins such as outer surface protein
A (OspA), OspB, p4l, p55/58 and p66 in adult patients
with Lyme arthritis [19, 21, 22, 41]. So far, attempts to
associate the cellular immune response to certain Borr-
elia proteins with particular manifestations of Lyme
disease have not been convincing. To which extent
borrelial proteins elicit a cellular immune response in
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comparison to the humoral immune response has not
yet been investigated. Furthermore, only few data exist
on the immune reaction to B. burgdorferi in primary
Borrelia infection in childhood [17].

In this study, we were interested in examining the
cellular immune response to B. burgdorferi spirochetes
and the two outer surface proteins OspC [35] and Ospl7
[18] in children with early disseminated Lyme borrelio-
sis. Cellular immune responses measured by lympho-
proliferation were compared to humoral immune
responses assayed by immunoblot testing. Both Osps are
immunodominant proteins eliciting a strong humoral
immune response in adult patients with systemic Lyme
disease [15, 37, 40]. OspC expressed during primary in-
fection is the immunodominant protein of the early
humoral immune response (preferentially IgM antibod-
ies), whereas Ospl7 is expressed predominantly during
late stages of disease eliciting preferentially IgG anti-
bodies in only some of the patients with stage II, but
regularly in patients with stage III manifestations [15,
40]. While the serological response to OspC and Ospl7
has been well defined in adult patients, only little is
known in pediatric patients. Furthermore, in children it
is unclear to which extent OspC and Ospl7 induce a
cellular immune response during the natural course of
primary B. burgdorferi infection and whether protein-
specific T cell reactivity is maintained during the course
of disease.

Material and methods

Patients
Study group

Between May 1997 and December 1999, 28 children with Lyme
borreliosis stage II were enrolled at the Children’s Hospital of the
Ludwig-Maximilians-University in Munich. Of these children, 15
were diagnosed with acute neuroborreliosis based on cerebrospinal
fluid (CSF) pleocytosis and Borrelia-specific antibodies (see se-
rology). Six children were diagnosed with Lyme arthritis of the
knee (n=4), ankle (n=1) and elbow (n=1). Seven children de-
veloped cutaneous manifestations such as Borrelia lymphocytoma
on the ear (n=2), breast areola (n=2), cheek (n=1) and neck
(n=1) or multiple EM (n=1) (Table 1). The mean age was
8.5 years. A tick bite was recalled in 11 children. The diagnosis
and treatment of Lyme borreliosis was established according to
the guidelines of the German pediatric society of infectious dis-
eases [6]. After informed consent was obtained, blood was drawn
for the assessment of humoral and cellular immune responses and
before antibiotic therapy was initiated. In 10 children, the humoral
and cellular immune responses to B. burgdorferi was reexamined
between 2 and 6 months (mean 3 months) after successful anti-
biotic treatment.

Control group

As controls, 16 children (8 girls and 8 boys) aged 1-12 years (mean
8.2 years) were enrolled. Ten children were healthy, 1 child had an
unspecific febrile illness, 2 children had hepatitis C, 1 child had
arthritis of the right knee and 2 children had idiopathic facial palsy.
Borrelia serology was negative in all children. Additionally, a
Borrelia-specific PCR in the joint fluid was negative in the child

with gonarthritis and there were no Borrelia-specific antibodies in
the CSF of the 2 children with facial palsy.

Serology

Serological analysis was performed by screening antibodies against
B. burgdorferi in a commercially available enzyme-linked immu-
nosorbent assay (ELISA) (Dade-Behring, Marburg, Germany)
and a standard indirect immunofluorescence assay (IFA) as de-
scribed previously [36]. In both assays, B. burgdorferi strain PKo
served as antigen. Preabsorption with Treponema phagedenis was
used to avoid false-positive results. Test results were considered
positive when an absorbance of >0.5 for ELISA IgM, =10 U/ml
for ELISA IgG and >1:32 for IFA IgM and IgG were measured.
Borderline or positive serological results were confirmed by im-
munoblot assays with the recombinant Borrelia proteins OspC,
Ospl7, p39, internal fragment of p4l, p58 and pl100 [40]. Ex-
pression and purification of recombinant proteins were performed
as previously described [18, 40]. In all children, diagnosis of Lyme
disease was confirmed by either positive IgG and/or IgM anti-
bodies against B. burgdorferi. In patients with neuroborreliosis,
intrathecal antibody production against B. burgdorferi (CSF/se-
rum index) was determined as previously described [33]. A CSF/
serum index of >2.0 was considered positive. In 11 of 15 children
with neuroborreliosis, B. burgdorferi-specific antibodies were de-
tected in the CSF. Due to limited amounts of CSF, intrathecal
synthesis of these antibodies could only be confirmed by a positive
CSF/serum index in 4 of 11 children. In 1 of 3 children without
CSF antibodies, a positive B. burgdorferi polymerase chain reac-
tion (PCR) in the CSF confirmed the diagnosis of neuroborreliosis
in the absence of intrathecal antibody synthesis. In 2 other chil-
dren, who were negative for B. burgdorferi-specific antibodies in
the CSF, and in 1 child, in whom no CSF could be examined, the
diagnosis of neuroborreliosis was established by typical clinical
manifestations and positive serum IgM titers. Additionally, 1 of
these children had a clinical manifestation of EM. In children with
Lyme arthritis, the diagnosis was based on the evidence of positive
serum antibodies. A joint puncture was not clinically indicated in
any of the children.

Lymphoproliferative assays

Lymphoproliferative assays were performed on heparinized blood
as previously described [13]. Peripheral blood mononuclear cells
(PBMC) were isolated by Ficoll-Hypaque density gradient centrif-
ugation (Pharmacia, Piscataway, NJ) and plated out at 5x10* cells/
well in RPMI 1640, containing 4 mM L-glutamine, 25 mM HEPES
buffer, 50 U/ml penicillin, 50 pg/ml streptomycin (Whittaker,
Walkersville, MD) and 10% autologous heat-inactivated serum.
After primary experiments to establish optimal antigen concentra-
tions had been performed, T cell cultures were stimulated in du-
plicates with either lysate of whole, sonicated B. afzelii spirochetes
(strain PKo) at 10 pg protein/ml, lysates of whole B. garinii spiro-
chetes (strain PBi) at 10 pg protein/ml, or recombinant OspC and
Ospl7 of B. afzelii (strain PKo) [18, 37], both at 50 pg protein/ml.
Both recombinant proteins were the same as used in immunoblots.
As controls, PBMC were incubated with medium alone and with
tetanus toxoid (TT) at 12.5 Lf/ml (kindly provided by Dr. Hun-

erer, Dade-Behring, Marburg, Germany). After 5 days,
[H]thymidine was added to the wells and T cell proliferation was
measured by incorporation of [*HJthymidine after 18 h. Prolifera-
tion is indicated as mean cpm measured in the presence of antigen
minus mean cpm with no antigen present (A cpm). Lymphoprolif-
eration was only considered significant when cpm was less than 500
in the condition without antigen and A cpm was greater than 1,000.

Approval of the study

This study has been approved by the ethical committee of the
Ludwigs-Maximilians-University, Munich, Germany.
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Table 1 Clinical characteristics of patients with Lyme borreliosis stage 11 (/F4 immunofluorescence assay, EM erythema migrans, Cefo
Cefotaxime, Ceftr Ceftriaxone, Cefur Cefuroxime-Axetil, Amox Amoxicilline, Doxy Doxycycline, Erythro Erythromycin)

Patient Age Sex Diagnosis B. burgdorferi B. burgdorferi CSF/  Antibiotic
(years) ELISA ELISA serum therapy and
duration
Range 13 F/15M IgM IgG IgM 1gG 1gG
(3-14) in in index
serum CSF
1 3 F Facial palsy® 0.342 Negative  Reactive Negative ~ ND Cefo 14 days
2 5 F Facial palsy + EM 1.399 Negative  Reactive Negative  nd Ceftr 12 days
3 7 F Facial palsy 0.656 10 nd nd nd Ceftr 14 days
4 8 M Facial palsy + EM 0.679 17 Negative  Negative  nd Cefo 14 days,
Ceftr 6 days
5 9 F Facial palsy 1.022 15 Reactive Reactive 5.1 Cefo 14 days
6 10 M Facial palsy Negative  Negative  Reactive Negative  nd Cefo 14 days
7 11 M Facial palsy 0.839 Negative  Negative  Negative  nd Cefo 8 days,
Ceftr 18 days
8" 6 M Aseptic meningitis 0.887 67 Reactive®  Reactive 5.4 Cefo 10 days,
Cefur 4 days
9 8 F Aseptic meningitis 0.412 Negative  Negative  Negative  nd Ceftr 21 days
10? 8 M Aseptic meningitis 1.369 Negative  Reactive Reactive nd Cefo 9 days,
Ceftr 4 days
11 10 F Aseptic meningitis 0.377 >250 Reactive®  Reactive nd Ceftr 14 days
12* 13 F Aseptic meningitis 2.062 6 Reactive Reactive  nd Ceftr 14 days
13 9 M Bannwarth syndrome Negative  Negative Negative  Reactive 18.1 Ceftr 14 days
14* 9 F Bannwarth syndrome 0.551 Negative  Reactive Negative!  35.8Y  Cefo 5 days,
Ceftr 7 days
15 10 M Bannwarth syndrome + 1.748 Negative  Reactive Negative  nd Ceftr 12 days
EM
16 9 M Lyme arthritis 0.590 >410 Cefur 5 days,
Ceftr 12 days
17 9 M Lyme arthritis Negative 210 Amox 21 days
18* 10 M Lyme arthritis Negative  >480 Ceftr 10 days
19 11 M Lyme arthritis 0.368 > 280 Amox 28 d
20 12 M Lyme arthritis Negative  >290 Ceftr 14 days
21 14 F Lyme arthritis Negative  >520 Doxy 35 days,
Ceftr 33 days
22 5 M Multiple EM 2.646 12 Amox 21 days
23% 5 M Lymphocytoma Negative 10 Amox 21 days
24* 5 F Lymphocytoma Negative  >350 Erythro 7 days,
Amox 21 days
25 8 F Lymphocytoma Negative 135 Cefur 28 days
26 9 F Lymphocytoma Negative 63 Cefur 14 days
27 10 M Lymphocytoma 0.691 23 Amox 21 days
28 8 F Lymphocytoma Negative 250 Amox 10 days,

Cefur 53 days,
Ceftr 14 days

#Reexamination after 2-6 months
®B. burgdorferi-specific PCR in the positive CSF (B. garinii)
“Oligoclonal bands in positive CSF

9Borrelia-specific CSF IgG antibodies in IFA were 1:8, CSF/serum index calculated with IFA titers

Statistics

Statistical analysis was performed with the Mann-Whitney Test.

Results

Immune response to B. burgdorferi lysate antigens
and TT

The lymphoproliferation to lysate antigens of B. afzelii
and B. garinii in 28 children with early disseminated
Lyme borreliosis were compared to 16 age-matched

seronegative controls. In preceding experiments, we
demonstrated by flow cytometry that after 6 days of
antigenic stimulation, 50-60% of PBMC were CD4" T
lymphocytes, 15-25% were CD8 " T lymphocytes and
10-20% were B lymphocytes (data not shown). The
mean lymphoproliferation to B. afzelii and B. garinii
differed significantly between Lyme patients and con-
trols (Table 2). However, there were few individuals
with Lyme borreliosis, who showed only a weak cellular
immune response to the lysate antigens and vice versa,
few controls displayed a significant reaction to the lysate
antigens (Fig. 1). As a control antigen, the recall antigen
TT was used. All patients and controls had a history of
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Table 2 Lymphoproliferation to borrelial antigens and TT (4b antibody, 7T tetanus toxoid)

Antigen Immunoblot Lyme Controls Mean lymphoproliferation

borreliosis patients

patients (samples) Lyme borreliosis Controls P

(samples) (A cpm £+ SD) (A cpm £+ SD)
B. garinii 28 (37) 14 (14) 19,950 + 14,864 5,979 +5,526 0.001
B. afzelii 28 (39) 16 (16) 19,946 + 15,132 10,878 £10,126 0.03
OspC OspC Ab positive or negative 28 (39) 16 (16) 3,822 +3,372 1,566 £ 1,591 0.002
OspC OspC Ab positive 12 (17) 16 (16) 4,944+4,123 1,566 £ 1,591 0.006
OspC OspC Ab negative 16 (22) 16 (16) 2,866 +2,190 1,566 + 1,591 0.04
Ospl7 Ospl7 Ab positive or negative 25 (31) 13 (13) 251+463 68+178 0.07
Ospl7 Ospl7 Ab positive 6 (8) 13 (13) 260+ 573 68178 0.07
Ospl7 Ospl7 Ab negative 19 (23) 13 (13) 247+417 68 £178 0.09
TT 27 (36) 16 (16) 17,305+3,782 13,909 + 1,600 0.29

TT vaccination. As expected, there were no significant
differences in the lymphoproliferative response to TT
(Table 2, Fig. 1).

Immune response to OspC and Ospl7

The cellular immune response to OspC and Ospl7 was
examined in 28 children with Lyme disease and com-
pared to 16 controls. The mean lymphoproliferation to
OspC was significantly increased in children with Lyme
disease. This difference was still observed when the
group of Lyme patients was divided into OspC anti-
body-positive and OspC antibody-negative individuals,
although there was a stronger lymphoproliferative re-
sponse to OspC in the OspC antibody-positive individ-
uals (Table 2). In contrast to OspC, significant
lymphoproliferation to Ospl7 was rarely detected. The
mean Ospl7-specific proliferation of all examined sam-
ples did not differ significantly between Lyme patients
and controls (Table 2). In 25 Lyme patients and 13
controls, lymphoproliferative responses could be as-
sessed to both Ospl17 and OspC. While OspC appeared

Fig. 1 Lymphoproliferation to Borrelia garinii, B. afzelii and TT.
PBMC of children with acute systemic Lyme borreliosis (black
circles) and controls (white circles) were stimulated with lysate
antigens of B. burgdorferi or TT for 6 days. Proliferation was
measured by [*H]thymidine incorporation. The mean proliferation
to B. burgdorferi, but not to TT, differed significantly between
patients and controls (see Table 2) (7T tetanus toxoid, PBMC
peripheral blood mononuclear cells)

as an immunodominant antigen inducing a strong cel-
lular immune response in 21 of 25 patients, only 3 of 21
patients also reacted to Ospl7. In 4 of 25 patients, no
lymphoproliferation was observed to either OspC or
Ospl7. No patient showed a lymphoproliferative re-
sponse to only Ospl7 (Fig. 2).

In each individual, the cellular immune response to
OspC and Ospl7 was compared to the humoral immune
response. Of the 28 Lyme disease patients 12 (43%) had
OspC-specific antibodies, with IgM antibodies in 8 pa-
tients, IgG antibodies in 2 patients, and IgM and IgG
antibodies in 2 patients. These children were diagnosed
with multiple EM (patient 22), borrelia lymphocytoma
(patients 24 and 27), facial palsy (patients 2 and 4),
aseptic meningitis (patients 10 and 12), meningopo-
lyradiculitis (patient 15) and acute Lyme arthritis
(patients 16, 19, 20 and 21). OspC-specific lymphopro-
liferation was observed in 11 of 12 OspC antibody-
positive patients and in 13 of 16 OspC antibody-negative
patients, indicating that OspC is eliciting not only a
humoral but an even stronger cellular immune response
(Table 3). Reactivity to Ospl7 was clearly reduced in
comparison to OspC. Of 25 patients, 6 (24%) had
Ospl7-specific IgG antibodies. These children were di-
agnosed with borrelia lymphocytoma (patients 27 and
28), multiple EM (patient 22), aseptic meningitis (patient
11) and acute Lyme arthritis (patients 16 and 18). OspC-
and Ospl7-specific antibodies were only present in three
patients (patients 16, 22 and 27). Ospl7-specific lym-
phoproliferation was observed in only 1 of 6 children
with Ospl7 antibodies (patient 28) and in 2 of 19
children without Ospl7 antibodies (patients 9 and 12)
(Table 3).
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Fig. 2 Lymphoproliferation to OspC and Ospl7. PBMC of
children with acute systemic Lyme borreliosis (black circles) and
controls (white circles) were stimulated with recombinant OspC and
Ospl7 for 6 days. Proliferation was measured by [*H]thymidine
incorporation. A cellular immune response to OspC was observed
in 21 of 25 patients, but only 3 of 21 patients reacted also to Osp17.
A weak lymphoproliferative response to OspC but not to Ospl7
was observed in 5 of 13 controls

Table 3 Humoral and cellular immune response to OspC and
Ospl7. Twenty-eight children with Lyme borreliosis were examined
for OspC-specific and 25 for Ospl7-specific immune responses.
Antibodies to OspC and Ospl7 were tested by immunoblot anal-
ysis. Lymphoproliferation was assessed after 6 days of antigenic
stimulation by [*H]thymidine incorporation

Antigen  Lymphoproliferation Lymphoproliferation
in antibody-positive in antibody-negative
patients patients
Positive Negative Positive Negative
(%) (") (%) (o)

OspC 11/12 (91.2) 1/12 (8.3) 13/16 (81.2)  3/16 (18.8)

Ospl7 1/6 (16.7) 5/6 (83.3) 2/19 (10.5) 17/19 (89.5)

Cellular and humoral immune responses
to B. burgdorferi after antibiotic therapy

In 10 children, the cellular and humoral immune re-
sponses to B. burgdorferi were tested after 2—6 months.
Clinically, all children had recovered completely after
antibiotic treatment. There were no significant changes
of preexisting IgG titers in 4 children (patients 8, 18, 24
and 28). Three children showed a persistence of high
level IgM titers in the absence of IgG seroconversion
(patients 3, 12 14). Another 3 children were completely
seronegative at follow-up with a loss of IgM titers and
no IgG seroconversion (patients 7 and 10) and a loss of
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initially low IgG titers (patient 23). As a loss of initially
positive B. burgdorferi-specific antibody titers, particu-
larly in patients with successful antibiotic treatment, had
been described earlier [7, 32], we wanted to determine
whether the cellular immune responses to B. burgdorferi
had been maintained during the course of disease. Thus,
the lymphoproliferation to B. burgdorferi antigens and
TT was assessed. As it is shown in Fig. 3, lymphopro-
liferative responses to B. afzelii persisted in all but one
patient (Fig. 3A). Lymphoproliferative responses to
OspC were initially observed in 6 of 10 patients, al-
though an antibody response to OspC was present in
only 3 children; at follow-up a persistence of reactivity
was seen in all these patients. Additionally, 2 other
children without OspC-specific lymphoproliferation at
the time of diagnosis had developed lymphoproliferative
responses to OspC in the absence of OspC-specific an-
tibodies at follow-up (Fig. 3B). Lymphoproliferative
responses to TT were maintained in all children
(Fig. 3C).

Discussion

After primary B. burgdorferi infection systemic Lyme
disease may develop despite a clear humoral immune
response suggesting that other mechanisms of the im-
mune defense such as the cellular immune response play
an important role in the manifestation of disease. In this
study, we therefore characterized the cellular immune
response to B. burgdorferi and its outer surface proteins
OspC and Ospl7 in children with early disseminated
Lyme borreliosis.

Lymphoproliferation to lysate antigens

Lysate preparations of B. afzelii and B. garinii were
chosen as these two species of B. burgdorferi sensu lato
have been isolated most frequently from European
patients [1, 5, 32, 38]. The mean lymphoproliferation to
these lysate antigens was increased in children with
early disseminated Lyme borreliosis in comparison
to seronegative controls. Similar results have been
observed by others. Significant differences in the
B. burgdorferi-specific lymphoproliferation were dem-
onstrated between adult patients with Lyme disease
and seronegative controls [10, 21]. Additionally, in
pediatric patients with Lyme arthritis, an increased T
cell reactivity to B. burgdorferi whole cell lysate antigen
was shown [17]. However, a weak to moderate
lymphoproliferative response to B. burgdorferi in some
seronegative controls has been observed in this study
and by others [28, 43]. This might be explained by
usage of whole or sonicated B. burgdorferi spirochetes,
which contain certain antigens such as heat-shock
proteins that share cross-reactive epitopes with antigens
of other bacteria [14].
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Fig. 3 Lymphoproliferation to B. afzelii, OspC and TT before and
after antibiotic therapy. PBMC of ten children with Lyme disease
stage II were stimulated with B. afzelii, OspC and TT before
initiation of antibiotic treatment and between 2 and 6 months after
completed therapy. A A persistence or mild decrease of B. burg-
dorferi-specific antibody titers was observed in seven children
(black circles), while a complete loss of B. burgdorferi-specific
antibodies was demonstrated in three children (white circles).
B Three patients had OspC-specific antibodies (black circles) and
seven patients had no OspC-specific antibodies in immunoblot
testing (white circles). Six children showed a significant lympho-
proliferation to OspC at the time of diagnosis, additional two
children developed lymphoproliferative responses to OspC after
treatment. C The lymphoproliferation to TT appeared to be
unaffected by antibiotic therapy

Cellular and humoral immune response
to recombinant outer surface proteins

As lymphoproliferation to borrelial lysate antigens was
also observed in seronegative individuals, it was of in-
terest to examine the lymphoproliferative response to
single borrelia proteins. While in the past extensive
studies have focused on T cell recognition of OspA
predominantly in patients with Lyme arthritis [19, 21,
22, 41], lymphoproliferation to OspC and Ospl7 have
not been examined so far. This may be explained in part
by the fact that initially OspA was considered a primary
vaccine candidate [31] but also by the fact that recom-
binant OspC and especially Ospl7 became available at
considerably later time points. Meanwhile, it has been
shown that OspC is also an effective vaccine in the an-
imal model [27] and that immune serum against OspC
has a therapeutic effect on the resolution of Lyme ar-
thritis in SCID mice [42]. Furthermore, a recombinant
vaccine based on OspC is currently being developed
industrially. As OspC is up-regulated and OspA is
down-regulated during the bloodmeal of the tick [11,
30], OspC-expressing borrelia spirochetes infect the host,
thus leading to a primary humoral immune response
directed predominantly to OspC [12, 15, 32, 37]. In our
study, 10 of 28 children (35.7%) had OspC-specific IgM
antibodies and 4 of 28 children (14.3%) had OspC-
specific IgG antibodies. These frequencies are almost
equally observed in adult patients with acute neuro-
borreliosis, where 27% have IgM antibodies and 17%
have IgG antibodies to OspC [15]. Moreover, in our
study OspC not only induced a clear humoral immune
response but also elicited an even stronger cellular im-
mune response. In Lyme patients, 91% of those with

OspC antibodies and 75% of those without OspC anti-
bodies showed a significant lymphoproliferation to
OspC. This characterizes OspC as a potent stimulus
eliciting a cellular immune response.

In contrast to OspC, a humoral immune response to
Ospl7 was less frequently detected during early dis-
seminated infection [15, 40]. Moreover, Ospl7 did not
induce a relevant lymphoproliferative response in our
pediatric patients. Only 27% of adult patients with stage
IT disease, but 95% of patients with stage III disease,
were seropositive for Ospl7 in the conventional immu-
noblot [15]; similar data were subsequently obtained for
the recombinant Ospl7-immunoblot [40]. In analogy to
the findings in adult patients, 24% of our children had
Ospl7-specific antibodies. Since Ospl7-specific anti-
bodies are predominantly detected during late stages of
the disease, it appears that Ospl7 is up-regulated during
infection in the mammal host. Overall, in pediatric pa-
tients with early disseminated Lyme borreliosis, Ospl7
appeared as a weak stimulus for T cell proliferation with
lymphoproliferation in only 12% of examined children.

The recombinant proteins OspC and Ospl7 were
cloned from B. afzelii, strain PKo, as this is one of the
best characterized strains of our laboratory. An assess-
ment of the immune response to recombinant OspC and
Ospl7 derived from other European strains was not
possible due to the limited amount of blood that was
drawn from children. As a significant heterogeneity has
been described for OspC in European strains [35, 38, 39],
one might reason that in this study an immune response
to OspC and/or Ospl7 was detected only in patients
with B. afzelii infection. However, concerning OspC, we
found that the IgM response is primarily directed
against conserved epitopes [37], a finding confirmed also
by Mathiesen et al. [23]. For Ospl7, in can not be ruled
out that heterogeneity may play a greater role compared
to OspC. In our study, all patients, who showed a
lymphoproliferative response to whole cell lysate of
B. afzelii also recognized B. garinii.

Persistence of the immune response
after antibiotic treatment

Lymphoproliferation and antibody response were ex-
amined during the course of infection in ten children. A
long persistence of IgM antibodies accompanied by a
late seroconversion to IgG, as observed in three of ten



patients, has also been described by others [7]. Early
antibiotic therapy may critically influence the develop-
ment of humoral immune responses, as demonstrated in
three of our children who showed lack of IgG serocon-
version with a loss of IgM antibodies. This has been
observed previously in patients with antibiotic treatment
that had been given during the early course of infection
[7, 9]. 1t is likely that these patients are susceptible for
reinfection. While the humoral immune response is ob-
viously influenced by early antibiotic therapy, few data
exist indicating that the cellular immune response seems
to be unaffected [10, 17]. This previously observed phe-
nomenon was confirmed in our study, as lymphoprolif-
erative responses to B. afzelii and OspC at primary
examination had still been maintained several months
later in all but one children. Furthermore, two of four
children without OspC antibodies, who initially did not
show lymphoproliferation to OspC, reacted to OspC at
follow up. That an initially negative T cell response to
B. burgdorferi could still become positive in children
even after antibiotic therapy has also been observed by
others [17]. Our results, however, are in contrast to ob-
servations in adult patients with Lyme arthritis [20] and
EM [16], who showed a decline of the cellular immune
response after antibiotic treatment. This may be ex-
plained by different time intervals between initial and
follow-up examinations. While the control examination
was performed after an average of 3 months in our study
and that by Huppertz et al. [17], in other studies the
control examinations were conducted after more than
6 months [20, 16].

In summary, in this study we were able to demonstrate
that in children with early disseminated Lyme borreliosis
there is a significant lymphoproliferative response not
only to sonicated B. burgdorferi spirochetes but also to
OspC. OspC, but not Ospl7, induced a clear humoral as
well as cellular immune response. Follow-up examina-
tions several months after antibiotic therapy revealed
persistence of the lymphoproliferative response to
B. burgdorferi and OspC. The results of this study cor-
respond to the observation that OspC is predominantly
expressed during acute stages of Lyme borreliosis, while
Osp17 is mainly expressed during late-stage disease.
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