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Abstract 

Ticks drive a wide diversity of pathogens to a great variety of hosts, including humans. We conducted a 

tick surveillance study in northwestern Spain between 2014 and 2019. Ticks were removed from 

people and were identified. Tick numbers, species, development stages, evolution over time, seasonal 

and geographical distribution, and epidemiological characteristics of people bitten by ticks were 

studied. We collected ticks from 8143 people. Nymphs of Ixodes ricinus were the most frequently 
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collected. Rhipicephalus bursa, Rhipicephalus sanguineus sensu lato (s.l), Hyalomma marginatum, 

Hyalomma lusitanicum, Dermacentor marginatus, Dermacentor reticulatus and Haemaphysalis 

punctata were also found, with adults as the main stage. Hyalomma spp. and R. bursa have been 

progressively increasing over time. Although bites occurred throughout the year, the highest number 

of incidents were reported from April to July. The distribution patterns of the tick species were 

different between the north and the south of the region, which was related to cases detected in 

humans of the pathogens they carried. Adult men were more likely to be bitten by ticks than women. 

Ticks were most frequently removed from adults from the lower limbs, while for children they were 

mainly attached to the head. Epidemiological surveillance is essential given the increase in tick 

populations in recent years, mainly of species potentially carrying pathogens causing emerging 

diseases in Spain, such as the Crimean Congo Hemorraghic Fever (CCFH). 

1. Introduction 

Ticks are hematophagous parasites distributed worldwide, and they are of great 

importance from an epidemiological and clinical point of view. They can transmit a wide 

variety of pathogens, such as viruses, bacteria and protozoa (Estrada-Peña and Jongejan, 

1999). Furthermore, they have a great impact in the veterinary field due to economic losses 

due to morbidity and mortality, affecting 80% of the world´s cattle population (Yitayew and 

Samuel, 2015) with a total cost of tick-borne diseases (TBDs) estimated to be between 14 and 

19 billion dollars globally per year (Ghosh et al., 2007). Tick-borne diseases are a growing 

public health concern, and their incidence is clearly increasing worldwide- just look at the 

increase in the USA of Lyme and human ehrlichiosis and of TBE and haemorrhagic fever cases 

in Europe and Asia (Rochlin and Toledo, 2020)-due to several interacting factors (Dantas-Torres 

et al., 2012)(Estrada-Peña et al., 2017a). The ecological characteristics of these vectors affect 

their epidemiology, with their activity cycles closely related to environmental factors, such as 

temperature and relative humidity, which are fundamental for their survival. Climate change 
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or weather variability are just two of the many factors that determine tick population 

abundance, but there are also other variables of importance, such as composition, host 

community abundance and landscape features (Gortazar et al., 2014) (Estrada-Peña and De La 

Fuente, 2014) (Estrada-Peña et al., 2004). 

Ticks from 896 species are known around the world, and the most prevalent Ixodidae 

family comprises 702 species in 14 genera. Moreover, Ixodid ticks are the main vectors of 

zoonotic pathogens in Europe (Gilbert, 2010), for which we found five genera (Ixodes, 

Dermacentor, Haemaphysalis, Rhipicephalus and Hyalomma) and 54 species, with I. ricinus 

being the most widely distributed tick (Estrada-Peña et al., 2004) (Rizzoli et al., 

2014)(Boulanger et al., 2019). Lyme borreliosis is the most prevalent tick-borne disease in 

Europe and it is caused by Borrelia burgdorferi sensu lato (s.l.) complex (Cull et al., 2019). On 

the Iberian Peninsula, we found 4 main genera of ticks that bite humans: Ixodes, Dermacentor, 

Rhipicephalus and Hyalomma, which are potential transmitters of B. burgdorferi sensu lato, 

several genospecies of Rickettsia, Anaplasma phagocytophilum and the Crimea-Congo virus. 

The association between global warming and the emergence of TBD is well 

documented in Europe and Eurasia (El-Sayed and Kamel, 2020). The geographical expansion of 

tick species is directly related to the emergence of new infectious diseases, which makes it 

more necessary than ever to understand the dynamics and distribution of ticks. Although there 

is much previous information about the distribution of ticks in several areas of Spain, the data 

come mainly from the study of captured ticks in the environment, either on vegetation or on 

animals (wild and domestic) (Estrada-Peña et al., 2004)(Barandika et al., 2008)(Fernández de 

Mera et al., 2013)(Requena-García et al., 2017)(Remesar et al., 2019b)(Estrada-Peña et al., 

2017b). There is also a very exhaustive study of ticks removed from people in Castilla y León 

carried out by our group (Fernández-Soto, 2003) in the period corresponding to 1997–2002. A 

long time has passed since then and given the emergence of new species of ticks and the 
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introduction of new TBDs, such as Crimean Congo haemorrhagic fever (CCHF) and DEBONEL 

(Dermacentor-borne necrosis erythema and lymphadenopathy), it seems essential to re-

examine the current situation in this area of Spain. Thus, the purpose of this work is to update 

data about species of ticks removed from people and their spatial and temporal patterns. This 

will allow us to identify the risk areas, activity peaks and dynamics of these pathogen carriers. 

 

2. Methods 

2.1. Study site/site selection 

This study was performed in Castilla y León (41°23′0″ N, 4°27′0″ W), an area located 

in northwestern Spain. It covers a surface of 94.224 km2 and is the most extensive region of 

the European Union. Although there is a marked continental climate in most of the territory, 

characterised by cold winters and hot summers with short periods of spring and autumn, 

regional variations in both temperatures and rainfall allow us to distinguish different climatic 

domains in the region. Continentalised Mediterranean in the centre, with semi-arid enclaves in 

some areas, mountain Mediterranean in mountainous areas in the north-east, east and south, 

and Atlantic in the north (Fig. 1). This great geomorphological and bioclimatic variety together 

with its vast extension gives rise to a great range of climatological conditions and ecosystems 

which undoubtedly condition the geographical distribution of the different tick species. Castilla 

y León is rich in forests and ample wooded areas and the privileged geographical situation of 

the northern subplateau makes it a region of special interest as an area of passage, breeding 

and wintering of birds from central and northern Europe and the African continent. 
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Figure 1. Map of the area of study (Castilla y León, NW Spain). 1a. Altitude. 1b. Medium Annual 

Temperature. 

 

2.2. Tick collection and identification 

During 2014–2019, ticks were collected from people who went to Primary Healthcare Centres 

and Hospital Emergency Services in Castilla y León for their removal through a programme of 

the Junta de Castilla y León for the prevention and control of tick-borne anthropozoonoses. 

The ticks were removed from the hosts with tweezers and sent to our laboratory (Laboratory 

of the Faculty of Pharmacy at the University of Salamanca) at room temperature in a 

container. Each tick was morphologically identified under a binocular lens as to life stage and 

species using taxonomic reference keys (Gil-Collado, J., Guillén, J. L., y Zapatero, 1979)(Estrada-

Peña et al., 2004)(Estrada-Peña, A.; Mihalca, A.D.; Petney, 2017)(Apanaskevich et al., 2008). 

Each tick was classified to species except in the case of R. sanguineus sensu lato ticks which 

were identified only to "group" level as the re-definition of R. sanguineus sensu stricto (Nava 
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et al., 2018) was not available during most of the study. Rhipicephalus turanicus specimens 

were also reported as R. sanguineus s.l. Tick species, developmental stages (larva, nymph, 

adult), sex and feeding degree were recorded, as well as the epidemiological characteristics of 

the patients (age, sex, geographical location) and anatomic location of the attachment of the 

tick on the patient. A unique individual identification number was assigned to each tick and its 

corresponding file.  

2.3. Geopositioning and Data analysis 

Information about tick bites were obtained from the database of the center of reference of the 

Biomedical Research Institute of Salamanca-Research Center for Tropical Diseases at the 

University of Salamanca. To obtain the geographical coordinates of every tick bite we geocode 

the locations of tick collections using “Batch geocoder for journalists” 

(https://geocode.localfocus.nl), prior data curation. The latitude and longitude then were 

projected to the coordinate reference system ETRS89 to map the distribution of the species of 

interest through the years and the median temperature in the provinces of the autonomous 

community of Castilla y León, using pretty breaks as data classification method. All the maps 

were done in QGIS 3.18.3 (QGIS Geographic Information System, 2022).    

Absolute frequencies were used to summarize the number of ticks of every species and show 

visual tendencies across 1: years, 2: seasons. Relative frequencies converted in percentages 

were used to show visual tendencies between sex and the stages collected of the specimens, 

and both frequencies were used to show epidemiological characteristics of people bitten by 

ticks.  

In addition, we search for signals of displacement in the geographic distribution of the collects. 

For the visual pattern we used geographic coordinates of the previous geocode step. The 

comparative figures were done in the package ggplot2 (Wickham, H., 2016), in the statistical 

environment R (R Core Team, 2021). Kruskal-Wallis rank sum test and Pairwise comparisons 
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using Wilcoxon rank sum test with continuity correction were used for statistical support in R. 

A chi square analysis was done to evaluate differences in sex specimens.  P-values were 

adjusted using false discovery rate and Bonferroni methods, considered less than or equal to 

0.05 as statistically significant. 

 

3. Results 

3.1. Tick numbers, species, development stages and evolution over time 

A total of 8143 ticks were collected over 6 years of which 7345 of them were identified 

to the species level, and their stage (larvae, nymph and adult) was determined. The remaining 

798 were discarded as their morphological identification was impossible due to the structural 

and conservation state in which they were received. Ixodid ticks belonging to 5 genera and 8 

species were found; I. ricinus was the most frequent species infecting humans (50.1%), 

followed by R. bursa (12.6%), R. sanguineus s.l (10.2%), H. marginatum (10%), D. marginatus 

(8.6%), H. lusitanicum (4.2%), D. reticulatus (2.7%), and H. punctata (1.6%). Although this 

general trend has been maintained over the six years of the study, during recent years, there 

has been a clear increase in H. lusitanicum and Rhipicephalus bursa. 

Regarding the temporal distribution, while some species remained stable over time (D. 

reticulatus, and H. punctata), others underwent changes. H. lusitanicum is a clear example of 

how a specie has increased over time, especially since 2015. Similarly, this occurred with R. 

bursa, with a huge growth spike in 2019. D. marginatus and H. marginatum had roughly 

identical temporal distributions with clear downward trends in 2017 and 2018 before 

recovering in 2019. R. sanguineus and I. ricinus have both of them their maximum peak in 

2015. Despite this, both species exhibite an downward trend (Figure 2). 
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Figure 2. Number of ticks recovery and evolution over time. Eight species were included in the study 
carried out between 2014-2019. Ticks belonged to Ixodes ricinus, Hyalomma marginatum, Hyalomma 
lusitanicum, Haemaphysalis punctata, Dermacentor marginatus, Dermacentor reticulatus, Rhipicephalus 
bursa and Rhipicephalus sanguineus. 

The adult stage (male and female) was the most frequent in all species except for 

Ixodes, where nymphs (57.3%) were collected in much larger numbers. For Dermacentor, 

Haemaphysalis and Rhipicephalus, females were the predominant stage (64.8%, 58.4% and 

56.3%, respectively), while for Hyalomma, the adults recovered were mainly males (66%). 

These sex differences were statistically significant (P < 0.05). When we analysed the 

interspecies percentage of females and males, we observed no intra-species variability. (Figure 

3). 

 

Figure 3. Number of tick species according to developmental stages (larvae, nymph and adult). 
Predominant stages were adult females for Dermacentor, Haemaphysalis and Rhipicephalus,, while for 
Hyalomma were mainly adult males. Ixodes was the exception with nymphs as the predominant stage. 
These sex differences were statistically significant (P < 0.05). 
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3.2. Seasonal and geographical distribution of ticks 

The highest number of tick bites (69% of the total) was reported during the months of 

April to July. Ixodes was the most frequent and widely distributed tick throughout the year, 

independent of the month, while all other species showed marked seasonality (Figure 4). 

Although Ixodes spp. was detected throughout the year, its highest detection levels were in 

spring, autumn and late winter for the adult stage and spring and summer for the nymphs 

(June mainly). Hyalomma was infrequent in winter and autumn, with peak activity in spring 

and early summer. 

 

Figure 4. Seasonality of tick bites on humans. Species sampled by season and year: winter (December–
February), spring (March–May), summer (June–August), and autumn (September–November). A. Ixodes 
ricinus. B. Hyalomma marginatum, Hyalomma lusitanicum, Haemaphysalis punctata, Dermacentor 
marginatus, Dermacentor reticulatus, Rhipicephalus bursa and Rhipicephalus sanguineus. All ticks 
belonging to each genus showed a repetitive pattern over time.  

Rhipicephalus had two peaks of activity in spring and summer and then practically 

disappeared in autumn and winter. Dermacentor showed pronounced seasonality with two 

annual peaks of maximum activity in spring and autumn for D. marginatus (47.2%-26.16%) and 

autumn and winter for D. reticulatus (34.3%-32.8%) although it also has an important presence 

in spring (30%) with very little or no presence in summer (8.7%-2.8%). Most D. marginatum 

bites were in April and May with slightly lower peaks in October and March, while most bites 

by D. reticulatus occurred in December and March, with a smaller peak in April. Haemaphysalis 

had a very low occurrence and was limited to spring (May and June).  
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The geographical distribution showed variations among the different species of ticks 

(Figure 5). 

 

Figure 5. Geographical distribution of ticks. Dermacentor spp., Ixodes ricinus and Haemaphysalis 
punctata are mainly distributed in the North. Hyalomma spp. in the South and Rhipicephalus spp. shows 
a somewhat different distribution with interspecies variations although the largest number of specimens 
is still in the South. 
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Ixodes ricinus was present in all areas, with a higher prevalence in the northeast. 

Dermacentor spp. was also mainly distributed in the northern areas for both species. The two 

species of Hyalommma were detected in all provinces but mainly in the south. 

Rhipicephalus spp. showed differences in the distribution of the species. R. bursa is 

mainly distributed in the south, while R. sanguineus is distributed in both the south and the 

north, with more presence in the northeast.  Haemaphysalis was the less represented genus, 

mostly found in the northeast, with little or null presence in the other areas. 

Looking at how the position of the ticks has varied over the years by analysing latitude 

and longitude (Figure 6), we can see that when analysing the data as a group there is a 

tendency to move northwards and westwards. In the case of longitude, this is statistically 

significant both at the group level and by year, specially between 2014 and 2015 with 2019 (P< 

0.05 pairwise comparison). 

 

Figure 6. Geographical displacement. Towards northwards and westwards 

 Kruskal-Wallis rank sum test. p-value  < 0.05 

3.3. Epidemiological characteristics of people bitten by ticks 

Data on sex, age and sites of tick bites in people are shown in Table 1. Regarding the 

sex of people bitten by ticks, 65.3% were male and 34.7% female. Ticks were collected from 

people of all ages: 27% of those bitten were children (<14 years), and the remaining 73% were 
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adults. The least number of bites was found in the 15–35 age group. In contrast, the group 

most frequently bitten by ticks was the 55+ age group. 

Table 1. Epidemiological characteristics of people bitten by ticks (2014-2019). Sex, age and bite sites 
are specified for each tick species. 

 

If we look at each of the species separately, we observed that I. ricinus, R. bursa, D. 

marginatum, H. marginatum and H. lusitanicum predominantly bit the 55+ age group, while R. 

sanguineus and H. punctata predominantly bit the children's age group (0–14). 

Ticks were most frequently removed from adults from the lower limbs (28.8%), and 

children were mainly bitten on the head (40.8%). Particularly, Ixodes ricinus and Hyalomma 

spp. bit mainly on the lower limbs, while Rhipicephalus spp., Dermacentor spp. and H. punctata 

had a preference for the head. 

 

4. Discussion 

The emergence of novel tick-borne diseases in recent years makes it essential to 

understand the distribution of tick populations. Although there are already studies on the 

distribution of ticks in different areas of Spain (Barandika et al., 2008)(Fernández de Mera et 

al., 2013)(Requena-García et al., 2017)(Remesar et al., 2019b)(Estrada-Peña et al., 

2017a)(Merino et al., 2005)(Fernández-Soto, 2003)(Fernández-Soto et al., 2006), data on tick 
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species, their distribution and activity have probably undergone changes and evolution in 

recent years. The present study provides epidemiological information on the diversity, relative 

abundance and seasonal and geographic distribution of human-biting ticks in Castilla y León 

(northwest Spain) over a six-year span (2014–2019), allowing us to understand tick activity and 

the periods of highest risk to humans. 

 Ixodes ricinus was the most predominant and widely distributed species, both 

spatially and temporally, with a clear dominance over the others, followed by R. bursa. These 

results coincide with those observed in other studies carried out by our group seventeen years 

ago (Fernández-Soto, 2003), in which I. ricinus and R. bursa were also the prevalent species. 

However, data about other ticks have changed over the years. H. marginatum is currently the 

fourth most frequently removed species from humans, almost even with R. sanguineus s.l, 

whereas in a previous study (1996-2002), it was ranked fifth behind D. marginatus. 

Nevertheless, the percentage of recovered ticks belonging to D. marginatus was higher in the 

1997–2002 period. The most evident case of a change in distribution patterns and abundance 

is found for H. lusitanicum, which currently accounts for 4.2% of the ticks removed from 

humans, compared to 0.85% in the previous study. In this sense, keep in mind that ticks of the 

genus Hyalomma are the main vectors of CCHFV, which is currently considered an emerging or 

possibly a re-emerging pathogen in southern Europe. Although the presence of this virus was 

already reported in Spain in 2010 (Estrada-Peña et al., 2012) an increase in human CCHFV 

cases in Spain and, more specifically, in Castilla y León has been detected, as reported by our 

group (Monsalve Arteaga et al., 2021)(Monsalve-Arteaga et al., 2020). The increase in human 

cases matched the increase in Hyalomma ticks observed in this area. All observed changes in 

both distribution patterns and frequency of ticks are determined not only by biotic factors 

such as climate or abiotic factors (vegetation), but also by the accessibility of hosts. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 March 2022                   doi:10.20944/preprints202203.0250.v1

https://doi.org/10.20944/preprints202203.0250.v1


15 
 

 
 
 
 

The predominance of I. ricinus over the other species is not unique to the study area. 

The same pattern has been observed in studies carried out in different locations in Spain 

(Requena-García et al., 2017)(Espí et al., 2017)(JF et al., 2011)(Fernández-Soto, 2003)(Remesar 

et al., 2019a)(Fernández-Soto et al., 2006) and in European countries such as Belgium, Italy, 

Sweden, the Netherlands, the United Kingdom, Finland, Norway, Romania and Germany 

(Lernout et al., 2019),(Battisti et al., 2019),(Lindblom et al., 2016), (Jahfari et al., 2016),(Cull et 

al., 2019),(Lindblom et al., 2014), (Jahfari et al., 2016), (Hjetland et al., 2013), (Briciu et al., 

2011), (Faulde et al., 2014). The nymph is the predominant stage of I. ricinus, which is also 

consistent with what has been observed in a study previously conducted by our group 

(Fernández-Soto, 2003). Our results compared with those obtained across Europe are lower 

than those reported in Belgium and Great Britain, higher than those in Italy and similar to 

those in Sweden (Lernout et al., 2019), (Cull et al., 2018). 

Although we cannot conclude that ticks have a preference among human hosts 

according to their sex, of the 7862 participants included in this study, 65.7% were men and 

34.3% were women. This preference for males was very similar to what was observed by 

Fernández Soto in 2003 (62% men and 38% women). The fact that this pattern remains the 

same as it was almost 20 years ago may indicate that the occupational and behavioural habits 

in terms of outdoor activities among men and women have not changed. Thus, 23% of tick-bite 

victims are in the age group 14 years old or younger, while the 15–35 group has the lowest 

number of tick bites at 16%, in line with northern Europe (Wilhelmsson et al., 2013) and 

Belgium (Lernout et al., 2019). 

Differences in anatomical sites of attachment were observed for both children and 

adults. Tick bites occurred most frequently on the lower limbs and thorax in adults and on the 

head in children. Similar results have been observed in other studies in western and northern 

Europe, with a predominance of bites on the legs in adults and the head and neck of children 
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(Wilhelmsson et al., 2013)(Cull et al., 2019)(Hügli et al., 2009)(Robertson et al., 2000) (Pańczuk 

et al., 2019). These apparent preferences, as suggested by some authors, are probably due to 

the morphological, behavioural and physiological differences between men and women and 

adults and children. Adult legs and children´s heads are the most accessible places for ticks 

since they are at the height of the vegetation where ticks are searching for a host. 

Although ticks are removed during all months of the year, the highest number of tick 

bites are recorded during spring and summer, with a peak of tick activity in June and July, as 

observed in this same area in previous studies. These data are also in accordance with several 

studies carried out in Europe (Briciu et al., 2011) (Weisshaar et al., 2006) (Wilhelmsson et al., 

2013) (Cull et al., 2019) (Hügli et al., 2009)(MT et al., 1999)(Robertson et al., 2000). When 

looking at the temporal distribution of the different genera, we observed that adults of Ixodes 

were detected throughout the year but mostly in spring, autumn and later winter (March), 

which differed somewhat from previous years in the same study area where adults were biting 

mainly in autumn and spring but not in winter (Fernández-Soto, 2003). These activity patterns 

are similar to those in several countries of northern Europe (Cull et al., 2019) (Lindblom et al., 

2016) (Briciu et al., 2011) (Lernout et al., 2019). Hyalomma is infrequent in winter, with its 

peak activity in spring and summer, with June and July being the months with the most 

reported cases for both species. In recent years, we have seen that H. marginatum bites are 

being brought forward to May. The activity pattern of Rhipicephalus has been maintained in 

northwestern Spain over time, with two peaks in spring and summer, although as with 

Hyalomma, in the case of R. bursa, there are many reports of bites as early as May. 

Dermacentor shows a particular seasonality being practically absent in summer for both 

species which could lead us to think that it does not feel comfortable with hot temperatures. 

D. marginatus presents a bimodal activity pattern with peaks in spring (April-May) and 

autumn, and the peak number of bites always in April. In the case of D. reticulatus bites occur 
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similarly in autumn, winter and spring (from October to March). This differs from that 

observed in Belgium, where the highest peaks of activity occur in spring (March-May and the 

late summer and autumn (August-November) (Lernout et al., 2019). Haemaphysalis is 

practically limited to spring. Although previous studies have reported cases in summer, we 

have not seen them. 

While studying the geographical distribution of the ticks, we observed quite stable and 

different distribution patterns between the north and the south. These distribution patterns 

were determined by various climatic (temperature and humidity) and ecological factors. D. 

marginatus, D. reticulatus and H. punctata were mainly distributed in the north of the study 

area, although the greatest increase in D. marginatus has been seen in the south-west. On the 

other hand H. marginatum, H. lusitanicum and R. bursa were found in greater numbers in the 

south. H. marginatum is expanding its habitat to south-western areas and H. lusitanicum in 

recent years to arid or semi-arid areas in the west. The wider distribution of Hyalomma in the 

south could explain the increasing occurrence of Crimea Congo observed in this area in recent 

years. Finally, I. Ricinus, and R. sanguineus were distributed in both areas. However, the 

greatest number of specimens was found in the northeast for both of them especially  I. 

ricinus. 

 

5. Conclusions 

Our results show that humans from northwestern Spain are mainly bitten by I. ricinus 

nymphs. Ticks bite particularly on the legs of adults and on the head of children. Therefore, 

although the peak season for tick bites is spring and summer, tick bites are becoming 

increasingly frequent in autumn and even winter. Seasonal tick patterns have changed in 

recent years, both in Spain and elsewhere in Europe so that many species of ticks have 

expanded their distribution. The increased period of activity increases the likelihood of being 
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bitten and therefore of being infected by a tick-borne pathogen. This study is essential for 

proper epidemiological surveillance. Moreover, knowledge of tick populations and human 

exposure to tick bites could suggest ways to reduce the risk of tick-borne diseases. 
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