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Abstract An increment in human tick bite cases has been noticed in Eastern Spain in the last years. Three tick species has been
detached from patients assisted at Vall d’Alba Heath Center during 2018 and 2019: Dermacentor marginatus, Hyalomma
lusitanicum and Rhipicephalus sanguineus. H. lusitanicum, with 204 tick bite cases (86.8%), has been the preponderant tick on
humans. Of them, 116 females has been used to analyze the scutal index (SI) like the relation between the idiosoma length and
the scutum width. The Sl of H. lusitanicum ranges from 1.67 to 9.09, being the 80.2% of females belonging to the group of low
Sl value (1.67-2.22) and 6.0% of females that reaches the maximum grade of engorgement (Sl 3.38-9.08). The scutal index,
because of the tick engorgement during the feed period, may be used to estimate the time that ticks remain attached to human
patients thus assisting with the assessment of pathogen transmission risk.
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INTRODUCTION

Ticks (Acari: Ixodida) are blood-sucking arthropods living as ectoparasites on several groups of vertebrates, but they
incidentally also turn to humans as a host. Due to this feeding behavior, these ixodids are very efficient carriers of
many types of pathogenic agents such as protozoans, bacteria and viruses. Ticks are currently considered to be, second
only to mosquitoes, the most important group as vectors of human infectious diseases in the world (de la Fuente et al.,
2008). The species Hyalomma lusitanicum Koch, 1844 is distributed through the western Mediterranean Basin. The
flat adult ranges between 5-6mm in length when unfed. Its one year cycle includes three hosts from two species.
Larvae and nymphs feed on lagomorphs but adults usually feed on domestic and wild ungulates particularly cervids
and bovines. All stages are more active along spring and summer, and adults show a peak in April-July. The host
seeking behaviour is based in an energetic hunter strategy. This tick has been reported from humans (Estrada-Pefia et
al., 2017).

H. lusitanicum is involved in the transmission of a number of pathogens. The vectorial capacity has been
proofed to protozoans (Theileria spp.), apicomplexans (Babesia spp.) and bacteria like Rickettsiales (Anaplasma spp.,
Ehrlichia spp.), Legionellales (Coxiella burnetii - agent of Q fever), Spirochaetales (Borrelia burgdorferi - agent of
Lyme disease) and Thiotrichales (Francisella tularensis - agent of Tularemia) (Estrada-Pefia et al., 2017). This tick is
also vector of the Crimean-Congo haemorrhagic fever virus. In fact, H. lusitanicum ticks has been detected in Spain as
vectors of this virus in relation with red deers (Estrada-Pefia et al., 2012; Negredo et al., 2019) and where the virus has
been the cause of fatal cases in humans although the identification of the vector was not corroborated being very
probably hyalomma ticks (Negredo el al., 2017).

The risk of developing any tick-borne disease in humans after a tick bite depends of several factors, including
among others the duration of tick feeding period. Several studies have estimated a significant positive correlation
between attachment duration of tick and disease symptoms. Long attachment period after 48-72 hours facilitates the
pathogen transmission to the host and then the potential symptomatic infection, which has been demonstrated both in
animal or human studies (Piesman, 1993; Sood et al., 1997; Tijsse-Klasen et al., 2011).
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The duration of tick attachment can be determined based on the named scutal index which is a measurement of
the engorgement degree when females and nymphs feed on the host because of the exponential increase in body size
with the ingestion of blood and the inflexible scutum state (Falco et al., 1996). The scutal index is estimated as the
relation between the idiosoma length (from the anterior edge of the scutum to the posterior tip of the opisthosoma) and
the scutal width (maximum width of the scutum). The scutal index value for each tick is useful to calculate the
duration of tick attachment in time groups of hours (Sood et al., 1997; Gray et al., 2005; Meiners et al., 2006).

An unusual increase in the number of the people treated because of tick bites in Health Care Centers of
northern of Valencian Autonomous Region (Province of Castellon - Spain) detected over the years 2018-2019 has led
to further investigations of the incidence of ticks on humans.

The objectives of the present study are to explore if there is a species of preponderant tick that attacks people
in the geographic area considered, and if the population of this or these ticks shows a differential range of scutal index
which indicates several attachment periods on the human patients.

MATERIALS AND METHODS

Throughout 2018 and 2019 a number of ticks was collected on patients with one or more ticks attached to their body
who have requested medical consultation at Vall d'Alba Health Center (central region of the province of Castellon -
Eastern Spain). This medical center serves several nearby towns with a total of 12569 inhabitants. Ticks were carefully
removed by grasping the capitulum with soft forceps and pulling gently. They were immersed in 70% ethanol and sent
to the University of Valencia. These specimens are valid for measuring the scutal index because alcohol does not
retract the body of these hard ticks (Tijsse-Klasen et al., 2011; Estrada-Pefia, personal communication).

Individual scutal index was measured with an ocular micrometer fitted to a stereomicroscope (Leica/Wild
M3Z Stereo Microscope). The scutal index used is the ratio between the length of the female tick idiosoma and width
of scutum. The first increases during feeding whereas the scutum remains constant. Processing and representation of
the data were worked with the spreadsheet Microsoft Excel for Windows (Excel 2016 (v16.0)).

Ticks were determined to species level using the identification guide by Estrada-Pefia (2017). All specimens
were deposited at the Coleccion Entomoldgica de la Universidad de Valencia.

RESULTS

The identification of the ixodid ticks has resulted in three species: Dermacentor marginatus (Sulzer, 1776),
Rhipicephalus sanguineus (Latreille, 1806) and Hyalomma lusitanicum Koch, 1844. These species have been
responsible of a total of 235 cases of ticks bites on humans who were treated at the Health Center of Vall d'Alba during
the years 2018 and 2019. Of the total number of cases, D. marginatus have caused 4.3% (n= 10) of tick bites, R.
sanguineus reached 8.9% (n= 21) and H. lusitanicum was clearly the preponderant tick with 86.8% (n= 204) of the
attended cases. All specimens of H. lusitanicum were adult ticks, of them 40.7% (n= 83) were males, which do not
feed nor engorged on the host, and 59.3% (h= 121) were females that engorged the body as they feed attached to the
patient. The numbers of the two other species were too scarce to continue its analysis.

A total of 116 females of collected H. lusitanicum have been valid to determine the scutal index, or relation between
the idiosoma length (LI) and the scutum width (WS) (Figure 1).
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A group of 93 ticks have showed a scutal index ranging from 1.67 to 2.22 in a continuous little variable
distribution. A slight jump occurred for other 7 ticks with barely increase between 2.44 and 2.50. Then the scutal index
began to increase sharply from 2.56 to 3.33 in 9 ticks and more significantly from 3.83 to 5.61 in other 5 ticks. The
maximum engorgement was reached by 2 ticks with a scutal index of 8.92-9.08.

DISCUSSION
Hyalomma lusitanicum has resulted the main species tick on humans in the geographical area of province of Castellon
in Eastern Spain, unlike what happens in Northern Europe where the most common tick vector of human and animal
diseases is Ixodes ricinus (Linnaeus, 1758) (Gray et al., 2005), but similarly to the widespread presence of H.
lusitanicum in Central Spain but attacking wild animals there (Negredo et al., 2019).
Knowledge of the duration of tick feeding can be estimated from changes in body dimensions during engorgement and
may contribute to assessment of disease transmission risk. Ixodid ticks usually suck in the blood intake 24 hours after
the attachment and then they can potentially transmit pathogens during the prolonged feeding. So, there is an
increment of pathogen infecting risk after 24-48 hours attachment.
Usually the risk following to tick bite has been determined for I. ricinus (Meiners et al., 2006; Tijsse-Klasen et al.,
2011) but as far as bibliography data allow the determination of the engorgement level calculating the scutal index (SI)
is a novel procedure in case of H. lusitanicum.

In present study, four tick groups could be pointed in relation to its SI: 80.2% of ticks show a Sl up to 2.22,
second 6.1% has a Sl up to 2.50, third 7,7% has a Sl up to 3.3, and fourth 6,0% is a group of ticks with maximum
engorgement and Sl up to 9.08. Each one of these groups could be associated to the model presented by Gray et al.
(2005) of 24, 48, 72 and more than 72 hours of feeding time.

Scutal index is easy to measure, simple and reliable parameter to calculate tick feeding duration. It is
applicable to Hyalomma lusitanicum, a tick of medium-large size that has been proven attacking humans in Eastern
Spain in the last three years. Determination of the scutal index leads to identify high-risk tick bites and help to decide
clinical procedures of human patients in medical centers.

ACKNOWLEDGMENTS
We are grateful to the medical staff of Centro de Salud Vall d'Alba (province of Castellén, Spain) and the research
team of Seccion de Epidemiologia del Centro de Salud Publica de Castellén.

REFERENCES CITED
de la Fuente, J., A. Estrada-Pena, J.M. Venzal, K.M. Kocan and D.E. Sonenshine. 2008. Overview: Ticks
as vectors of pathogens that cause disease in humans and animals. Frontiers in Bioscience 13, 6938-6946.
doi: 10.2741/3200.

Estrada-Pefia, A.. A.M. Palomar, P. Santibanez, N. Sanchez, M.A. Habela, A. Portillo, L. Romero and J. Oteo.
2012. Crimean-Congo hemorrhagic fever virus in ticks, southwestern Europe, 2010 [letter]. Emerg. Infect.
Dis. 18: 179-180. doi: 10.3201/eid1801.111040.

Estrada-Pefia, A., M.P. Pfaffle and T.N. Petney. 2017. Genus Hyalomma Koch, 1844. In: Estrada-Pefia,
A., Mihalca, A.D. and Petney, T.N., eds. Ticks of Europe and North Africa: a guide to species identification,
Cham (Switzerland): Springer International Publishing.

Falco, R.C., D. Fish and J. Piesman. 1996. Duration of tick bites in a Lyme disease-endemic area. American Journal
of Epidemiology 143(2):187-192. doi: 10.1093/oxfordjournals.aje.a008728.

Gray, J., G. Stanek, M. Kundi and E. Kocianova. 2005. Dimensions of engorging Ixodes ricinus as a measure of
feeding duration. International Journal of Medical Microbiology 295: 567-572.
doi: 10.1016/j.ijmm.2005.05.008.

Meiners, T., B. Hammer, U.B. Gébel and O. Kahl. 2006. Determining the tick scutal index allows assessment of
tick feeding duration and estimation of infection risk with Borrelia burgdorferi sensu lato in a person bitten
by an Ixodes ricinus nymph. International Journal of Medical Microbiology 296(1): 103-107. doi:
10.1016/j.ijmm.2006.01.048.



https://doi.org/10.1093/oxfordjournals.aje.a008728
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meiners%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16524770
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hammer%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16524770
https://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%B6bel%20UB%5BAuthor%5D&cauthor=true&cauthor_uid=16524770
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kahl%20O%5BAuthor%5D&cauthor=true&cauthor_uid=16524770
https://doi.org/10.1016/j.ijmm.2006.01.048
https://doi.org/10.1016/j.ijmm.2006.01.048

363 J. V. Falco-Gari, |. Gordon-Baeza, D. Lopez-Pefia, and R. Jiménez-Peydrd

Negredo A., F. de la Calle-Prieto, E. Palencia-Herrejon, M. Mora-Rillo, J. Astray-Mochales, M.P. Sanchez-Seco,
E. Bermejo Lopez, J. Menarguez, A. Fernandez-Cruz, B. Sanchez-Artola, E. Keough-Delgado, E.
Ramirez de Arellano, F. Lasala, J. Milla, J.L. Fraile, M. Ordobas Gavin, A. Martinez de la Gandara, L.
Lépez Perez, D. Diaz-Diaz, M.A. Lopez-Garcia, P. Delgado-Jimenez, A. Martin-Quiros, E. Trigo, J.C.
Figueira, J. Manzanares, E. Rodriguez-Baena, L. Garcia-Comas, O. Rodriguez-Fraga, N. Garcia-
Arenzana, M.V. Fernandez-Diaz, V.M. Cornejo, P. Emmerich, J. Schmidt-Chanasit and J.R. Arribas.
2017. Autochthonous Crimean—Congo Hemorrhagic Fever in Spain. New England Journal of Medicine
377(2): 154-161. doi: 10.1056/NEJM0al1615162.

Negredo, A., M.A. Habela, E. Ramirez, F. Diez, F. Lasala, P. LOopez, A. Sarria, N. Labiod, R. Calero-Bernal, M
Arenas, A. Tenorio, A. Estrada-Pefia and M.P. Sanchez-Seco. 2019. Survey of Crimean-Congo
Hemorrhagic Fever Enzootic Focus, Spain, 2011-2015. Emerging Infectious Diseases 26(6): 1177-1184.
doi: 10.3201/eid2506.180877.

Piesman, J. 1993. Dynamics of Borrelia burgdorferi transmission by nymphal Ixodes dammini ticks. Journal
of Infectious Diseases 167(5):1082-1085. doi: 10.1093/infdis/167.5.1082.

Sood, S.K., M.B. Salzman, B.J. Johnson, C.M. Happ, K. Feig, L. Carmody, L.G. Rubin, E. Hilton and J.
Piesman. 1997. Duration of tick attachment as a predictor of the risk of Lyme disease in an area in which
Lyme disease is endemic. Journal of Infectious Diseases 175(4): 996-999. doi: 10.1086/514009.

Tijsse-Klasen, E., J.J. Jacobs, A. Swart, M. Fonville, J.H. Reimerink, A.H. Brandenburg, J.W.B. van der
Giessen, A. Hofhuis and H. Sprong. 2011. Small risk of developing symptomatic tick-borne diseases
following a tick bite in the Netherlands. Parasites & Vectors 4: 17 (8 pages). doi: 10.1186/1756-3305-4-17.


https://doi.org/10.1093/infdis/167.5.1082

