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l. Supplementary text: Details of the materials and methods

A. Isolation of the local strain of Borrelia afzelii

The local strain of B. afzelii was isolated from wild bank voles (Myodes glareolus) that had been

captured in urban forests around Jyvéskyl&, Finland.

1. Vole sampling
Wild adult male bank voles (n = 24) were live-trapped in urban forests around Jyvéskyla,
Finland, between September and October 2014. On the day of capture, an ear tissue biopsy (1.3
mg) was taken from the inside part of the ear with a biopsy punch and stored in ethanol at -20 °C
(see [1]). Six bank voles from a Borrelia-free laboratory colony were similarly sampled for skin.

These individuals served as negative controls for the DNA extraction and subsequent PCR.

2. DNA extraction, PCR and sequencing
DNA was extracted from the ear biopsy samples using the Genejet Genomic DNA purification
kit (Thermo Fischer Scientific, Waltham, United States) following the manufacturer’s
instructions (Thermoscientific #K0721, #K0722). The amounts of some reagents were reduced
due to the small sample size. Specifically, the volumes of proteinase K, RNase A, lysis solution,
ethanol, and elution buffer were reduced to 10 pl, 10 pl, 100 pl, 200 pl, and 100 pl, respectively.
The DNA extractions were stored at -20 °C until further processing.

Nested PCR targeting the flagellin gene (encoding the flagellar protein) was performed on
the extracted DNA following the method of Wodecka et al. [2] slightly modified as follows. The
total volume of the first PCR reaction was 10 pl and contained 0.025 U/ul of DreamTaq DNA
polymerase (Thermo Scientific), 0.2 puM of each primer, 0.25 pg/ul of BSA, 200 uM dNTP, 1X
of DreamTagq reaction buffer (Thermo Scientific), 1 ul of template, and topped up with sterile

water. For the 24 field-captured males, 7 of the 24 ear tissue biopsies were positive for the
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flagellin gene in the PCR. The expected 604 bp PCR product was sequenced (Prism 3130xl,
Applied Biosystems, Foster City, United States) and the sequences were BLASTed against
sequences of Borrelia burgdorferi sensu lato in GenBank (GenBank/EMBL/DDBJ sequences
accession numbers for B. burgdorferi sensu stricto G112-04, B. afzelii D131-07, B. garinii G23-
07, B. valaisiana G43-0507, and B. miyamotoi D110-07 were FJ518808, FJ518805, FJ518806,
FJ518807 and FJ518804, respectively). The seven flagellin gene sequences obtained showed

98% or more similarity with B. afzelii.

3. Bacterial culture and strain level identification
Three of the Borrelia-positive bank voles were sacrificed and the ear skin, bladder, heart, spleen
and kidney were collected aseptically and placed in Barbour-Stoenner-Kelly 11 (BSK 1) medium
enriched with phosphomycin (50 mg/ml, Sigma-Aldrich, St. Louis, United States), rifampicin
(100 mg/ml, Sigma-Aldrich) and amphotericin B (5 mg/ml, Sigma-Aldrich). Sealed tubes were
incubated at +37 °C in an incubation chamber and checked once per week under a dark-field
microscope. Spirochete-shaped bacteria were present in two of the cultures, and they were stored
in 20% (v/v) glycerol at -80 °C after 1 to 8 passages. The isolates were genotyped with respect to
the highly polymorphic ospC gene [3-5]. The ospC gene sequences can be classified into ospC
major groups (0MGs) following the nomenclature developed by Bunikis et al. [6]. Isolates of B.
afzelii often contain strains carrying different oMGs; therefore we used 454-sequencing to test
the purity of the two isolates in the present study [4]. This approach obtained 137 and 167 ospC
gene sequences that were 99.3% (136/137) and 100.0% (167/167) pure for oMGs A3 and A9,
respectively. The two isolates were therefore named Fin-Jyv-A3 and Fin-Jyv-A9, respectively. In
the present study, only isolate Fin-Jyv-A3 was used in experimental infections. This isolate has

been registered in the Borrelia MLST database under ID number 1961 and has multi-locus
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sequence type (MLST) ST676.

Three weeks before the start of the experiment, the cultures were reactivated, and the
bacterial concentration was assessed using a Neubauer chamber and a phase contrast microscope.
Concentration was adjusted to 10° spirochetes per ml in phosphate-buffered saline (PBS) less

than one hour before injection.

B. Details of the experimental infection

Voles in the infection group were injected intraperitoneally with ca. 10° bacteria of a local strain
of B. afzelii suspended in 0.1 ml of phosphate buffered saline (PBS). The dose and infection
route were based on the literature [7-11]. VVoles belonging to the uninfected control group were
injected intraperitoneally with 0.1 ml of PBS. Infection success of B. afzelii was confirmed by
seroconversion; the mean absorbance in the ELISA was significantly different between the
infected and the uninfected individuals (ANOVA: Fdfl, df2=3.02, p < 0.001, Fig. S2), but not
between sex (ANOVA: Fdfl, df2 = 0.04, p = 0.20). The percentage of trapped individuals

exposed to Borrelia afzelii that seroconverted was 87% (34/39).

C. Details of the animals used in the experiment

Between the end of January and March 2015, bank voles from a lab colony (descendants of wild-
caught individuals, mainly first and second generation) were bred in the animal facility at the
University of Jyvéskyld. Bank voles were kept in standard mouse cages (43 cm*26 cm*15 cm)
with wood shavings and under 16 h light:8 h dark photoperiod and temperature of ~19 °C.

Animals had ad libitum access to food and water. Offspring were separated from their mothers
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after weaning (21 days) and were kept in sibling groups according to their sex. Each individual
was identified with a microchip inserted subcutaneously. At 20 days before the release in
outdoor enclosures, all individuals were measured, sampled (see below), and housed

individually.

D. Details concerning the enclosures

Enclosures were located in Konnevesi (Central Finland, 62.627907N, 26.291793E). Each
enclosure had a surface area of 50 m*40 m and was surrounded by a metal fence, which
prevented immigration and emigration of voles but did not prevent potential predation by raptors.
For details concerning the enclosures and the vegetation, see [12]. The bank vole density in high-
and low-density enclosures was 80 and 40 individuals per hectare respectively. In peak years, the
bank vole population density might approach 40 individuals per hectare in the study area, but
peak population density of 100 voles per hectare was recorded in Central Europe [13-15].
Therefore, our “low density” (40 individuals per hectare) corresponds to a high population
density population in nature whereas our “high density” (80 individuals per hectare) approach
the largest density observed in nature.

The mean body mass and mean head width were similar between the infection group and
the control group for both males and females (male body mass: t = 0.02, p = 0.98; male head
width: t = —1.05, p = 0.30; female body mass: t = —0.05, p = 0.96; female head width: t = 0.20, p
= 0.84, Fig. S3). In addition, enclosures were similar with regards to individual body mass
(males: F = 1.4, p = 0.18; females: F = 1.08, p = 0.40) and number of siblings in the litter of each
bank vole (Kruskal-Wallis test = 9.71, p = 0.94). Moreover, individuals from the same litter were

assigned into different enclosures to randomize any maternal effect and avoid kin recognition
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and breeding among siblings. Thus, any observed differences in reproductive performance are

likely to result from differences in infection or density treatment or both.

E. Space trapping and home range size

Space trapping allowed the computation of the home range perimeter (metres) and home range
surface (m?) for each individual vole. Each enclosure contained a network of 20 Ugglan Special
live traps (Grahnab AB, Gnosjo, Sweden). The trap density was 100 traps/ha, and traps were
spaced 10 m from each other and 5 m from the fences of the enclosures. During the trapping (13-
18 days after the release of the voles into the enclosures), the traps were baited with sunflower
seeds and potatoes, and they were checked 2 to 3 times per day for a total of 14 trap checks.
Trapping locations were recorded for each individual before the immediate release of the animal.
At the end of the trapping period, all the surviving individuals were brought into the animal
facility for general measurements and monitoring of parturition.

To estimate the home range of the bank voles with the statistical package adehabitatHR, a
matrix of detectors was created with 20 capture points spaced 10 m apart, as observed in the
enclosures. Another matrix contained one row per animal and one column per occasion (capture
session). Individuals trapped during a specific capture session were assigned a value of 1,
whereas individuals not trapped were assigned a value of 0. Home range area and perimeter were
computed for individuals caught 5 times or more using 95% of the relocations, with the cluster
approach from the package adehabitatHR [16], which relies on the calculation of single-linkage

cluster analysis as described by Kenward et al [17].
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F. Additional analysis: Dual X-ray measurement

Body composition of each animal (i.e. body fat content and lean mass) was assessed by dual X-
ray using a Lunar PIXImus Densitometer (GE Medical Systems), after the enclosure period.
Dual-energy X-ray absorptiometry (DXA) is a rapid and non-invasive method for the
measurement of fat mass, lean tissue mass (excluding bone), and bone mineral content in animals
and humans. Its interest relies on the ability to obtain these measurements in vivo. Stomach
emptying and immobilisation of the animal (with anaesthesia) during the process increase the
measurement accuracy.

Individuals were allowed to fast for at least one hour, before being anaesthetised in an
induction box containing 3% isoflurane in a 150 ml air flow (Univentor 410 anaesthesia unit
(UniventorND, Zejtun, Malta)). Animals were kept anaesthetised using a rodent anaesthesia
facemask, and the isoflurane concentration was lowered to 1.7%. Anaesthetized animals were
placed under the X-ray beam of the dual-energy X-ray absorptiometry system (DXA, PI1XImus,
GE Lunar, GE Healthcare, WI, USA). Image acquisition for the DXA measurement lasted less
than 5 minutes per animal. Animals were monitored and were returned to their cages only when
consciousness was entirely recovered. When the deviation (in per cent) of the measurements was
larger than 2%, the machine was recalibrated to ensure a standard deviation of fat percentage

measurement lower than 0.3.

G. Additional analysis: Ankle width measurement
The bimalleolar ankle width of both rear legs was measured by the same examiner all along the
experiment, following a standard procedure described in [18]. The vole was always presented to

the measurer in the same position, left leg and right leg were measured with a calliper ruler
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(Electronic Digital Caliper, Scala, Dettingen, Germany) and the mean measurement was
computed. Individual identity explained the variation in ankle measurements (F = 2.02, P <
0.001) and based on 77 individuals measured after the enclosure period, the repeatability of the

measurement was 0.74.

H. Measurement of reproductive success and paternity analysis

In the animal facility, the captured females were checked for parturition every day, and the litter
size was assessed at birth [19]. At birth, each pup was individually marked, measured (head
width and body mass) and sexed (by the help of visual cues and the length of anogenital
distance) using a binocular microscope [20]. Paternity analysis was performed by genotyping the
DNA from a small tissue sample taken from the tail tip of each pup at birth. DNA was extracted
from these tissue samples and the adult ear biopsies, and individuals were genotyped at six
microsatellite loci: 6G11, 10A11, 13G2, 15F7, 16E2, and 17E9 [21,22]. Paternity was assigned
to the most likely male candidate with a confidence level of 95% using the software Cervus 3.0.7
while accounting for the known genotype of the mother [23,24]. All males released in the
enclosure were considered as potential genitors regardless of whether they were trapped or not at
the end of the experiment. The simulation was performed using 10000 cycles, 100% of candidate
parents sampled, 98% of loci typed, a genotyping error rate of 1%, and no mismatches between
offspring, neither with the known mother nor with the assigned father. Only one offspring with

incomplete genotyping was not assigned paternity.
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l. Details of the ELISA

We implemented an in-house enzyme-linked immunosorbent assay (ELISA) targeting B.
burgdorferi s. l.-specific IgG antibodies using the protocol by Salo et al. [25], which we
modified slightly. Before and after the enclosure period, a blood sample (75 pl) was taken from
the retro-orbital sinus with a heparinised microcapillary and was placed in a heparin blood
collection tube with separator gel (minicollect, Greiner bio one) and centrifuged (6000 rpm for
10 min). The resultant serum was frozen at -20 °C until used in the ELISA described hereinafter.
Microtiter plates (Thermo Fisher Scientific) were coated with antigen from whole B. afzelii cells
diluted in PBS (final concentration 10 pg/ml) at 37 °C overnight and washed three times with
Agqua-Tween (H20, 0.05% Tween 20, Merck). The vole serum samples were diluted 1:100 in 1%
bovine serum albumin (BSA, Serological Proteins Inc., Kankakee, USA) in PBS. The plates
were incubated with the diluted serum samples at 37 °C for 1 h, washed three times as above,
and incubated with HRP-conjugated goat anti-mouse 1gG secondary antibody (final
concentration 0.08 pg/ml, Pierce, Thermo Fisher Scientific) in PBS at 37 °C for 1 h. After the
last three washes, ortho-phenylene-diamine (OPD, Kem- En-Tec Diagnostics A/S, Uppsala
Sweden) substrate was added for 15 minutes before the reaction was stopped with 0.5 M H>SOa.
The absorbance was measured at a wavelength of 492 nm with Multiskan EX spectro-
photometer (Thermo Fisher Scientific). Samples were run in duplicate, and a positive control
(serum from laboratory mouse infected with B. burgdorferi sensu stricto as confirmed by culture)
was included in duplicate in each plate. Two types of negative controls were included in
duplicate in each plate to control for nonspecific binding [26]: sera from uninfected laboratory
mice, and blanks containing 1% BSA in PBS. The repeatability, assessed on 34 samples

measured 4 to 6 times, was 0.99.
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J. Details of the statistical analysis

All statistical analyses were carried out using the statistical software R version 3.1.1, and using
the packages Ime4, gimnmADMB, MASS, sjPlot, secr, sp, and adehabitat. In the statistical
analyses, the injection treatment (Borrelia afzelii vs. PBS) was used to define infection treatment
(infected vs. uninfected). Most of the full models included the three-way interaction between
infection, sex and density (Table S1). Model reduction was a step-down process, but the two
experimentally manipulated factors, B. afzelii infection status of the bank voles (categorical:
uninfected control versus infected; hereafter called “infection”) and population density in the
enclosure (categorical: low versus high; hereafter called “density”), were always included in the
final models. When the three-way interaction was significant (as observed for the relative
number of offspring, the relative number of partners, the home range perimeter and the home
range surface, see Table S1), separate analyses were conducted for each sex to facilitate the
interpretation of the interactions. When the three-way interaction was not statistically significant
(ankle width, body mass, body fat proportion, survival, and breeding probability, see Table S1),
it was removed from the full model, and the resultant simplified model was tested for statistical
significance of the two-way interactions.

When included as a covariate, body mass and head width were centred to the mean
observed value, separately for males and females. The enclosure was always modelled as a

random effect.

1. Body mass and body fat content
Body mass and body fat proportion at the end of the study were modelled with a linear mixed
model (LMM) with a Gaussian error distribution and a generalised linear mixed model (GLMM)

with a beta error distribution, respectively. The fixed factors included infection, density, sex and

10
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their two- and three-way interaction terms. Body mass before injection (BM) with B. afzelii or

PBS was included as a covariate.

2. Survival and reproduction
Survival of bank voles in the enclosures and individual breeding probability are binary variables.
For survival, individuals trapped at the end of the experiment were assigned a value of 1,
whereas individuals not trapped were assigned a value of 0. For female breeding probability,
individuals that did not give birth or that were not captured were assigned a value of 0, whereas
females that gave birth were assigned a value of 1. For male breeding probability, individuals
were assigned 0 or 1 depending on whether they sired zero offspring or at least one offspring
according to the paternity test. All males introduced in the enclosures were included in the
analyses of male reproductive success, regardless of whether they were trapped or not at the end
of the study. These binary variables were modelled using a GLMM with a binomial error
distribution and a logit link function. The fixed effects structure of the model of the breeding
probability contained: infection, density, sex, BM or head width before injection (HW), and all
two- and three-way interactions between infection, sex and BM or HW. For survival, the fixed
structure of the model contained infection, density, sex, and all the two-way and three-way
interactions as well as body mass as a covariate.

We used the paternity analyses and the monitoring of female litters to calculate two
different response variables of reproductive success: (1) ‘relative number of offspring’ is the
proportion of offspring produced in an enclosure by a given individual, (2) ‘relative number of
partners’ is the proportion of partners in an enclosure with which a given individual has
successfully mated. These two proportional variables were modelled as a GLMM with a

binomial error distribution and a logit link using penalised quasi-likelihood (which corrects for
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overdispersion) as a function of infection, density, sex, and all two-way and three-way
interactions. The BM or head width were included as covariates. Since the three-way interaction
infection x density x sex was significant, separate analyses were conducted for each sex.

For gravid females, the parturition delay was calculated as the difference in the number of
days between the date the first litter was observed and the parturition date for the other pregnant
females. This variable was modelled as a function of infection, density, BM, and the interaction

infection x density in a GLMM with a negative binomial distribution and log link.

3. Body mass and head width of the pups
The body mass and head width of the pups at birth were analysed using LMM with mother
infection status, father infection status, density, their three-way interactions, sex of the pup and
litter size in the fixed effects structure. The mother identity, the father identity, and the enclosure

were included as random effects in each of these models.

4. Spacing behaviour
We used the space trapping data to calculate two different home range variables: (1) home range
perimeter (m) and (2) home range surface (m?) [27]. These two home range variables were
analysed using LMM with infection, density, sex and all their two-way and three-way
interactions in the fixed effects structure. Body mass before injection was included as a
covariate. Since the three-way interaction was significant, separate analyses were conducted for

each sex.

5. Clinical signs of infection
Infection with B. burgdorferi s. s. causes inflammation and increases the ankle width in some
species and strains of rodents [28]. The post-infection ankle width was modelled using an LMM

with the fixed effects infection, density, sex and all their two-way and three-way interactions.
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The ankle width before infection was included as a covariate.

Il.  Additional analysis and additional results

A. Clinical signs
Infection and population density did not affect ankle width in infected individuals (LMM: p =
0.02, p = 0.54, see Table S5). Previous studies showed that Mus musculus mice infected with B.
burgdorferi s. s. had significantly swollen ankle joints and detectable spirochetes from the ankle
joints as early as two weeks after infection [25,29,30].

The body mass of male or female bank voles was not affected by B. afzelii infection or
population density (see Tables S1 & S3). Likewise, there was no effect of B. afzelii infection or

population density on an individual’s body fat proportion (GLMM: p > 0.60, see Table S2).

B. Immune response

1. Method
We used LMM to model the B. burgdorferi s. |.-specific IgG-antibody response (assessed as the
mean absorbance in the ELISA assay) in infected male bank voles as a function of male
reproductive success, density and their interaction. Given that most of the females reproduced,
the effect of reproduction on the level of the B. burgdorferi s. I.-specific IgG-antibody response
in females was not estimated. Male reproductive success was coded as either a binary variable
(no offspring, at least one offspring) or as a discrete variable (the number of offspring sired by
each male). We further modelled the mean absorbance in the ELISA assay as a function of the
head width, male reproductive success (binary) and their interaction. The mean absorbance of the

positive controls was included as an offset in each model to account for variation between
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ELISA plates and enclosures were modelled as a random effect.

2. Result: Immune response was affected by body size and reproduction

in male bank voles
Analysis of the B. burgdorferi s. l.-specific IgG antibody response in infected males found that
small males had similar levels of antibodies regardless of whether they reproduced or not,
whereas, in large males, the individuals that reproduced were also the ones that mounted a higher
immune response (LMM: p = 0.03, Fig S5, Table S7). When body mass was not accounted for,
males had the same level of antibodies regardless of whether they reproduced or not. These
findings suggest that large infected males have a lower probability of reproduction than small
males, but when these large males reproduce, they are able to allocate energy to both
reproduction and the immune response whereas small males that reproduce show lower immune

capacity.
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299 Supplementary tables

300 Table S1: Full models with three-way interactions

Random effect:

I?/ZSI_?:QI? Predictors Int(t;ré:)e Pt Estimates (SE) vzfllje enclc();g;e; ¢ n
Infection (inf) -0.64 (0.79) 0.42
Density (low) 0.12 (0.99) 0.90
Sex (male) -1.91 (0.94) 0.05
Body mass BM 25.56 0.57 (0.11) <0.01 0.40 77
Infection:sex (0.62) 0.65 (1.30) 0.62 (0.63)
Sex:density 0.48 (1.50) 0.75
Infection:density 0.68 (1.30) 0.60
Infection:density:sex -0.17 (2.07) 0.94
Infection (inf) 0.13 (0.09) 0.14
Density (low) 0.08 (0.10) 0.45
Sex (male) 0.20 (0.10) 0.05
Body fat BM -1.91 0.03 (0.01) 0.04 1.13e-07 77
proportion Infection:sex (0.06) -0.26 (0.15) 0.07 (0.00)
Sex:density -0.15 (0.16) 0.36
Infection:density -0.16 (0.15) 0.27
Infection:density:sex 0.16 (0.23) 0.49
Infection (inf) 0.00 (0.73) 0.10
Density (low) -0.51(0.76) 0.50
Sex (male) -1.50 (0.69) 0.03
survival BM 1.10 0.01 (0.08) 0.88 0.01 136
Infection:sex (0.52) 0.20 (0.97) 0.84 (0.09)
Sex:density 0.91 (1.04) 0.38
Infection:density -0.01(1.08) 0.99
Infection:density:sex -0.49 (1.47) 0.74
Infection (inf) -0.02 (0.55) 0.98
Density (low) -1.02 (0.39) 0.01
Sex (male) 0.10 (0.56) 0.86
Breeding HW 1.18 -1.50 (1.22) 0.22 0.00 136
probability Infection:HW (0.43) -0.21 (1.75) 0.90 (0.00)
Infection:sex -0.98 (0.77) 0.21
Sex:HW 3.72 (1.67) 0.03
Infection:HW:sex -3.29 (2.30) 0.15
Infection (inf) -0.07 (0.55) 0.90
Density (low) -0.94 (0.39) 0.02
Sex (male) 0.07 (0.56) 0.89
Breeding BM 1.17 -0.14 (0.17) 0.42 0.00 136
probability Infection:BM (0.42) -0.27 (0.27) 0.33 (0.00)
Infection:sex -0.92 (0.77) 0.24
Sex:BM 0.48 (0.25) 0.05
Infection:BM:sex -0.14 (0.35) 0.68

15



301

302

303

304

305

Infection (inf) 0.01 (0.34) 0.97
Density (low) 0.20 (0.46) 0.67
Relative Sex (male) 0.05 (0.04) 0.30
number of BM -1.85 0.31(0.35) 0.38 5.05*10° 136
Infection:sex (0.24) 0.09 (0.50) 0.85 (0.01)
partners Sex:density 110(063)  0.09
Infection:density 0.21 (0.63) 0.73
Infection:density:sex -2.17 (0.98) 0.03
Infection (inf) 0.05 (0.36) 0.89
Density (low) 1.00 (0.42) 0.04
Relative Sex (male) 0.07 (0.04) 0.14
aumber of BM -1.97 -0.09 (0.37) 0.79 2.85*10° 136
offspring Infection:sex (0.26) 0.19 (0.51) 0.71 (0.01)
Sex:density 0.78 (0.59) 0.19
Infection:density -0.30 (0.61) 0.63
Infection:density:sex -2.39 (0.99) 0.02
Infection (inf) 0.02 (0.04) 0.57
Density (low) 0.01 (0.05) 0.78
Sex (male) 0.13 (0.05) 0.01
Ankle Ankle To 2.73 0.04 (0.06) 0.56 0.00 77
width Infection:sex (0.17) -0.05 (0.07) 0.43 (0.00)
Sex:density -0.11 (0.07) 0.15
Infection:density 0.00 (0.06) 0.97
Infection:density:sex 0.08 (0.10) 0.46
Infection (inf) -10.87 (57.38)  0.85
Density (low) 26.38 (73.73) 0.72
Home Sex (male) 128.32 (66.77)  0.06
range B™M 100.46 6.73 (8.16) 0.41 1123 70
perimeter Infection:density (43.04) 19.65 (98.47) 0.84 (33.52)
Infection:sex 14475 (92.56) 0.12
Density:sex 179.37 (111.79) 0.11
Infection:density:sex -361.07 (154.23) 0.02
Infection (inf) 15.37 (68.95) 0.82
Density (low) 67.70 (88.93) 0.45
Sex (male) 222.33(80.24) <0.01
Home
range B™M 147.25 10.94 (9.81) 0.27 2457 70
surface Infection:density (51.99) 30.90 (118.39) 0.79 (49.56)
Infection:sex 137.51 (111.21) 0.22
Density:sex 374.81 (134.44) <0.01

Infection:density:sex

-648.89 (184.43) <0.01

BM: centred value of body mass before injection; HW: centred value of head width before

injection, Ankle To: centred value of join width before injection, inf: infected group; low: low

population density. o2 is the variance attributable to the random effect, SD is the standard

deviation, SE is the standard error. Significant effects are marked in bold.
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306 Table S2: Selected final models for fitness and spacing behaviour of male bank voles

307
Random
Response . Intercept . t- i effect:
variables Predictors (SE) Estimates (SE) value P value enclosure, n
o2 (SD)
. Infection (inf) 0.20 (0.42) 049 0.63 119
Relative Density (low) 208 176 (047) 379 <001 (é'ig*ig-f’) o8
”0‘;][2 firno BM (0.31) 0.16 (0.07) 231 0.03 '
pring Infection:Density -2.72 (0.89) -3.06 <0.01
Relati Infection (inf) 0.07 (0.39) 0.18 0.86
nurenge"r’zf Density (low) -152 1.24 (0.48) 259 0.03 111%10° o
Arthers BM (0.28) 0.15 (0.06) 231 0.03 (3.33*10%)
P Infection:Density -1.95(0.82) -2.38 0.02
Infection (inf) 129.35 (99.18) 1.30 0.21
Home range Density (low) (2735'7106) 19111 (12209) 157 0.4 (gf‘ﬁ) 27
perimeter Infection:Density : -31817 (16355) -195  0.07 :
Infection (inf) 146.38 (107.54) 1.36 0.19
Home range Density (low) 5’7788'2148) 42971 (12616) 341 <001 (8 88) 27
surtace Infection:Density ' 59450 (17651) 337  <0.01 '
308

309 BM: centred value of body mass before injection, inf: infected group; low: low population

310  density; o2 is the variance attributable to the random effect, SD is the standard deviation, SE is

311  the standard error. Significant effects are marked in bold.
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312  Table S3: Selected final models for fitness and spacing behaviour of female bank voles

313
Response . Intercept Estimates t- z- p- Random effect:
variables Predictors (SE) (SE) value value value enclosure, n
62 (SD)
Relative number Infection (inf) -1.91 -0.06 (0.24) -0.26 0.79 2.31*10% 68
of offspring Density (low) (0.19) 0.85 (0.25) 335 <0.01 (0.00)
Relative number Infection (inf) -1.87 0.07(0.25) 0.28 0.29 5.04*10% 68
of partners Density (low) (0.20) 0.31(0.28) 1.15 1.13 (0.01)
Parturition delay Infection (inf) 1.70 -0.75(0.25) -300 <0.01 0.00 45
Density (low) (0.18) -0.28 (0.26) -1.04  0.30 (0.00)
Infection (in 0.47 (29.91 0.02 0.99
Home range Density (I(owf)) 98.74 39.81((31.38)) 127 021 0.00 43
perimeter BM (2381) 956 (730) 268 001 (0.00)
Infection (inf) 2751 (46.20) 059 0.56
Home range Density (low) (1345'7187) 0042 (48.46) 211 0.07 (8'88) 43
BM ) 23.82(11.27) 187 0.04 '
314

315 inf: infected group; low: low population density; 2 is the variance attributable to the random

316  effect, SD is the standard deviation, SE is the standard error. Significant effects are marked in

317  bold.
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318

319

320

321

322

323

324

325

Table S4: Selected final models for survival and breeding probability in adult bank voles

(males and females combined)

Random effect:

Res_p %Tse Predictors Intesréept EstiSrTEates z-value  p-value enclosure, n
variables (SE) (SE) 52 (SD)
Infection (inf) -0.00 (0.36) 0.00 1.00
Survival Density (low) 0.94 (0.36)  -1.49 (0.37) -0.41 0.68 0.00 (0.03) 136
Sex (male) -1.11 (0.36) -3.06 <0.01
Infection (inf) -0.52 (0.37) -1.39 0.16
Breeding Density (low) -0.96 (0.38) -2.53 0.01
robabilit Sex (male) 142 (0.39) -0.46(0.37) -1.23 0.22 0.00 (0.00) 136
P y HW 066 (0.77)  0.86 0.39
Infection:HW -2.02 (1.08) -1.68 0.06
Infection (inf) -0.53 (0.38) -1.39 0.16
Density (low) -0.93 (0.38) -2.42 0.02
Breeding Sex (male) -0.42 (0.38) -1.10 0.27
probability BM 1400039 511(015) 071 048 0.00(0.00) 136
Infection:BM -0.33(0.17) -2.00 0.05
Sex:BM 0.40 (0.17) 2.27 0.02

BM: centred value of body mass before injection, HW: centred value of head width before
injection, inf: infected group, low: low population density; ¢2 is the variance attributable to the
random effect, SD is the standard deviation, SE is the standard error. Significant effects are

marked in bold.
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326  Table S5: Selected final models for body mass, body fat proportion and ankle width in

327  adult bank voles (males and females combined)

328
. z-value Random effect:
Response Predictors Intercept Estimates ort- i enclosure
variables (SE)p (SE) value value o2 (SD)l
Infection (inf) -0.17 (0.51) -0.33 0.74
Body mass Dsegj'gq(;?;’;’) 2230(058) S0 8;3 9 o 0.69 (0.83)
BM 0.58 (0.11) 515  <0.01
Infection (inf) -0.00 (0.06) -0.08 0.94 7
Bodyfal © Density(low) ~ -180(005)  -003(006) 051 061 1?03;(1);’
prop BM 002(001) 209 004 '
Infection (inf) 0.01 (0.03) 0.56 0.58
Ankle width  Density (low) 284(002) 001(003) 036 072 0.00 (0.00)
Sex (male) 0.07 (0.03) 2.60 0.01
329

330 BM: centred value of body mass before injection, inf: infected group, low: low population
331  density; o2 is the variance attributable to the random effect, SD is the standard deviation, SE is

332  the standard error. Significant effects are marked in bold.
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333  Table S6: Selected final models for the body mass and head width of pup at birth

334
Response Predictors Intercept  Estimates t- _value Random effect:, 0
variable (SD) (SD) value P 52 (SD)
Mother (inf) -0.08 (0.05) -1.60 0.12
Pup body Fath_er (inf) 597 -0.01 (0.03) -0.44 0.67 Mother: 0.02 (0.14)
mass at birth Density (low) (0.11) 0.06 (0.06) 1.09 0.30 Father: 0.00 (0.00) 224
Offspring sex (male) ' 0.08 (0.02) 3.40 <0.01  Enclosure: 0.002 (0.04)
Litter size -0.08 (0.02) -3.89 <0.01
Mother (inf) -043(0.49) -0.87 0.39
Pup head Father (inf) 5190 0.25(0.30) 081 042 Mother: 2.24 (1.50)
width at Density (low) 1 '12) 117 (054) 215 0.05 Father: 0.00 (0.00) 224
birth Offspring sex (male) ' 0.73(0.19) 3.79 <0.01  Enclosure: 0.05 (0.24)
Litter size -0.55 (0.21) -2.68 0.01
335

336 inf:infected group for the mother or the father; low: low population density, 2 is the variance

337  attributable to random effect, SD is the standard deviation, SE is the standard error. Significant

338  effects are marked in bold.
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339

340

341

342

343

344

345

346

Table S7: Selected final models for the B. burgdorferi s. |.-specific 1gG antibody response of

the subset of infected male bank voles (mean absorbance of the positive control was used as

an offset in all models)

Response

Intercept

Estimates

t

Random effect:

. Predictors enclosure, n

variable (SD) (SD) value value o2 (SD)
Reproduction (yes) i 0.04 (0.14) 0.27 080

ELISAMEN  pensity (low) (g'fg) 0.41(012) 097 036 (8'23) 15
Density*Reproduction ' -0.24 (0.18) -1.36 0.23 '
N_offspring i 0.00(0.01) 021 084

ELISAMEN  pensity (low) (%‘g 002(014) -015 088 (%'(ﬁ) 15
Density*N offspring ' -0.05 (0.04) -1.13 031 '
HW -0.35(0.18) -1.98 0.07

El;_slosrﬁar:sgn Reproduction (yes) (8 05((3)) 0.15(0.08) 1.73 011 (8'82) 15
HW*Reproduction ' 0.66 (0.26) 253 0.03 )

HW: centred value of head width before injection, yes: male produced at least one offspring;

low: low population density; ¢2 is the variance attributable to random effect, SD is the standard

deviation, SE is the standard error. Significant effects are marked in bold.
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Figure S1. Schematic representation of the experimental procedure.
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351
352 Figure S2. The bank voles in the infection group developed a strong B. burgdorferi s. I.-
353 specific 1gG antibody response compared to the control group. The strength of the B.
354 burgdorferi s. I.-specific IgG antibody response was measured as the absorbance on an
355 ELISA test. Mean absorbance of plasma samples before and after injection of B. afzelii
356 are shown. The mean absorbance in the ELISA was significantly explained by infection
357 (ANOVA: Fdf1, df2=3.02, p < 0.001, Fig. S2), but not by sex (ANOVA: Fdfl, df2 =
358 0.04, Df =1, p = 0.20).
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360 Figure S3. Male body mass was similar among the four combinations of infection
361 treatment and population density before injection with B. afzelii or with PBS.
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Figure S4. Predicted probability of reproduction for a bank vole explained by infection
(uninfected individuals in blue, infected individuals in red) and initial head width, as
shown in table S4 (p=0.06). The observed values are shown with open circles (n = 136

bank voles).
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Figure S5. Predicted B. burgdorferi s. l.-specific I1gG antibody levels in infected male bank
voles depends on the interaction between reproductive status (individuals that reproduced
in orange, individuals that did not reproduce in green) and body size. Body size is
measured as the initial head width. For males that reproduced (n = 8), the strength of the B.
burgdorferi s. l.-specific IgG antibody response increased with body size. For males that
did not reproduce (n = 7), the strength of the B. burgdorferi s. I.-specific 1gG antibody
response was not influenced by body size. The observed values are showed with open

circles (n = 15 infected male bank voles). For statistics, see Table S7.
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