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Lyme borreliosis reinfection: might it be explained by a gender
difference in immune response?
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Introduction

Summary

Lyme borreliosis is a tick-borne disease often manifesting as a circular
skin lesion. This cutaneous form of the disease is known as erythema
migrans. In a 5-year follow-up study in southern Sweden, 31 of 708
individuals initially diagnosed with erythema migrans and treated with
antibiotics were found to be reinfected with Borrelia burgdorferi.
Although men and women were tick-bitten to the same extent, 27 of the
31 reinfected individuals were women, all of whom were over 44 years of
age. The aim of this study was to determine whether this discrepancy in
gender distribution could be a result of differences in immunological
response. Twenty single-infected and 21 reinfected women and 18 single-
infected and three reinfected men were included in the study. None of
the participants showed any sign of an ongoing B. burgdorferi infection,
and thus the habitual response was captured. Lymphocytes were separ-
ated from blood and stimulated with antigens. The secretion of interleu-
kin (IL)-4, IL-6, IL-10, interferon (IFN)-y and tumour necrosis factor
(TNF)-o. was measured by enzyme-linked immunosorbent assay (ELISA),
enzyme-linked immunosorbent spot-forming cell assay (ELISPOT) or
Immulite. No difference was detected in cytokine secretion between
single-infected and reinfected individuals. We also compared the immu-
nological response in men and women, regardless of the number of
B. burgdorferi infections. Women displayed a significantly higher sponta-
neous secretion of all cytokines measured. The ratios of IL-4:IFN-y and
IL-10:TNF-o. were significantly higher in women. Gender differences in
immune reactivity might in part explain the higher incidence of reinfec-
tion in women. The higher IL-4:IFN-y and IL-10:TNF-o ratios seen in
women indicate that postmenopausal women have T helper type 2 (Th2)-
directed reactivity with impaired inflammatory responses which might
inhibit the elimination of spirochetes.

Keywords: cytokine; erythema migrans; gender; Lyme borreliosis; post-
menopausal

found to be reinfected, i.e. had one or several new EM
that required a doctor’s visit and treatment with antibiot-

Lyme borreliosis (LB) is the most common vector-borne
disease in Europe, with over 70% of the cases represented
by the cutaneous form erythema migrans (EM)." Several
studies confirm that reinfections, i.e. new episodes of LB,
can occur in humans.>” In a 5-year follow-up study of
individuals diagnosed with EM and treated with antibiot-
ics in southern Sweden, 31 out of 708 individuals were

224

ics.” Although women and men were tick-bitten to the
same extent, 27 of these 31 individuals were women, and
all of these women were older than 44 years.” This obser-
vation could in part be explained by host immune mech-
anisms acting differently either in women compared with
men, or in reinfected compared with single-infected indi-
viduals. Women are known to display different immune
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responses from men, as strongly indicated by the gender
differences in susceptibility to autoimmune diseases.*’

In terms of the overall distribution of LB there is no
gender difference, but, if age is taken into consideration,
males in the USA aged 5-19 and > 60 years have a higher
incidence than females in the same age groups.'® By con-
trast, in the Swedish population aged > 45 years, more
women than men develop LB.!

The immune response is produced by interactions
between immune cells that, to a large extent, communi-
cate by secretion of cytokines. Tumour necrosis factor
(TNF)-a is a pro-inflammatory cytokine which, for exam-
ple, induces fever, activates endothelial cells and stimu-
lates proliferation of cytotoxic T cells.!" Interleukin (IL)-6
is a pleiotropic cytokine which, for example, initiates pro-
duction of acute-phase proteins'? and elevates B-cell mat-
uration, thus promoting immunoglobulin production.”
IL-6 also induces IL-4 secretion, thereby polarizing
naive T helper (Th) cells to Th2 effector cells.'* IL-10,
in contrast, is a regulatory cytokine with mainly anti-
inflammatory properties, such as reduction of the antigen-
presenting ability of macrophages."

Previous studies have shown that the most favourable
immune response to an infection with Borrelia burgdor-
feri, the spirochete causing LB, is of Thl type with secre-
tion of the cytokine interferon (IFN)-1.'*% It seems
important that this Thl-like response occurs at an early
stage’’ and is accompanied by a pro-inflammatory res-
ponse.”” If, however, the pro-inflammatory response is
lacking and the individual responds with a Th2-type pat-
tern, including secretion of IL-4, the infection is not
cleared as quickly.*"**

The aim of the study was to determine whether host
immune status could explain the increased risk of LB
reinfection in women. To this end, we analysed the habit-
ual (i.e. several years after infection) host immune
response with the enzyme-linked immunosorbent spot-
forming cell assay (ELISPOT), the enzyme-linked immu-
nosorbent assay (ELISA) and Immulite in terms of
cytokine secretion patterns of blood cells in vitro and
compared responses between individuals who were re-
infected with LB and individuals who were single-infected
with LB and also between genders. We also investigated
possible confounding health factors that might have influ-
enced the uneven distribution of reinfection in women
and men.

Materials and methods

Study design and population

This was a case—control study carried out in southern
Sweden based on the 5-year follow up of 708 individuals
diagnosed with EM and treated with antibiotics in 1992.
None of the patients developed late disseminated forms
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of LB but 27 women and four men were reinfected, i.e.
had a new B. burgdorferi infection resulting in an EM that
required a doctor’s visit, during the observation period.’
Inclusion criteria were a description of the clinical
appearance of the EM, an EM lesion size of at least 5 cm
in diameter, a prescription of antibiotics, and information
that the EM was preceded by a probable tick bite.”> Sero-
logical analyses were not performed because of their lim-
ited diagnostic value.>*

Of the reinfected individuals, twenty-two women and
three men participated in the present study, i.e. 81% (25
of 31 patients). They were matched with single-infected
individuals according to gender and age. To each reinfect-
ed woman we matched one single-infected woman, but to
the reinfected men we matched 18 single-infected men
because of the lower number of reinfected men (Fig. 1).
The reinfected individuals had had one or several reinfec-
tions with EM since the initial EM infection in 1992,
whereas the single-infected individuals had not had a new
EM since 1992. A blood sample was drawn from all
participants. The sampling was performed in the period
from the autumn of 2002 until the summer of 2003
at different hospitals and blood was transported to
the University Hospital in Linkoping for analysis within
5 hr.

The participants answered a health questionnaire inclu-
ding questions about medication and diseases (i.e. occur-
rence of chronic disease, immediate hypersensitivity
reactions, cell-mediated immunity reactions, heredity for
autoimmune disease, and heredity for hypersensitivity- or
cell-mediated reactions). If necessary, patients were con-
tacted by phone for complementary information.

Two single-infected women and one reinfected woman
declined to participate in the study; the final group thus
consisted of 21 reinfected women, three reinfected men,
20 single-infected women and 18 single-infected men
(Fig. 1).

Preparation of mononuclear cells

Peripheral blood mononuclear cells were separated from
heparinized blood using gradient centrifugation on
Lymphoprep (Medinor AB, Lidings, Sweden) as pre-
viously described.'® The cells were counted by phase-
contrast microscope and the cell density was adjusted to
1 x 10° lymphocytes/ml.

Antigens

In the ELISPOT assay, cells were stimulated with the fol-
lowing antigens: an outer surface protein-enriched frac-
tion of Borrelia garinii strain Ip90 (OF Ip90),>' which
previously had been proved to discriminate between
healthy and B. burgdorferi-infected individuals,'® in a final
concentration of 10 pg/ml, a purified protein derivate of
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EM 1992

5-year follow up n=708

Reinfected individuals n=31

Single infected individuals n=38
Women =20
Men=18

Figure 1. Schematic illustration of the participant flow.

tuberculin (PPD) in a final concentration of 10 pg/ml
(Statens Serum Institut, Copenhagen, Denmark) and
phytohaemagglutinin (PHA) in a final concentration of
20 pg/ml (Sigma Aldrich, Stockholm, Sweden).

In the ELISA and Immulite assays, the following anti-
gens were used in the primary cell cultures, with final con-
centrations indicated in parentheses: OF Ip90 (10 pg/ml),
peptidoglycan from Staphylococcus aureus (0-01 mg/ml;
Sigma-Aldrich) and PHA (20 pg/ml; Sigma Aldrich).
OFI p90 was included to trigger memory responses of
T cells (IL-4 and IFN-y ELISPOT) or innate immune
responses of mainly monocytes/macrophages (ELISA and
Immulite). PPD was included as an unrelated recall anti-
gen and peptidoglycan as another stimulant of innate
immune responses with different Toll-like receptor signal-
ling pathways.

ELISPOT

The ELISPOT assay used was performed as described in
detail elsewhere.'®'® The plates were coated with the
monoclonal antibodies anti-IFN-y, anti-IL-4 and anti-
IL-10 (Mabtech AB, Nacka, Sweden) diluted in sterile
phosphate-buffered saline (PBS) to a final concentration
of 15 pg/ml. The plates were incubated at 4° overnight
and then frozen at —20°.

The coated plates were thawed at 37° and 100 000
lymphocytes/well were added. The spontaneous secretion
and stimulation procedures were performed in triplicate.
As a negative control, wells were filled with cell culture
medium only (i.e. no cells). The plates were incubated at
37° with 5% CO, and 95% humidity for 48 hr.
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Women =27
Men=4
Lost to follow up
Women=5
Men=1
Single infected individuals n=40 Reinfected individuals n=25
Women =22 < Gender and age Women =22
Men=18 Men=3
Drop out Drop out
Women=2 Women=1

Reinfected individuals n=24
Women =21
Men=3

The plates were developed with paired monoclonal
antibodies anti-IFN-y, anti-IL-4 and anti-IL-10, conju-
gated with biotin (Mabtech AB) diluted in PBS-Tween to
a final concentration of 1 pg/ml, streptavidin conjugated
with alkaline phosphatase (Mabtech AB) diluted 1 : 1000
in PBS-Tween and finally AP Color Development Reagent
NBT and BCIP diluted in AP buffer (AP Conjugate
Substrate Kit; Bio-Rad Laboratories AB, Sundbyberg,
Sweden), with washings between all steps.

The spots were counted by the same person (EY) using
AID EliSpot Reader System version 2-6 (AID, Strassberg,
Germany).

Cell culture for ELISA and Immulite

Lymphocytes were cultured at a cell density of
1 x 10° cells/ml in tissue culture medium (TCM) con-
sisting of Iscove’s modification of Dulbecco’s medium
(Invitrogen, Taby, Sweden) supplemented with 3024 g/l
NaHCOj3, 292 mg/l L-glutamine (Sigma Aldrich), 50 IU/ml
penicillin (In Vitro Sweden AB, Stockholm, Sweden),
50 pg/ml streptomycine (In Vitro), 10 ml/l 100X non-
essential amino acids (Invitrogen) and 5% heat-inacti-
vated fetal bovine serum (Sigma Aldrich) and stimulated
with antigens. The cells were cultured at 37° with 5%
CO; and 95% humidity for 48 hr. The supernatants were
collected after centrifugation and stored at —70°.

ELISA

The ELISA assay for IL-10 detection was performed as
previously described by Jenmalm et al.** The amount of
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substrate converted to product was detected as absorb-
ance at 450 nm in an Anthos htIII ELISA reader (Anthos
Labtec Instruments, Salzburg, Austria). TCM was used
as a negative control and for dilution of samples and
standard.

Values were calculated from the absorbance of the
standard curve after subtracting the negative controls.
The sensitivity limit for quantitative determinations was
3-12 pg/ml.

Immulite

IL-6 and TNF-o were detected using Immulite IL-6 and
Immulite TNF-o (Diagnostic Products Corporation,
Molndal, Sweden), according to the manufacturer’s instruc-
tions. Briefly, granules coated with antibodies directed
towards IL-6 or TNF-o were mixed with the samples. After
washing, alkaline phosphatase-labelled antibodies were
added. Free antibodies were washed away and chemilumi-
nescent reagent was supplied. The reaction between alkaline
phosphatase and the chemiluminescent reagent resulted in
light production, which was measured in the Immulite
Analyzer (Diagnostic Products Corporation).

Values were calculated from a standard curve. The sensi-
tivity limit for quantitative determinations was 5-0 pg/ml
for IL-6 and 1-7 pg/ml for TNF-a.

Statistical methods

When comparing the occurrence of health-related variables
in different groups, we used Fisher’s exact test. From the
triplicate wells in ELISPOT, the median value for the num-
ber of spots was calculated, and for ELISA the mean value
of the duplicate was used. The spontaneous secretion was
subtracted to obtain the antigen-specific induced secretion.
As data were not normally distributed, the non-parametric
Mann—Whitney U-test was used to compare cytokine secre-
tion between groups. To compare the age distribution in
the groups, an independent sample t-test was used.

A P-value of <0-01 was considered significant for the
laboratory and questionnaire data to compensate for
multiple comparisons. However, for the comparison of age
distribution, a P-value of <0-05 was considered significant.

Ethical considerations

The study was approved by the Ethical Committee at the
University of Lund.

Results

The participants

None of the participants showed any sign of an ongoing
B. burgdorferi infection. The mean age of the reinfected
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Table 1. Comparison of the amount (pg/ml) of cytokine secreted by blood mononuclear cells between individuals reinfected or single-infected with Lyme borreliosis, and between men and women

(regardless of number of Borrelia burgdorferi infections), as determined by enzyme-linked immunosorbent assay (ELISA) or Immulite

Women

Men

Single-infected

Reinfected

(Q1, Q3)

Median

(Q1, Q3) n*

Median

P

(Q1, Q3) n*

Median

Stimulation Median (Q1, Q3) n*

Cytokine

Gender difference

0-0001

ns

39
25
38
39

(682, 2560)

1540
12750
12135

20

(7, 1483)

88
15399

ns

36
29
33
36
25
33
36
29
33

1069 (77, 1743)
14550

23
13
22
23

(641, 2590)

1540
17410
15703

Spontaneous

IL-6

(4867, 22020)
(7086, 21327)

(13, 45)

17
17
20
16
17
20
17
17

(9398, 24829)
(5034, 12770)
(<3, 15)

ns

(6893, 22710)
(6092, 13380)

(1, 34)

(7269, 22020)
(6606, 22519)

(7, 41)

Peptidoglycan
OF Ip90

ns

7395

8300

<0-0001*

ns

29
768
227

2
1016

ns

16
1011

25
697

Spontaneous

IL-10

24
38

(345, 1413)
(148, 365)
(83, 177)

(808, 2546)
(67, 336)
(35, 107)

ns

(763, 2476)
(101, 363)
(52, 166)

15
22

(146, 936)

Peptidoglycan
OF Ip90

ns

121

ns

197

(131, 373)
(80, 160)

218

0-0003*

ns

39
25
38

130
1474

ns

97
1349

23

115
2227

Spontaneous

TNF-o

in Lyme borreliosis

(890, 3206)
(439, 1325)

(980, 2976)
(280, 765)

1813

ns

(833, 2390)
(349, 704)

13
22

(1382, 3584)
(621, 1345)

Peptidoglycan
OF Ip90

ns

642

574

ns

537

844

Results are also displayed in Fig. 3.

Values are given as medians and the spread as the first and third quartiles (Q1, Q3). The Mann—-Whitney U-test was used to compare reinfected with single-infected individuals and also to compare

men with women.

*Differences in numbers of individuals are a result of limited sample sizes in some cases.

IL, interleukin; ns, not significant; OF Ip90, outer surface protein-enriched fraction of Borrelia garinii strain Ip90; TNF, tumour necrosis factor.
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women was 68 years (standard deviation (SD) 9-9 years; as anaphylaxis, angioedema or wheal-flare reactions),
range 51-81 years) and that of the single-infected women cell-mediated immunity reactions (i.e. mediated by lym-
was 66 years (SD 9-6 years; range 53—85 years). The mean phocytes and lymphokines such as allergic contact der-
age of the reinfected men was 58 years (SD 22 years; matitis and delayed hypersensitivity reactions), heredity
range 43-84 years) and that of the single-infected men for autoimmune disease, heredity for hypersensitivity- or
was 62 years (SD 11 years; range 43—78 years). There was cell-mediated reactions, or the use of naturopathic pre-
no significant difference in age between women and men, parations or drugs generally in comparing reinfected with
between reinfected women and single-infected women, or single-infected individuals and women with men. We also
between reinfected men and single-infected men. compared reinfected women with single-infected women
All except two of the individuals included in this study for the use of drugs containing hormones and age at
had a C-reactive protein (CRP) level below 10 mg/l at the menopause, but no differences were found between the
time of blood sampling. CRP was slightly elevated two groups. All women except one (in the reinfected
(12 mg/l) in one of the reinfected women and in one of group) reported that they were in the menopause. Three
the single-infected women (27 mg/l). All individuals were women in the single-infected group and three women in
considered free of any inflammatory process that could the reinfected group were on oestrogen treatment.

have influenced the host immune response results.

Cytokine secretion

The questionnaire . o R
1 When reinfected individuals were compared with single-

In the analysis of the questionnaire, we compared re- infected individuals, no difference was found regarding
infected with single-infected individuals and women with cytokine secretion (Tables 1 and 2). However, when men
men according to their current health status and medica- were compared with women, regardless of numbers of
tion. None of the participants had immunosuppressive times infected with B. burgdorferi, we found that women
therapy. had a higher number of cells spontaneously secreting

We could not find any differences in the history of the IFN-y (P = 0-0005; Fig. 2), IL-4 (P < 0-0001; Fig.2)
occurrence of chronic disease, immediate hypersensiti- and IL-10 (P = 0-0004; Table 2), in analyses with ELI-
vity reactions (i.e. mediated by IgE and mastcells, such SPOT. Women also showed a higher amount of sponta-

Table 2. Comparison of number of cytokine-secreting blood mononuclear cells between individuals reinfected or single-infected with Lyme bor-
reliosis, and between men and women (regardless of number of Borrelia burgdorferi infections), as determined by enzyme-linked immunosorbent
spot-forming cell assay (ELISPOT)

Reinfected Single-infected Men Women
(n =24) (n = 38) (n = 21) (n = 41)
Cytokine  Stimulation Median  (Q1, Q3) Median  (Q1, Q3) P Median (Q1, Q3) Median  (Ql, Q3) P
IFN-y Spontaneous* 110 (58, 222) 102 (21, 169) ns 42 (16, 109) 135 (68, 231) 0.0005F
PHA 824 (348, 1286) 1052 (492, 1204) ns 1143 (1005, 1297) 697 (294, 1178)  0.005%
PPD 10 (=18, 39) 14 (=6, 35) ns 20 (1, 50) 8 (=23, 36) ns
OF Ip90 20 (-8, 58) 12 (=2, 31) ns 12 (5, 26) 19 (=13, 46) ns
IL-4 Spontaneous* 68 (27, 163) 34 (9, 158) ns 17 (7, 24) 112 (36, 243) <0.0001%
PHA 287 (28, 422) 183 (75, 275) ns 177 (130, 266) 238 (11, 426) nsi
PPD -5 (=23, 6) -5 (=15, 4) ns 0 (-8, 6) -9 (=57, 1) ns
OF Ip90 -1 (13, 11) 2 (-4, 7) ns 1 (-3, 4) 0 (-13,17)  ns
1L-10 Spontaneous®* 750 (436-1024) 550 (11 3 813) ns 156 (78, 697) 738 (431, 1006) 0.0004
PHA 244 (62, 425) 263 (44, 729) ns 341 (80, 809) 172 (34, 423) ns
PPD 32 (-18, 105) 65 (4, 266) ns 133 (8, 564) 36 (=19, 104)  ns
OF Ip90 47 (17, 122) 60 (=5,291) ns 145 (32, 656) 45 (=17, 119)  0.009

The spontaneous secretion was subtracted to obtain the specific secretion. Values are given as medians and the spread as the first and third quar-
tiles (Q1, Q3). The Mann—Whitney U-test was used to compare reinfected with single-infected individuals and also to compare men with
women.

*Reinfected, n = 22; single-infected, n = 37; women, n = 38.

tResults are also displayed in Fig. 2.

{Results are also displayed in Fig. 4.

IFN, interferon; ns, not significant; IL, interleukin; PHA, phytohaemagglutinin; PPD, purified protein derivate of tuberculin; OF Ip90, outer sur-
face protein-enriched fraction of Borrelia garinii strain Ip90.
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Figure 2. Number of spontaneously cytokine-secreting cells/100 000
peripheral blood lymphocytes (PBLs) detected by enzyme-linked
immunosorbent spot-forming cell assay (ELISPOT). P-values show
statistically significant differences using the Mann-Whitney U-test.
The median (line), interquartile range (box) and maximum-mini-
mum (whiskers) are marked. IFN, interferon; IL, interleukin.

3251 p-0.0003 Male (n=20)

300f C—Female (n=39)
275f
250

2200 P <0-0001

175
150

TNF-a IL-10

Figure 3. Amount (pg/ml) of cytokine spontaneously secreted from
peripheral blood lymphocytes (PBLs) detected by enzyme-linked
immunosorbent assay (ELISA) [interleukin (IL)-10] or Immulite
[tumour necrosis factor (TNF)-a]. P-values show statistically signifi-
cant differences using the Mann—Whitney U-test. The median (line),
interquartile range (box) and maximum-minimum (whiskers) are
marked.

neous secretion of IL-6 (P = 0-0001; Table 1), IL-10
(P < 0-0001; Fig. 3) and TNF-o (P = 0-0003; Fig. 3)
when measured with ELISA or Immulite. The men dis-
played a higher number of cells responding with IFN-y
secretion (P = 0-005; Fig. 4) when stimulated with PHA
and with IL-10 secretion when stimulated with OFI p90
(P = 0-009; Table 2).

To examine the Th1/Th2 balance, the ratio of cells
spontaneously secreting IL-4 to those spontaneously
secreting IFN-y was calculated, and to assess the pro-
inflammatory/anti-inflammatory balance, the ratio of cells

© 2006 Blackwell Publishing Ltd, /mmunology, 118, 224-232
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2000 m=m Male (n=21)

CFemale (n=41)

[ P=0.005
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1000-.
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Number of cytokine-secreting cells/100 000 PBLs

B 1
800" e, IL-4

Figure 4. Number of phytohaemagglutinin (PHA)-induced cytokine-
secreting cells/100 000 peripheral blood lymphocytes (PBLs) detected
by enzyme-linked immunosorbent spot-forming cell assay (ELISPOT).
Values are net values, where the number of spontaneously cytokine-
secreting cells has been subtracted. P-values show statistically signifi-
cant differences using the Mann-Whitney U-test. The median (line),
interquartile range (box) and maximum-minimum (whiskers) are
marked. IFN, interferon; IL, interleukin.

50l P=0002 _

4.0t

2.0

1.0t

0-0f 1

Male (n=21) Female (n=38)

Figure 5. Ratio of the number of spontaneously IL-4 to IFN-y-
secreting cells/100 000 peripheral blood lymphocytes (PBLs) detected
by enzyme-linked immunosorbent spot-forming cell assay (ELI-
SPOT). P-values show statistically significant differences using the
Mann-Whitney U-test. The median (line), interquartile range (box)
and maximum-minimum (whiskers) are marked.

spontaneously secreting IL-10 to those spontaneously
secreting TNF-o. was calculated. The women had signifi-
cantly higher ratios than the men regarding spontaneous
secretion for both IL-4/IFN-y (P = 0-002; Fig. 5) and
IL-10/TNF-o (P < 0-0001; Fig. 6).

Discussion

We investigated the immune response in individuals who,
during a 5-year period (1993-1998), were reinfected with
LB and developed EM, and compared these individuals
with those who, during the same period, were only infec-
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1.0} P<0.0001 — —

0-8r
0-6F
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0-2}

N

Male (n=20) Female (n=39)

0-0k

Figure 6. Ratio of the amount (pg/ml) of IL-10 to IFN-o spontan-
eously secreted from peripheral blood lymphocytes (PBLs) detected
by enzyme-linked immunosorbent assay (ELISA) [interleukin (IL)-
10] or Immulite [tumour necrosis factor (TNF)-o. P-values show
statistically significant differences using the Mann-Whitney U-test.
The median (line), interquartile range (box) and maximum-mini-
mum (whiskers) are marked.

ted once. The reinfected and single-infected individuals
were matched according to gender and age. None of the
participants showed any sign of an ongoing B. burgdorferi
infection at the time of this study. Mononuclear cells
were stimulated in vitro with Borrelia antigen, the recall
antigen PPD, the mitogen PHA and the bacterial cell wall
component peptidoglycan. Cytokine secretion was meas-
ured with ELISPOT as number of cytokine-secreting cells
and with ELISA or Immulite as concentration of cytokine.
The cytokines were chosen to represent both innate and
adaptive levels of the immune response. In addition, we
also studied possible confounding health factors.

We did not find a difference in the immunological
response or in the confounding health factors between
reinfected and single-infected individuals. Given that the
reinfected group consisted primarily of women, we also
compared men with women, regardless of number of
B. burgdorferi infections, to explore whether there were
differences in immune responses between men and
women that could explain why mainly women were re-
infected. No difference was detected in the use of medica-
tion or health status between men and women. The latter
is surprising as it is known that, for example, women to a
greater extent than men suffer from autoimmune dis-
eases.” The sample size in our study might have been too
small to detect these differences in occurrence of uncom-
mon disease. However, for the immunological response
there were major differences between men and women.
The women displayed higher spontaneous secretion of all
cytokines measured, i.e. IL-4, IL-6, IL-10, IFN-y and
TNF-o. Spontaneous secretion, at an infection-free time-
point, reflects the habitual immune status and may sug-
gest what type of immunological defence an individual
generally displays. For instance, allergy has been consid-
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ered a Th2-type related condition and, accordingly, atopic
individuals have higher spontaneous IL-4 expression than
non-atopic controls.””

Women of reproductive age are believed to handle
infections better than men, having a stronger tendency to
show Thl-type responses and expression of higher levels
of pro-inflammatory cytokines, and they also develop
higher antibody titres than men when vaccinated.”*
However, the female immune response fluctuates with the
menstrual cycle. In general, oestrogen has a stimulatory
effect on the immune system whereas testosterone acts as
a suppressor. When women enter the menopause their
levels of oestrogen decrease and thereby the stimulatory
effect diminishes, leading to an altered immune status.””
All except one of the women in our study were postmen-
opausal, and this could be a factor explaining why more
women than men became reinfected with B. burgdorferi.

Although the immune system, in terms of cytokine
secretion pattern, significantly differed between men and
women in this study, the functional consequences must
be interpreted carefully because cytokines may have dif-
ferent functions at different concentrations and in differ-
ent circumstances.”®

Because cytokines work in a complex network and
stimulate or inhibit one another, it is important to
consider not only the concentrations of particular
cytokines, but also how they interrelate. IFN-y and IL-4
are classical examples of antagonistic signature cytokines
for Thl and Th2, respectively, and their ratio mirrors
the Th1/Th2 balance.”® Also, the ratio of the anti-
inflammatory IL-10 and the pro-inflammatory TNF-o
was evaluated to elucidate the balance between inflam-
matory and anti-inflammatory forces. The findings of
increased IL-10/TNF-o ratios, indicating an amplified
anti-inflammatory response, and higher IL-4/IFN-y
ratios in women compared with men strongly indicate
that postmenopausal women, despite their strong spon-
taneous secretion of cytokines, might have a Th2-
deviated immune response as well as an impaired
pro-inflammatory response. This possibility is further
supported by the finding of increased PHA-induced
IFN-y responses in men. PHA is a mitogen that acti-
vates T cells polyclonally via binding to the T-cell
receptor and CD2.>° CD2 ligation induces IFN-y secre-
tion in T cells’ which in turn induces IL-12 secretion
by macrophages. Thus, PHA can be considered as a
mainly Thl-inducing agent, and PHA stimulation could
be used as a tool for evaluation of the ability to mount
strong Thl responses; for example, children with atopic
heredity have been found to display lower PHA respon-
siveness than children without such heredity.’>

Taken together with our previous observations of
strong inflammatory responses combined with strong Thl
responses being beneficial for eradication of B. burgdor-
feri,'®'72122 the present findings of Th2 and anti-inflam-
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matory responses in postmenopausal women may partly
explain the increased frequency of recurrent LB infection
in this group of individuals.

We observed that the men displayed a higher number
of Borrelia-specific IL-10-secreting cells than the women.
However, we did not find a similar difference when the
amount of IL-10 was investigated, i.e. measured with
ELISA. The relevance of this finding is uncertain and
needs to be further explored.

An alternate or complementary explanation for the
increased frequency of reinfection in women is reinfection
with a different strain of B. burgdorferi, which because of
antigenic variation evades the memory cells generated in
the primary infection.”® The participants in our study
were initially included in a retrospective, long-term fol-
low-up study’ that was not designed to include biopsy.
Therefore, phenotyping was not possible. There is, how-
ever, no obvious reason why postmenopausal women
should be more frequently exposed to different strains of
B. burgdorferi than men. Neither could difference in beha-
viour pattern explain the uneven gender distribution in
LB reinfections, as men and women were tick-bitten to
the same extent.’

We analysed the immunological response several years
after the infection, and a possible objection to our find-
ings is therefore that the results we obtained are of no
importance in terms of the acute response. The immune
system does change during the lifespan. These changes,
however, occur slowly, except during puberty and meno-
pause, and therefore we assume that no substantial vari-
ation has occurred in the immune response between the
primary infection and the time of cytokine analyse for the
individuals in this study.

Serology was not performed on the individuals in this
study because, at the time of EM diagnosis, only 30-40%
of patients displayed antibodies to Borrelia.>** Studies fol-
lowing patients with culture-confirmed EM have shown
that, although antibodies can be detected 10-20 years
after initial infection,® titres decline gradually during the
first year.”?

In conclusion, we could not find any significant dif-
ference in the immune response or in confounding
health factors between individuals who were reinfected
with LB and individuals who were single-infected with
LB. We did, however, find a gender difference in the
immunological response, with women displaying higher
spontaneous secretion of all cytokines measured, i.e.
IL-4, IL-6, IL-10, IFN-y and TNF-oa. The increases in
the IL-4/IFN-y and IL-10/TNF-o ratios compared with
men suggest that postmenopausal women have a Th2-
directed and anti-inflammatory immune reactivity with
increased IL-10-mediated suppression of the pro-inflam-
matory response compared with men. This may in part
explain the increased frequency of reinfection in post-
menopausal women.

© 2006 Blackwell Publishing Ltd, /Immunology, 118, 224-232
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