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Abstract 

Ticks are increasingly reported in urban and peri-urban areas, such as city parks or peri-urban 

forests, across Europe. Land use changes, like the transformation of natural ecosystems into 

residential or recreational areas, and the restoration of natural areas connectivity for biodiversity 

purposes, facilitate human contact with these vectors. We evaluated the infestation by Ixodid ticks 

and their infection by zoonotic agents in two natural reserves (La Mandria and Stupinigi) in the urban 

area of Turin, northwestern Italy, near to densely inhabited suburbs and consistently frequented by 

people. We monthly performed dragging in 15 sites during a three-year period (2012-2014).  

Over 4000 ticks were collected, belonging to the species: Ixodes ricinus, I. acuminatus, Dermacentor 

marginatus, D. reticulatus, and Haemaphysalis concinna. The tick burden in La Mandria, a park very 

rich in wildlife, was higher than in Stupinigi, which is surrounded by a grid of roads and cultivated 

fields. The occurrence of I. ricinus nymphs was mainly related to habitat diversity and seasonal 

variation but weakly influenced by wildlife presence. Conversely, the density of I. ricinus nymphs 
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were effectively estimated by vegetation coverage, micro-climatic conditions, and the presence of 

large wildlife. Molecular analyses showed the infections by Borrelia burgdorferi s.l. (24.1%), 

Anaplasma phagocytophilum (2.9%), and Spotted Fever Group rickettsiae (30.4%) in I. ricinus. Tick-

borne encephalitis virus, that is considered so far absent in northwestern Italy, was not detected. In 

La Mandria, the risk of encountering one I. ricinus nymph infected by Borrelia burgorferi s.l. in 100 

m2 was 59.1% (95% Confidence Interval [CI]: 36.3-83.0), and 71.3% (95%CI: 44.5-93.0) for 

Rickettsia spp. 

Educational programs on personal protection and surveillance on tick-borne diseases should be 

enhanced to face the threat posed by tick vectors in green urban landscapes. 

 

Keywords: Tick-borne pathogens; Ixodidae; Borrelia burgdorferi s.l.; SFG rickettsiae; pathogen co-occurrence; 

peri-urban green areas 

Introduction 

Tick-borne diseases (TBD) have been increasing their burden in Europe, especially Lyme borreliosis 

and tick-borne encephalitis (TBE), which are transmitted by the sheep tick Ixodes ricinus (Medlock 

et al., 2013; Süss, 2011). This vector is expanding its geographical range and has been increasingly 

reported in urban green areas, where the likelihood of exposure to tick bites may be high for human 

beings and companion animals (Rizzoli et al., 2014).  

In European urban areas, changes in land use, agriculture and city expansion have changed the 

landscape in the last decades (Antrop, 2004; EEA, 2017). Reforestation, agricultural and socio-

demographic factors, as well as wildlife management, have increased land patchiness in peri-urban 

areas, in which several animal species can move and survive (Snep et al., 2006; Sprong et al., 2018). 

In these fragmented habitats, wild ungulates serve as feeding hosts for ticks and bring them close 

to inhabited areas (Rizzoli et al., 2014; Selmi et al., 2018), while small-sized vertebrates such as 

rodents, shrews, birds and lizards can play a role as tick-borne pathogens reservoir (Amore et al., 

2007; Craine et al., 1995; Hubálek et al., 1996; Humair et al., 1998; Olsén et al., 1995; Randolph 

and Storey, 1999). In addition, several urban and peri-urban green areas have been experiencing 

the anthropogenic introduction of alien mammal species, such as chipmunks, that contribute to the 

emergence of tick-borne pathogens (Marchant et al., 2017). 

Compared to forests, urban and peri-urban areas are still less favourable habitats for ticks. However, 

in the past few years, several studies reported ticks and TBD in city parks and urban forests across 

Europe (Hansford et al., 2017; Kowalec et al., 2017; Kubiak et al., 2019; Lejal et al., 2019). Ticks 

were also reported in peri-urban parks in north (Olivieri et al., 2017), central (Mancini et al., 2014) 

and southern Italy (Torina et al., 2018). In Italy, TBD are deemed rare; however, their incidence is 

likely to increase due to the geographical expansion of ticks. In particular, Piedmont region, 

northwestern Italy, has been experiencing a recent increase in tick burdens in mountain areas 

(Garcia-Vozmediano et al., 2020b; Pintore et al., 2015), and the appearance of new species in peri-

urban areas, such as Dermacentor reticulatus in Turin hillside (Garcia-Vozmediano et al., 2020a).  

In this study, we analysed the distribution of Ixodid ticks and their infection by selected TBD agents 

(Borrelia burgdorferi s.l., Rickettsia spp., Anaplasma spp., and Tick-borne Encephalitis Virus) in two 

peri-urban parks located near to densely inhabited suburbs of Turin, in order to evaluate risk factors 

influencing the occurrence of ticks and their abundance, and consequently the risk of park visitors 

being bitten by an infected tick.  

Materials and Methods 

Study area. 

The study was carried out in two peri-urban parks located within 10 km from the centre of Turin city 

(2,259,223 inhabitants in the metropolitan area; National Institute of Statistics, https://www.istat.it/it/), 

Piedmont, northwestern Italy. They belong to the ‘Royal Parks’ (http://www.parchireali.gov.it/) since 
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they were hunting reserves of the Royal Family in the 19th century. The parks differ in the habitat 

characteristics and abundance of wildlife populations, but they are both consistently frequented by 

people.  

La Mandria Regional Park, a 3,600-ha natural reserve bounded by a 30 km long perimeter wall, is 

bordered by fifteen municipalities, and more than 220,000 inhabitants live nearby or inside the park 

itself. The Park is highly frequented, with up to 10,000-tourists peaks during weekends. The 

vegetation, characterized by broad-leaf deciduous woods alternating with pastures, resembles the 

former lowland forest as it would appear before the agricultural revolution. Various exotic tree 

species were introduced decades ago, such as white pine (Pinus strobus), swamp Spanish oak 

(Quercus palustris) and red oak (Quercus rubra), which exist concurrently with autochthonous 

broadleaf tree and artificial poplar (Populus spp.) implants. Large populations of wildlife used to 

inhabit the enclosed area, including more than 200 red deer (Cervus elaphus), around 60 fallow deer 

(Dama dama) and 20 roe deer (Capreolus capreolus). Wild boars (Sus scrofa) are abundant; in the 

past few years, at least 600 wild boars have been killed each year with the purpose of eradicating 

the species inside the park. The consistency of the wild populations reported here are updated to 

2021, but given the characteristics of the park, these populations have likely remained stable over 

the years. Mustelids, rodents, lagomorphs and sciurids, as well as birds and reptiles, are present. 

No domestic ruminants live inside the park area, while some horses are held in paddock or stable, 

with rare contacts with wildlife.  

Only a small portion of Stupinigi Regional Park is enclosed near the royal castle. The Park has rather 

homogeneous habitat characteristics typical of the Po valley environment. It is characterized by 

woods of ashes (Fraxinus excelsior), hazels (Corylus avellana), hornbeams (Carpinus betulus) and 

oaks (Quercus robur), alternating with cultivated fields and farms. It covers a 1,750-ha area near to 

highly inhabited suburbs of Turin and three other densely populated towns. Wildlife populations are 

not regularly monitored, but 29 mammal species are reported as well as birds and reptiles. At the 

time the study was conducted, roe deer and wild boars were estimated as numerically small and with 

discontinuous presence, because of the intense human activity and car traffic in the area. Recently, 

their number has been increasing (e.g. over a hundred roe deer are estimated by park rangers) and 

the presence of wolves has been reported too. Only a portion of the park is frequented by people, 

who remain mainly on footpaths. 

Tick collection. 

To include different habitats, preferential sampling was performed, meaning that sampling transects 

were selected based on suggestions from park rangers. The coordinates of the transects’ exact 

position were obtained using a portable GPS device GARMIN eTrex10 (GARMIN Ltd., Milan, Italy). 

In La Mandria, eight transects including both free-access and restricted-to-public areas were 

selected, while seven were chosen in Stupinigi, where no restricted areas were present. In each 

transect, questing ticks were collected by dragging 1 m2 white cotton cloth over the ground vegetation 

for 100 m. The transects were sampled six times a year since April 2012 to October 2014. The 

sampling sessions were at least 15 days apart from each other. The sampling was not performed in 

Stupinigi in July and August 2012 due to logistic reasons, and in both areas in April 2013 because 

of adverse weather conditions. The ticks collected were preserved in 70% ethanol and subsequently 

identified using taxonomic keys (Manilla et al., 2005). Due to the location, sampling was usually 

performed later in Stupinigi (6.2 ± 0.2 hrs; measured as hours since the sunrise) than in La Mandria 

(4.5 ± 0.1 hrs). 

Laboratory analysis. 

Total nucleic acid extraction was performed individually from I. ricinus nymphs and adults, with 

Nucleospin RNA II kit (MACHEREY-NAGEL GmbH & Co., Neumann-Neander Str. 6–8, 52355 

Dueren, Germany). Borrelia burgdorferi s.l. infection was investigated by a PCR protocol targeting 

the 16S rRNA gene (Marconi and Garon, 1992) and the 5S-23S intergenic spacer region (Rijpkema 

et al., 1995). GtlA and OmpA genes (Eremeeva et al., 2003) were targeted for Rickettsia spp. 

detection, and the 16S rRNA gene for Anaplasma spp. (Rymaszewska and Adamska, 2011). For 
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the search of Tick-Borne Encephalitis virus (TBEV) RNA, a Real Time PCR specific for a portion of 

the 3' NC region (Rudenko et al., 2004) was carried out. Positive samples were identified to the 

species level by DNA sequencing. Due to economic constraints, only I. ricinus were subjected to 

laboratory analyses. 

Meteorological data collection. 

At each transect at the time of sampling, they were measured the temperature, the relative humidity 

at 1.5 m in height (air) and at soil height using a HI9564 thermo-hygrometer (HANNA instruments®, 

Milan, Italy). 

To determine the average temperature and relative humidity of the 15 days before the sampling 

date, the historical meteorology database of the Regional Agency for Environment Protection (ARPA 

Piemonte, https://www.arpa.piemonte.it/) was consulted. The nearest thermo-hygrometric stations 

were “Venaria La Mandria” (alt. 347 m a.s.l.; WGS 84/UTM zone 32N, X: 386790 Y: 5003396; 4,818 

m from the furthest sampling site of La Mandria) and “Torino Vallere” (alt. 239 m a.s.l.; WGS 84/UTM 

zone 32N, X: 395514 Y: 4985692; 8,145 m from the furthest sampling site of Stupinigi). 

As synthetic index of temperature and relative humidity, the saturation deficit (SD) of both the air and 

the soil at the time of sampling was calculated, as well as its average of the 15-days-before-sampling 

(15DbS). SD was calculated using the following equation by Randolph and Storey (1999): 

𝑆𝐷 = (1 −
𝑅𝐻

100
) ∗ 4.9463𝑒0.0621𝑇 

where RH is the relative humidity measured as percentage, and T is the temperature measured in 

degrees Celsius (°C). SD ranges from 0 to infinite and it is measured in mmHg. 

Remote-sensing data collection. 

Images captured by USGS Landsat 8 Operational Land Imager and Thermal Infrared Sensor, red 

(band 4, wavelength: 0.64-0.67, resolution: 30m x 30m) and Near Infra-Red (NIR) bands (band 5, 

wavelength: 0.85-0.88, resolution: 30m x 30m), or USGS Landsat 4 and 5 Thematic Mapper, (band 

3, wavelength: 0.63-0.69, and band 4, wavelength: 0.76-0.90, resolution: 30m x 30m) were obtained 

from USGS (U.S.A. Department of Interior, https://earthexplorer.usgs.gov). The images were 

imported in the Geographic Information System (GIS) software QGIS version 3.4.4 - Madeira (QGIS 

Project, https://qgis.org/en/site/), using the following coordinates reference system: World Geodetic 

System 1984 (WGS 48) Universal Transverse Mercator (UTM), zone 32N. Only those having a cloud 

coverage lower than 20 % have been selected. Since Landsat images were already geocoded, no 

further geometric correction was needed. 

To calculate daily NDVI for each sampling location, the raster calculator tool was used, applying the 

formula (Rouse et al., 1973): 

𝑁𝐷𝑉𝐼 =
(𝑁𝐼𝑅 − 𝑅𝑒𝑑)

(𝑁𝐼𝑅 + 𝑅𝑒𝑑)
 

where NIR and Red refer to bands 4 and 5 of Landsat 8, or 3 and 4 of Landsat 4-5, respectively. The 

units of measurement are simplified, hence NDVI is a raw number. 

The image chronologically closest to each sampling date was used. For every transect, the NDVI 

monthly average was calculated averaging daily NDVI of the same period (± 10 days) in subsequent 

years, with the underlying assumption that no significant variation of vegetative coverage occurred. 

Late spring NDVI is calculated as the mean of May and June records. 

GIS analysis. 

To analyse geographic data, QGIS version 3.4.4 – Madeira was used. Transects’ and meteorologic 

stations’ coordinates were added manually. All the other layers (administrative boundaries, water, 

and vegetation items) were obtained from the Territorial Reference Database of Piedmontese Bodies 

(BDTRE, https://www.geoportale.piemonte.it/cms/bdtre) 

Statistical analysis. 
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Descriptive statistics 

For each site, descriptive statistics are reported (range, median, mean, and standard deviation). 

Odds Ratio (OR) and Incidence Density Ratio (IDR) are evaluated to compare ticks’ occurrence and 

abundance, respectively. 

The density of each tick species and stage was evaluated, but only I. ricinus nymphs were analysed 

throughout because of their abundance and importance for public health. 

Univariate analysis 

The occurrence of I. ricinus ticks in the two parks was compared using logistic regression. 

Overall, 23 variables (see Supplementary material, table 1) were evaluated individually: the 

association between each variable alone and the occurrence of l. ricinus nymph was evaluated using 

univariate logistic regression; the association of the same 23 variables and I. ricinus nymphs’ density 

was evaluated with univariate Poisson regression. 

Multivariate analysis 

Due to the high degree of correlation among variables some of them were excluded, and only eight 

were maintained based on their biological plausibility and their raw effect estimated by univariate 

analysis. Given the hierarchical structure of the data, the model was fit with sites and parks as double 

level random effects. In order to adjust for the calendar period, the median cubic spline with knots 

every 20 days was included. Then, the final set of covariates was selected by stepwise backward 

selection based on the log-likelihood comparison to the saturated model. 

For I. ricinus nymphs’ occurrence, a logistic Generalized Linear Model (GLM, family: binomial) was 

fit, including vegetation type, phytotype, tree species, traces of large wildlife, late-spring NDVI, air- 

and soil-height SD at sampling, and average daily SD of 15DbS as covariates. Site and park are 

included as random effects. 

For I. ricinus nymphs’ density, a negative binomial GLM was fit to adjust for overdispersion, including 

vegetation type, phytotype, tree species, traces of large wildlife, late-spring NDVI, air- and soil-height 

SD at sampling, and average daily SD of 15DbS as covariates. Site and park are included as random 

effects as well. 

TBP prevalence 

The mean prevalence of infected I. ricinus ticks is reported for each TBP alone and for coinfection, 

which was defined as the simultaneous infection of the same subject by two or more TBPs. 

Prevalence is reported at Park level along with 95% Confidence Intervals (CI). 

Acarological risk 

The probability of release of almost one infected I. ricinus in 100 m2 was determined by Acarological 

Risk (AR) as described in Mannelli et al. (2003): 

𝐴𝑅 = 1 − 𝑒−(𝑝𝑇) 

where p is the observed proportion of infected I. ricinus by a specific pathogen, and T is the mean 

number of I. ricinus collected in 100 m2. It was calculated using counts of nymphs infected by the 

TBD pathogens (TBP), as well as coinfected ticks. To predict point estimates and 95% confidence 

intervals of acarological risk an intercept-only Generalized Estimating Equation (GEE, family: 

negative binomial) model was used, with site as grouping variable. 

In the abstract we selected two out of the eight acarological risk estimates presented in the body of 

the text. Confidence intervals are valid until they are presented together with all the others, but not 

when they are selected to be presented independently because the uncertainty derived from 

selection process was not accounted for (Carugno et al., 2016). Therefore, we applied the 

appropriate correction as suggested by Benjamini and Yekutieli (2005). 

Statistical analysis was performed using STATA 15.1 (Stata Corp LLC, 4905 Lakeway Drive College 

Station, Texas 77845 USA). 

Results 

Descriptive analysis 
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From March 2012 to October 2014, out of 234 transects sampled 180 (76.9%) were positive for the 

presence of ticks. Ticks were collected in 120 out of 136 transects (88.2%) in La Mandria while in 60 

out of 98 (61.2%) in Stupinigi. Overall, 4371 ticks were gathered, of which 3886 (88.9%) were larvae, 

445 (10.2%) nymphs, and 40 (0.9%) adults (20 females and 20 males). The total number of ticks in 

La Mandria (n=4017, average per transect: 29.5, 95%CI: 28.6-30.4) was higher than in Stupinigi 

(n=352, avg.: 3.6, 95%CI: 3.2 – 4.0). In particular, the density of larvae and of nymphs per transect 

were greater, while adult density did not differ (data not shown). 

Five tick species were identified: I. ricinus (n=3156; 2777 larvae, 353 nymphs, 26 adults); I. 

acuminatus (3 nymphs); Dermacentor marginatus (n=35; 9 larvae, 23 nymphs, 3 adults); D. 

reticulatus (n=2 adults); Haemaphysalis concinna (n=1175; 1112 larvae, 67 nymphs, 6 adults). 

Ixodes ricinus was recovered in 169 transects (72.2%, n=234), of which 115 (68.1%) in La Mandria. 

Thirteen transects (5.6%, n=234) were positive for D. marginatus presence (10 in La Mandria, 3 in 

Stupinigi), two (0.9%) for D. reticulatus, three (1.3%) for I. acuminatus (1 in La Mandria, 2 in 

Stupinigi), and 83 (35.5%) for H. concinna (81 in La Mandria, 2 in Stupinigi). 

There was high variability in the density of I. ricinus nymphs among sites and parks (Table 1). In La 

Mandria, all but one sites were infested at least once every year. Conversely in Stupinigi, only half 

of the sites were infested by I. ricinus nymphs, and their occurrence was inconstant (< 30% of the 

times). In La Mandria, the odds of observing at least one I. ricinus nymph was two times larger than 

that in Stupinigi (OR = 2.1, 95%CI: 1.2-3.7). Accordingly, the density of I. ricinus nymphs was two 

and a half times greater (IDR = 2.5, 95%CI: 1.9-3.1). 

Univariate analysis 

Phytotype, tree species and vegetation type differed among the sites and the parks. The odds of 

occurrence of I. ricinus nymphs were 50% higher in the woods compared to the forest-pasture mixed 

environment (OR = 1.5, 95%CI: 1.1-2.1), as well as their median density which was higher in the 

woods than in the mixed environment (Figure 2). Conversely, the mean density of I. ricinus nymphs 

was lower in wooded transects (1.4 nymphs/100 m2, 95%CI: 1.2-1.6) than in mixed environment 

ones (1.8 nymphs/100 m2, 95%CI: 1.5-2.1). 

The most represented tree species in our study areas were cherry tree (n=167 transects), hornbeam 

(n=65), and oak (n=62). More frequent in La Mandria, the hornbeam was positively associated with 

both density (IDR = 1.3, 95%CI: 1.1-1.6) and occurrence (OR = 3.0, 95%CI:1.6-5.6) of I. ricinus 

nymphs. Some tree species were not present in both parks; for example, the white pine exclusively 

characterized site 03 of La Mandria, where the count of I. ricinus nymphs was far above the average. 

Traces of large wildlife were more frequently observed in La Mandria (77.9 ± 3.6%) than in Stupinigi 

(57.1 ± 5.0%) and they were associated with greater occurrence (OR = 2.3, 95%CI:1.3-4.1) and 

higher density (IDR = 2.3, 95%CI: 1.7-3.0) of I. ricinus nymphs (Figure 2). 

The air saturation deficit (SD) differed between parks (La Mandria: 10.1 ± 0.3; Stupinigi: 11.8 ± 0.4), 

and from SD at soil-height (La Mandria: 7.5 ± 0.3; Stupinigi: 8.6 ± 0.4). An association was observed 

between SD and both the occurrence of I. ricinus nymphs (ORair-height = 1.1, 95%C: 0.9-1.5; ORsoil-

height = 1.1, 95%CI: 0.8-1.4) and their density (IDRair-height = 1.0, 95%CI: 0.9-1.2; IDRsoil-height = 1.1, 

95%CI: 1.0-1.2).  

On the other hand, the hours since the sunrise were not associated neither with the presence, nor 

with the density of nymphs of I. ricinus. 

Regarding seasonality, we observed an increase in the occurrence and density of I. ricinus nymphs 

between April and May, then they decreased from May to September. Compared to May, the decline 

of occurrence was significant from July to October, while the density was significantly lower in all 

months. The lowest point was in August, when the presence and density were lower not only than 

in May, but also from the previous month. 

The average, minimum and maximum daily SD of the 15DbS were higher in Stupinigi compared to 

La Mandria (Table 3). The average of the previous fifteen days of the daily SD had a strong positive 

effect on the occurrence and density of I. ricinus nymphs. By contrast, the average of daily minimum 
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and maximum SD had a significantly negative association with the occurrence and density (Table 

3). 

Late spring NDVI was higher in La Mandria than in Stupinigi, and it was not associated with the 

occurrence of I. ricinus nymphs (OR = 0.3, 95%CI: 0.0-3.2). A negative association with nymphs 

density was observed (IDR = 0.3, 95%CI: 0.1-0.6). 

Multivariate analysis 

For the occurrence of I. ricinus nymphs, the final random-effects GLM (family: binomial) included 

late-spring NDVI, average daily SD of the 15DbS, and traces of large wildlife. The random effect of 
the transects was included, whence it explained part of data variability, while that of parks was 
excluded. The final model for the occurrence of I. ricinus nymphs showed a decrease in their 

prevalence when average daily SD and late spring NDVI were high. High values of late spring NDVI 
(>0.7) were associated to the absence of nymphs. Elevated values of average daily SD (>7mmHg) 
had a strong negative association to the presence of nymphs too, while a positive association was 
observed for values below 2 mmHg. The traces of large wildlife were associated to a 70% increase 
of I. ricinus nymphs’ occurrence. 
For the density of I. ricinus nymphs, the final negative binomial GLM was fit including late-spring 

NDVI, average daily SD of the 15DbS, and traces of large wildlife, too. Both level of random effect, 
namely park and transects, were excluded because the other covariates explain most of the 
variability of the data. The presence of wildlife traces was associated to an average increase of 2.2 
times in the density of nymphs. A lower density was associated to high values of late-spring NDVI, 

as well as to elevated values of average daily SD (Table 4). 

TBP prevalence. 

Overall, 379 I. ricinus (n=353 nymphs, n=26 adults, of which 13 females and 13 males) were tested 

for Borrelia burgdorferi s.l., Rickettsia spp., Anaplasma spp. and TBEV. Prevalence of infected I. 

ricinus ticks varied among parks for all TBP tested and for coinfected ticks too. (Table 5). 

The prevalence of Borrelia burgdorferi s.l. infection was 24.0% (95%CI: 19.7-28.3). Adults (42.3 %, 

95%CI: 23.3-61.3) were more infected than nymphs (22.7%, 95%CI: 18.3-27.0). Infection increased 

from April to June, then decreased to 0 % in September, and was higher in La Mandria than in 

Stupinigi (OR = 3.93, 95% C.I.: 1.91-8.07). No association was observed between the prevalence of 

Borrelia burgdorferi s.l. infection and NDVI (OR = 0.04, 95% C.I.: 0.00-47.65) or traces of large 

wildlife (OR = 0.90, 95% C.I.: 0.55-1.49). Out of 91 samples positive to Borrelia burgdorferi s.l., 59 

(64.8%) were identified as B. lusitaniae, 12 (13.2%) as B. afzelii, 3 (3.3%) as B. garinii, 1 (1.1%) as 

B. burgdorferi s.s.. Genospecies of 16 (17.6%) positive samples could not be identified. 

Rickettsia spp. infected the 30.6% (95%CI: 26.0-35.2) of I. ricinus individuals. Nymphs (31.0%, 

95%CI: 27.1-36.9) were more infected than adult ticks (11.5%, 95%CI: 0.0-23.8). Also, prevalence 

of Rickettsia spp. infection was higher in La Mandria than Stupinigi (OR = 5.65, 95% C.I.: 2.96-

10.80), while it was not associated with NDVI (OR = 0.01, 95% C.I.: 0.00-1.24), nor with traces of 

large wildlife (OR = 0.94, 95% C.I.: 0.61-1.43). Out of 116 samples positive to Rickettsia spp., 110 

(94. 8%) were identified as R. monacensis, 4 (3.5%) as R. helvetica, and 2 (1.7%) could not be 

identified to species level.  

Anaplasma spp. was detected in 2.8% of I. ricinus nymphs (95%CI: 1.1-4.6), and in 3.8% of adults 

(95% CI: 0.0-11.2). All eleven positive ticks were collected in La Mandria. Out of them, 4 (36.4%) 

were identified as A. phagocytophilum, while the species of the remaining samples could not be 

identified.  

Concurrent infection by at least two pathogens was observed in 43 (11.3%, 95%CI: 8.2-14.5) I. 

ricinus ticks (39 nymphs, 2 females and 2 males). Out of them, 2 (4.7%) were infected by all three 

pathogens, 36 (83.7%) by B. burgdorferi s.l. and Rickettsia spp., 3 (7.0%) by B. burgdorferi s.l. and 

Anaplasma spp., and 2 (4.7%) by Rickettsia spp. and Anaplasma spp. B. lusitaniae and R. 

monacensis were the pathogens most frequently associated (n=23). Among the Rickettsia genus, 

only R. monacensis was observed in coinfected ticks. La Mandria had a prevalence of coinfected 

ticks higher than Stupinigi (Table 35). 
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All I. ricinus ticks tested for Tick-Borne Encephalitis virus resulted negative. 

Acarological risk.  

Raw estimated acarological risk was 45.3% (95%CI: 30.0-64.0) for I. ricinus nymphs infected by B. 

burgdorferi s.l. and 56.2% (95% C.I.: 37.7-76.4) for nymphs infected by Rickettsia spp.; it was lower 

for nymphs infected by Anaplasma spp. (AR = 7.3%, 95%CI: 3.0-17.0) and for coinfected nymphs 

(AR = 26.5%, 95%CI: 16.1-41.7). For all TBP and for coinfected nymphs, the estimated acarological 

risk was higher in La Mandria than in Stupinigi (Table 6). 

Discussion 

Our study describes the presence of Ixodid ticks and TBD agents in two natural parks located near 

the city of Turin and characterized by different ecosystems and ecological features.  

Ticks and TBP were more abundant in La Mandria than in Stupinigi, and the difference is possibly 

explained by the diverse recent history of the parks. In fact, I. ricinus was deemed absent or very 

rare in the whole Turin province until the years 2000; however, its infestation on animals in La 

Mandria dates back to the 1980s at least, when Rossi and Meneguz (1989) highlighted its presence 

only inside this park and not in other study areas. We hypothesize that ticks have been introduced 

in La Mandria from other areas of Europe through the restocking of wildlife, finding here suitable 

conditions for their maintenance. This peculiarity persisted for years, since the park was enclosed 

and surrounded by roads and towns, with scarce possibility for wild ungulates to disperse. Thereby, 

tick infestation burdens in La Mandria are notoriously high, as it was confirmed by the results of our 

study. 

The sampling site 03 recorded the highest density of I. ricinus nymphs. The site was characterized 

by white pine as the only tree species and no underwood; hence it could appear unsuitable for tick 

survival. However, this site has been chosen as resting place by red deer and fallow deer (park 

rangers, personal communication), thanks to the good sunlight exposure, the proximity of water 

streams, and to the distance from areas highly frequented by park visitors; this could explain the 

high tick density. Conversely, the site 04 -the closest site to 03, recorded the lowest tick density and 

prevalence of the whole park. Site 04 is an artificial implant of poplars, directly exposed to sunlight 

in the summer, surrounded by open pastures and close to a road; it is probably too dry and disturbed, 

and park rangers reported it as seldom frequented by large animals. 

Stupinigi Park reflects the typical environment of peri-urban green areas, with cultivated fields, busy 

roads, and relative low presence of large wildlife. Human disturbance in this area likely limits the 

populations of wild ungulates, and therefore ticks abundance. 

Wildlife frequentation thus seems an important factor for explaining the difference in tick burdens 

between sites. Indeed, the traces of wildlife have been identified as a useful parameter to estimate 

the risk of infestation (Rosà et al., 2018). Vertebrates are essential for ticks’ maintenance and 

dispersal, and for the maintenance of disease cycles. 

Trout Fryxell et al. (2015) stated that, in some environments, habitat and vegetation characteristics 

are not enough to predict tick presence, even if considering plant evenness, canopy openness and 

plant diversity. Nevertheless, tree species can be considered as indicators of the habitat since they 

are bound to suitable micro-climatic conditions, and they play a key role in modifying soil micro-

climate as well. In our study, a positive association of trees with I. ricinus density was observed for 

hornbeam, as previously described in Italy (Bisanzio et al., 2008; Ceballos et al., 2014), while a 

negative association occurred for oaks. 

Our findings indicate forests as the most suitable habitat for maintaining the ticks’ populations, since 

tick occurrence was higher in wood sites than in ecotonal zones. On the other hand, the nymphs’ 

density reached greater values in ecotonal zones than in forests, which could be explained by the 

inconstant co-existence of various hosts in narrow areas, leading to an amplification of the number 

of ticks (Mazurkiewicz and Rajska-Jurgiel, 1987). 
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The density of I. ricinus nymphs is related to many variables that vary with calendar period. It peaked 

in spring and followed the same trend described in other geographical areas in Turin province 

(Garcia-Vozmediano et al., 2020b). Since the main issue for ticks is avoiding dehydration, the 

questing behaviour is affected by variables related to air moisture, which are conveniently measured 

by remote sensing, and can be used to describe an homogeneous climate niche at small scale 

(Estrada-Peña et al., 2013). Among these variables, saturation deficit is deemed a good predictor of 

the probability of collecting I. ricinus specimens. In our study, except for extreme condition of frosting 

temperature or strong dryness, saturation deficit was more associated with the density of I. ricinus 

nymphs than to their occurrence. Thus, it is plausible to hypothesize that SD affects the duration of 

questing behaviour more than the ticks’ survival. Very rainy spring months are usually associated 

with high ticks’ density; in 2013, we indeed registered the highest values of nymphal density, 

following heavy rains that hindered the first dragging session. Hence, it can be assumed that 

meteorological conditions may play a role not immediately, but lagged, as previously reported 

(Ehrmann et al., 2017; Kjær et al., 2019; Perret et al., 2000). In this study, only measures lagged by 

15 days were evaluated, since this was considered a sensible time interval. 

The number of hours of light also varies with seasons, and the time of the day has been related to 

tick activity (Perret et al., 2003). However, we did not observe any association between small 

variations in hours of light and the density of I. ricinus nymphs. 

Ixodes ricinus is deemed to be the main disease vector in Europe (Medlock et al., 2013). It was the 

most abundant species collected in both study areas and was infected by zoonotic bacteria. We 

identified three B. burgdorferi s.l. genospecies that cause Lyme disease in humans, and one whose 

pathogenicity is suspected (B. lusitaniae). The diversity of genospecies indicates the possible 

involvement of different vertebrate species as reservoir (mainly birds for B. garinii, rodents for B. 

afzelii and B. burgdorferi s.s., and lizards for B. lusitaniae; Mannelli et al., 2012). Also, Ixodes ricinus 

was infected by SFG rickettsiae, namely R. monacensis, the agent of Mediterranean spotted fever–

like cases, and R. helvetica, responsible of uneruptive tick bite fever (Parola et al., 2013). Finally, 

we detected A. phagocytophilum, the agent of granulocytic anaplasmosis, which rarely cause clinical 

disease cases in Europe (Matei et al., 2019). Around 11% of I. ricinus were coinfected by at least 

two pathogens; this constitutes a risk for public health, since people infected by multiple pathogens 

may experience more severe and acute illness, with atypical clinical symptoms (Swanson et al., 

2006). 

The prevalence of infection by the three TBP is in line with those reported in Piedmont region (Garcia-

Vozmediano et al., 2020b; Pintore et al., 2015), which suggests that it remained quite stable in the 

last ten years. The importance of historical data series in vector-borne zoonoses lies precisely in the 

ability to compare the prevalence of infestation and infection over time.  

Fortunately, our tick sample was negative to TBE virus, showing that the virus likely did not reach 

the area by 2014. Nevertheless, continuous surveillance is needed because of the severity of TBE, 

and considering that the disease is endemic in North-eastern Italy and has spread in Switzerland in 

the past few years (Casati Pagani et al., 2019). 

Due to I. ricinus willingness to bite humans, and to the fact that Lyme borreliosis –transmitted by 

I.ricinus– is the main zoonosis reported in Piedmont (https://www.seremi.it/), we only analysed this 

tick species for TBD agents. However, the other species collected can pose a health threat to visitors 

too, since they are recognized vectors of several viruses (including TBEV) and rickettsiales, and they 

are reported biting humans (Estrada-Peña et al., 2017). Haemaphysalis concinna, the second most 

collected species, adapts to a variety of habitats and animal hosts (Estrada-Peña et al., 2017). 

Dermacentor spp., that we collected in small numbers, are open-country tick species and they are 

considered emerging vectors in Europe (Rubel et al., 2016). Dermacentor marginatus is rather 

common in northern Italy, where adults are mainly associated to wild boar (Garcia-Vozmediano et 

al., 2020a). We also collected two D. reticulatus specimens; this species is typical of central Europe, 

where it is reported in urban and suburban areas (Rubel et al., 2016). Our findings confirm its recent 

occasional collection south of the Alps, including in northern Italy and Turin hillside (Garcia-

Vozmediano et al., 2020a). 
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The acarological risk estimates the probability of finding at least one infected I. ricinus nymph in 100 

m2 by considering the environment alone. Therefore, it overestimates the risk of being bitten by an 

infected nymph unless it is combined with a measure of human exposure (Millet et al., 2019). 

Acarological risk was worrisome in La Mandria, but most of the dragging sites were in wooded areas 

restricted to the public. This means that the risk is overestimated for the general population, but likely 

correct for the rangers who frequent those areas daily. On the other hand, none of the dragging sites 

in Stupinigi were restricted to public, but the tick burden and the infection rate were lower, with a 

consequent smaller hazard. Accordingly, in recent years forest rangers reported more and more tick 

bites in La Mandria but not in Stupinigi. This also indicates the particular risk of developing TBD in 

conditions of high exposure to ticks, like working in woodlands; assessing the risk for occasional 

visitors is more difficult, due to different behaviours that affect the exposure to ticks and the fruition 

of the park. 

Conclusion 

Climate and environmental changes, and an increase in wildlife populations, have been shown to 

affect tick abundance, and favour the introduction of tick vectors in new areas, as well as the 

appearance of new tick species (Medlock et al., 2013). 

Peri-urban areas are ever-increasingly affected by vector expansion (Grochowska et al., 2020), 

thanks to interventions on the urban green to mitigate urban heat islands and restore biodiversity 

(Braks et al., 2019). Green areas within and around the cities exert a positive effect on the quality of 

life and the citizens’ health (Cetin, 2015). The COVID-19 pandemic not only revealed the necessity 

to make cities more liveable, but also the danger of the close interaction with wild animal species. 

So, the risk of exposure to wildlife-associated pathogens should be considered when planning at the 

urban scale. For example, Piedmont Region is planning requalification projects in Stupinigi to remove 

most of the traffic, which will make this protected area more "natural": such projects will likely favour 

an increase of the tick density in the years to come. 

In the light of the increasing frequentation of urban and peri-urban green spaces, educational 

programs on personal protection are of key importance, in order to avoid tick bites and pathogen 

transmission (Braks et al., 2019). Although TBD remain quite rare diseases in Italy and other parts 

of Europe, the geographical expansion of ticks and the increasing number of reported tick bites 

highlight the need of enhancing surveillance and risk-communication programs.  
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Figure 1. Geographical characteristics of the study area are presented along with the administrative boundaries 

of the parks and the urban area of Turin. Sites’ location is identified by the numbers from 1 to 15, and for each 

one the average of I. ricinus nymphs’ density is reported. 
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Figure 2. Box plot of the density of I. ricinus nymphs/100m2 by park, vegetation type and traces of large 
wildlife. 
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Park Site Alt. 
(m) 

Predominant tree 
species 

Phytotypes Prev. % 
(obs./N) 

Mean ± 
std.dev. 

Median Min – 
Max 

La 
Mandria 
Regional 

Park 

01 340 Ash Plain oak forest 52.9 (9/17) 1.3 ± 1.6 1 0-5 

02 333 Red oak 
Monospecific 

artificial implant 
41.2 (7/17) 0.8 ± 1.1 0 0-3 

03 350 White pine 
Monospecific 

artificial implant 
82.4 (14/17) 6.7 ± 7.2 4 0-22 

04 363 Poplar 
Monospecific 

artificial implant 
5.9 (1/17) 0.1 ± 0.5 0 0-2 

05 355 
Swamp Spanish 

oak 
Two-species 

artificial implant 
58.8 (10/17) 1.4 ± 1.4 1 0-4 

06 396 Hornbeam Plain oak forest 82.4 (14/17) 2.9 ± 3.4 2 0-13 

07 338 Hornbeam Plain oak forest 58.8 (10/17) 1.2 ± 1.4 1 0-5 

08 382 Hazel Plain oak forest 64.7 (11/17) 1.5 ± 1.7 1 0-6 

TOT.     55.9 (76/136) 2.0 ± 3.5 1 0-22 

Stupinigi 
Natural 

Park 

09 257 Hazel Plain oak forest 13.3 (2/15) 0.7 ± 2.6 0 0-10 

10 259 Hazel Plain oak forest 26.7 (4/15) 0.3 ± 0.6 0 0-2 

11 262 Ash Plain oak forest 50.0 (6/12) 0.7 ± 0.8 0.5 0-2 

12 256 Hornbeam Plain oak forest 71.4 (10/14) 1.4 ± 1.3 1 0-4 

13 254 Oak Plain oak forest 21.4 (3/14) 0.3 ± 0.6 0 0-2 

14 257 Red oak Plain oak forest 21.4 (3/14) 0.3 ± 0.6 0 0-2 

15 261 Hazel Plain oak forest 71.4 (10/14) 2.0 ± 2.1 1.5 0-7 

TOT.     38.8 (38/98) 0.8 ± 1.5 0 0-10 

Table 1. Environmental characteristics of dragging sites, prevalence of I. ricinus nymphs, and mean, median, 

min. and max. density of I. ricinus nymphs / 100 m2. [Alt.: Altitude in metres above sea level; Prev.: Prevalence 

of transects positive for the occurrence of I. ricinus nymphs; std. dev.: standard deviation]. 

Month Occurrence of I. 
ricinus nymphs (%) 

OR (95% CI) I. ricinus nymphs’ 
density/100m2 

IDR (95% CI) 

April 65.5 ± 48.4 0.5 (0.2-1.4) 1.8 ± 2.3 0.6 (0.4-0.8) 
May 77.5 ± 42.3 1 (ref.) 2.9 ± 4.4 1 (ref.) 
June 60.9 ± 49.9 0.5 (0.1-1.4) 2.0 ± 3.0 0.7 (0.5-1.0) 
July 58.3 ± 49.7 0.4 (0.2-1.0) 1.9 ± 3.3 0.7 (0.5-0.9) 

August 23.7 ± 43.1 0.1 (0.0-0.3) 0.5 ± 0.9 0.2 (0.1-0.3) 
September 11.1 ± 31.9 0.0 (0.0-0.1) 0.1 ± 0.3 0.0 (0.0-0.1) 
October* 25.0 ± 46.3 0.1 (0.0-0.6) 0.3 ± 0.5 0.1 (0.0-0.3) 

Table 2. For occurrence and density of I. ricinus nymphs, monthly means are reported with standard deviations. 
Odds Ratios and Incidence Density Ratios for monthly measures compared to May are reported along with 
their Confidence Interval [*: only La Mandria was sampled in October 2014; OR = Odds Ratio; IDR = Incidence 
Density Ratio; CI = Confidence Intervals]. 

 

Saturation Deficit La Mandria Stupinigi OR 95% CI IDR 95% CI 

Minimum 0.9 ± 0.6 1.2 ± 0.9 0.4 0.2-0.8 0.5 0.3-0.6 
Average 4.3 ± 1.5 4.8 ± 1.3 4.0 1.8-8.6 2.9 2.1-3.9 

Maximum 6.0 ± 1.5 6.7 ± 1.4 0.2 0.2-0.5 0.4 0.3-0.5 

Table 3. The average, minimum and maximum saturation deficit (SD) by parks are reported as mean and 
standard deviation. Odds Ratios and Incidence Density Ratios estimated by univariate analysis on occurrence 
and density, respectively. The OR and the IDR show the effect of a 1 mmHg increase in SD mean over a 15-
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days period before the sampling date [OR = Odds Ratio; IDR = Incidence Density Ratio; CI = Confidence 
Intervals]. 

 

Variable Occurrence of I. ricinus nymphs Density of I. ricinus nymphs/100m2 

OR 95% CI IDR 95% CI 

Late-spring NDVI 0.02 0.00-0.58 0.22 0.05-0.99 
Avg. daily SD (15DbS) 0.52 0.31-0.87 0.77 0.61-0.98 

Traces of wildlife 1.66 0.66-4.19 2.19 1.34-3.58 

Table 4. Results of the final binomial random-effects GLM for the occurrence of I. ricinus nymphs (left) and 
negative binomial GLM for density of I. ricinus nymphs (right) [OR = Odds Ratio; IDR = Incidence Density 
Ratio; CI. = Confidence Intervals]. 

. 

 B. burgdorferi s.l. Rickettsia spp. Anaplasma spp. Coinfected I. ricinus 
Park Prev.  95% CI Prev. 95% CI Prev. 95% CI Prev. 95% CI 

La Mandria 28.5 23.3-33.7 37.2 31.6-42.7 2.9 1.2-4.6 13.9 9.9-17.9 
Stupinigi 9.9 3.8-16.0 9.9 3.8-16.0 0.0 - 3.3 0.0-7.0 

Table 5. Prevalence (%) of infected I. ricinus ticks in the two parks. Aggregated infection prevalence by Borrelia 
burgdorferi s.l., Rickettsia spp., Anaplasma spp. and of concurrent infection by at least two different pathogens 
are reported [Prev. = Prevalence; CI = Confidence Interval]. 

 

 B. burgdorferi s.l. Rickettsia spp. Anaplasma spp. Coinfected I. ricinus 
Park AR 95% CI AR 95% CI AR 95% CI AR 95% CI 

La Mandria 59.1 40.7-78.3 71.3 50.0-89.5 12.0 5.7-24.2 36.9 23.9-54.0 
Stupinigi 15.2 8.1-27.3 17.4 10.6-27.9 0.0 - 6.8 2.5-18.1 

Table 6. Estimated acarological risk (%) by park, i.e. the cumulative risk of finding at least one I. ricinus 
nymph which is infected by B. burgdorferi s.l., Rickettsia spp., Anaplasma spp. or by two or more of them, in 
100m2 [AR = Acarological Risk; CI = Confidence Interval]. 
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