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Abstract

:

Tick-borne rickettsioses (TBR) are caused by obligate, intracellular bacteria of the spotted-fever group (SFG) of the genus Rickettsia (Order Rickettsiales), transmitted by hard ticks. TBR are one of the oldest known vector-borne zoonoses and pose a threat to both human and animal health, as over the years, new SFG Rickettsia spp. have been reported worldwide with the potential to be human pathogens. In Portugal and Spain, the countries that constitute the Iberian Peninsula, reported TB rickettsiae causing human disease include Rickettsia conorii conorii, Rickettsia conorii israelensis, Rickettsia slovaca, Rickettsia raoultii, Candidatus Rickettsia rioja, Rickettsia sibirica mongolitimonae, and Rickettsia monacensis. An allochthonous case of TBR caused by Rickettsia massiliae, described in Spain, points to the need to monitor disease epidemiology, to predict risks of exposure and spread of disease, and taking into account globalization and climate changes. This review aims to provide up-to-date information on the status of TBR in the Iberian Peninsula, as well as to show the importance of a national and international collaborative epidemiology surveillance network, towards monitoring Rickettsia spp. circulation in both Portugal and Spain.
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1. Introduction


Most of the rickettsial species are nonpathogenic endosymbionts circulating in a wide range of organisms (arthropods, protists, and other eukaryotes). Humans are not common hosts for Rickettsia, an obligate, intracellular, Gram-negative, α-proteobacteria; however, the recognized pathogenicity in humans of some species has put Rickettsia in the spotlight as a public health concern.



With the advent of molecular approaches, the genus Rickettsia is currently classified into four major groups: the typhus group (TG), containing Rickettsia prowazekii and Rickettsia typhi; the ancestral group (AG), formed by Rickettsia bellii and Rickettsia canadensis; the transitional group (TRG), formed by Rickettsia akari and Rickettsia felis; and the spotted-fever group (SFG) [1]. Recently, Murray and colleagues [2] reconstructed the Rickettsia phylogeny using whole-genome data, describing the evolutionary history of the Rickettsia core genome, supporting previous groups (TG, TRG, SFG) and expanding to a few more groups, such as the Bellii and the Canadensis groups.



Human rickettsiosis is a widespread zoonosis that is transmitted by arthropods (lice, fleas, ticks, and other mites). The body louse, Pediculus humanus corporis is associated with R. prowazekii, the causative agent of epidemic typhus [3]. Concerning the bacteria, R. typhi, it can be transmitted to humans when in contact with infected Xenopsylla cheopis and Ctenocephalides felis [4]. R. akari is the etiological agent of rickettsialpox transmitted by the bite of the house mice mite Liponyssoides sanguineus [5]. Tick-borne rickettsiosis (TBR) belongs to the spotted-fever group (SFG) of the genus Rickettsia (family Rickettsiaceae; order Rickettsiales) [6] and is the principal source of infections naturally transmitted by ticks in Europe [6,7] and, therefore, the focus of the present review.



Ticks are obligate hematophagous ectoparasites that need, during their post-embryonic stages (larvae, nymphs, and adult stages), at least one vertebrate host (amphibians, reptiles, birds, or mammals) to complete their life cycle. It has been demonstrated that ticks are ubiquitous arthropods, and their diversity is greater in the tropical and subtropical regions of the world [8]. The blood feeding of ticks enables both the transmission and acquisition of a variety of microorganisms, including pathogenic ones. In particular, hard ticks (Ixodidae) present an extended period of feeding that influences the chance of becoming infected and transmitting pathogens, while soft ticks (Argasidae) present a shorter feeding period but feed repeatedly when molting into different nymphal stages. However, pathogens also play a role in this complex equation of transmission/acquisition. It has been reported that some tick-borne viruses are transmissible within minutes (15–60 min), while some bacterial agents, such as Rickettsia, require 3–24 h, and protozoans between 24–48 h, of efficient feeding [9]. During the process of feeding, ticks inject saliva and eat blood using the same canal. Hence, pathogens existing in the tick saliva can be passed to the host dermis and blood capillaries and vice-versa: existing pathogens circulating in the vertebrate host can be ingested by the tick. Once pathogens reach the tick’s midgut, the digestive epithelium can be crossed, and pathogens may invade the haemocoel and disseminate to other tick tissues, including the salivary glands. At this point, pathogens can now be injected to a new host via saliva [10,11]. Transovarial (adult female tick to egg) and transstadial transmission (egg to larva to nymph to adult tick) are also important features that make ticks impressive vectors [8], increasing the possibility of transmission. Hard ticks have not only been implicated as natural vectors of TBR, but also as a potential reservoir or amplifiers of these bacteria (illustrated in Figure 1) [6,12]. Even though the reports of soft ticks infected by SFG rickettsiae are increasing [13,14,15,16], there are still no accounts of human cases associated with soft tick bites [13]. Moreover, the role and implications of soft ticks related to TBR transmission deserves further study, as some of the identified Rickettsia are pathogenic, e.g., R. felis [17,18], and some of the soft tick species from which the bacteria were identified are often found to feed in humans, e.g., Carios capensis and Ornithodoros moubata [12,19].



As with other vector-borne pathogens, the distribution of TB rickettsiae in nature is directly influenced by the tick’s lifecycle, vector competence, vertebrate hosts availability, and the maintenance of pathogenic microorganisms, e.g., transovarian transmission capacity [6]. For instance, in the Iberian Peninsula, most human cases of Mediterranean spotted-fever (MSF) (Rickettsia conorii and subspecies conorii and israelensis) occur between July and September, coinciding with the high activity of its natural vector, Rhipicephalus sanguineus sensu lato (s.l.) and also with the warmer weather that promotes human outdoor activities. This tick vector presents features such as being highly adapted to live within human dwellings and being the most frequent tick infesting dogs worldwide, which in consequence augments human exposure and the risk of bites and transmission of pathogens [21]. Adding to the complexity of the pathogen–vector–host interactions, the environment, landscape alterations, and climate changes can also shape the distribution of TB rickettsiae, by altering the distribution pattern of host and ticks [22,23,24]. In this sense, geographic areas with similar characteristics can be grouped, to better understand TBR epidemiology.



The Iberian Peninsula is primarily composed of Portugal and Spain, separated from the rest of Europe by the Pyrenees and from Africa by the Strait of Gibraltar; therefore, representing a well-delimited geographic region. With a population of about 57 million, both countries share a discrepancy in population density between regions, with lower populations correlating with more rural areas [25], which having in mind the theme of tick-borne diseases should influence the number of people exposed to ticks and at higher risk of contracting disease. Portugal and Spain share land borders, with no great restrictions to wild animal movements. Thus, vertebrate pathogens and vectors easily transit between nations, calling for a collaborative effort to tackle rickettsiosis and other tick-borne menaces. Members of the European Union (EU) are obliged to report certain infectious diseases, including some vector-borne diseases. Aiming for the development of strategies for early detection, prevention, and preparedness, EU policies have led to the establishment of a program for combatting vector-borne diseases in Europe, coordinated by the European Centre for Disease Prevention and Control (ECDC) and the European Food Safety Authority (EFSA) [26]. Surveillance systems and national health authorities are responsible for articulation with these authorities; however, surveillance activities vary among countries, hampering the implementation of local and broad measures to control these challenging groups of diseases [27]. Both Portugal and Spain conduct extensive and active monitoring control of ticks and tick-borne pathogens, managed by national surveillance networks: “REVIVE—Rede de Vigilância de Vetores”, in Portugal; and the national epidemiological surveillance network, “RENAVE—Red Nacional de Vigilancia Epidemiológica”, in Spain [28,29]. While REVIVE focuses on entomological surveillance, the aim of RENAVE is the surveillance of communicable diseases, including TBR. Altogether, these initiatives allow the systematic collection of epidemiological information, its analysis and interpretation, as well as the dissemination of the results across the population and national health agencies, ultimately contributing to the planning of the health research agenda and acting in the evaluation of the biological risk of an emergency in public health [30,31]. In addition, the ECDC regularly publishes maps with the distributions of ticks in Europe, providing an up-to-date distribution and expansion of tick vectors associated with rickettsioses, which highlights the importance of monitoring, not only the pathogens, but also the vectors [32].



Regarding TBR diagnosis, IFA (immunofluorescence assays) are the standard tests. Blood samples should be collected first in the early stage of the disease, and a second sample should be taken two weeks later. A four-fold rise should be obtained. If not, a third sample should be considered after four to six weeks [28,29,32,33,34]. PCR-based molecular tools are also implemented for sensitive and a specific detection and identification of Rickettsia spp. in different types of samples, including arthropods tissues. Antimicrobial TBR therapy based on doxycycline remains the standard treatment for these infections, but fluoroquinolones can be considered as an alternative [6]. Clinical practice advice (microscopy, serology, molecular tools, and culture) for the study of Rickettsia can be found in a 2017 review [34].



In the present review, TBR will be described according to its prevalence in the Iberian Peninsula, underscoring the need for continuous clinical and entomological vigilance, to assess disease transmission risks. This information can leverage the topic of TBR in the health institutions of both countries and instigate the development of public engagement strategies, to prevent TBR and also other, less prevalent tick-borne diseases (TBD). The keywords used on the PubMed searching tool to obtain up-to-date information regarding the topic were: “rickettsia”, “rickettsioses”, “tick”, “tick-borne diseases”, “tick-borne pathogens”, “tick-borne rickettsioses”, “spotted-fever”, “Portugal” and “Spain”.



1.1. Tick-Borne Rickettsioses in Europe and in the Iberian Countries


The circulation of Rickettsia spp. causing TBR in Europe has been well described, including reports of R. conorii transmitted by ticks belonging to R. sanguineus complex; R. helvetica and R. monacensis by Ixodes ricinus; R. slovaca, R. raoultii and Candidatus Rickettsia rioja by Dermacentor marginatus; R. aeschlimannii by Hyalomma spp. and Rhipicephalus spp. and R. sibirica mongolotimonae, whose involved vectors are no less than Hyalomma spp. and Rhipicephalus pusillus [6,35] and in the case of R. massiliae, apart from its allochthonous case, ticks infected with this SFG Rickettsia were: R. pusillus [36], R. sanguineus s.l. [37,38,39,40,41,42] and R. turanicus [43,44,45].



According to ECDC, most cases of rickettsioses are reported from Italy, Portugal, and Spain [35].




1.2. Mediterranean Spotted-Fever (MSF)


Mediterranean Spotted-Fever (MSF) was first described in 1910 by Conor and Brunch, in Tunisia and later, in 1923, described by Delfim Pinheiro in Portugal [46]. The causative agent of MSF is R. conorii, which encompasses a complex of four subspecies, R. conorii conorii, R. conorii caspia, R. conorii israelensis and R. conorii indica [47]. To date, R. conorii conorii and R. conorii israelensis are the subspecies reported in the Iberian Peninsula, with human cases associated to R. conorii conorii in Spain and human cases associated to R. conorii israelensis in Portugal [6].



The tick R. sanguineus s.l. is recognized as the main vector of the MSF. The subspecies R. conorii israelensis have been successfully isolated from a R. sanguineus collected in Portugal [48]. This tick species can also be considered a reservoir of R. connorii in the Mediterranean region due to transstadial and transovarian transmission that maintain the infection in the tick population [49]. There is still some debate regarding this subject since early studies have demonstrated the persistence of R. conorii along tick generations but in nature low infection prevalence in ticks are reported, suggesting that ticks pay a fitness “toll” when infected by this rickettsiae species [11]. Such observations have made researchers speculate about the role of vertebrate hosts as potential reservoirs. In nature, levels of infection of vertebrates are low and are often transient, which does not support maintenance of infection in these hosts. However, there is experimental evidence that dogs can act as reservoirs of R. conorii, as dogs became infected by inoculation or after feeding of infected ticks, naïve ticks feeding in infected dogs acquire the bacteria (one-month post-infection and even when infection was not detectable by PCR) and are able to transmit Rickettsia to their progeny [12,50,51]. Seroprevalence of Rickettsia species in dogs from endemic regions (such as the Iberian Peninsula) also sustains this hypothesis [52,53] and the fact that R. sanguineus is the “dog tick” should also be considered [21]. Therefore, and even though the role of vertebrates in the perpetuation of TBR remains unclear, it has been accepted that dogs contribute for the persistence of MSF in nature and can act as sentinels of infection in endemic areas [54]. It is important to point out that while other mammals such as lagomorphs or hedgehogs can be affected by MSF, there are no studies focusing on their potential role as reservoirs [6,55].



The dependency of MSF transmission on its vector tightly associates the appearance of human cases with the activity of R. sanguineus ticks. Consequently, MSF can be considered a summer illness, since most of the cases occur between July and September, overlapping with the peak of questing activity of immature stages of R. sanguineus s.l, although there are records of cases diagnosed in February, November, and December [7,46,56]. It has been demonstrated that climate influences host-seeking behavior of ticks, including of R. sanguineus [57,58,59]. Noteworthy, a study conducted in 2007 experimentally showed that R. sanguineus is more likely to bite humans after exposition to warmer temperatures, as a consequence of an increased aggressivity on host seeking, and thus, resulting in more cases of human rickettsiosis [59]. Adding to the patterns of tick´s activity, summer season also corresponds to holidays, thus to an increase of outdoor activities and consequently a greater chance of encountering questing ticks.



As referred previously, after a tick biting, the bacteria take from 3 to 24 h to be efficiently transmitted and in average, MSF latent period takes about 6 days with an abrupt onset. Clinical conditions are characterized by fever, flu-like symptoms, prostration, maculopapular or petechial rash and eschar at the tick bite site [6,7,48,55,56,60,61]. In addition, severe manifestations such as encephalitis [62] may occur in patients with advanced age, immunocompromised, chronic alcoholism, glucose 6-phosphate dehydrogenase (G6PD) deficiency, inappropriate use of antibiotics, and delayed of diagnostic and treatment [6,48,63].



MSF diagnosis based on clinical, epidemiological, and laboratorial findings in Portugal between 1989 and 2012, has shown 250 positive cases, in which, mortality rate reached 3.6% [46]. In Spain, from 2005 to 2015, there were 1603 notified MSF cases, and 49.5% were confirmed, with no fatal cases occurring during this period [55]. However, regarding death, it is important to denote such indicator is not well documented in many of the reports. According to RENAVE, in 2016, from the 115 notified cases of MSF, 91 were confirmed [64], and in 2017–2018, from the 557 notifications, 473 cases were confirmed, including 18 imported [30]. It is important to refer that in Spain, until 2015, MSF was considered endemic to certain regions and not all cases were reported to RENAVE which may have led to a under recording of MSF cases in the country [64]. In the particular case of patients diagnosed with MSF caused by R. conorii israelensis, nausea and vomiting apart from common clinical manifestations already pointed out, were observed [6]. In addition, reports of eschar inoculation were rarely observed. In Portugal, mortality rate of this subspecies reaches 29% when compared to other MSF (3%), from 1994 to 2006 [48,56,61]. Until the present date, there is no report of human infection caused by R. conorii israelensis in Spain. Regarding to the enzootic cycle of R. conorii israelensis, in southern Portugal, Maia et al, [56] found dogs and cats infected with this SFG rickettsiae, in medical centers, animal shelters, supporting that these pets may act as reservoirs and/or sentinels of this bacteria, as they were asymptomatic during rickettsial infections.



To date, MSF is the most prevalent zoonosis, and it appears to be endemic throughout the Iberian Peninsula. Moreover, positive cases are not only registered in endemic regions, but also in non-endemic areas [46,55].




1.3. Dermacentor-Borne Necrosis Erythema Lymphadenopathy (DEBONEL), Tick-Borne Lymphadenopathy (TIBOLA), and Scalp Eschar and Neck Lymphadenopathy after Tick-Bite (SENLAT)


The known causative agents of DEBONEL / TIBOLA or SENLAT rickettsioses are R. slovaca, R. raoultii and Ca.R. rioja. It is the most prevalent tick-borne rickettsioses in Europe, after MSF [7,65]. The main vector of these SFG-rickettsial agents is D. marginatus but at least for R. raoultii, there’s evidence that D. reticulatus can also transmit this bacterium [66] while for the others, it remains a potential vector [63,65]. Clinical manifestations include fever, headache, rash, myalgia, vertigo and persistent asthenia, neck lymphadenopathy, and a necrotic eschar surrounded by a perilesional erythematous halo at the site of the tick attachment [67,68]. As Dermacentor spp. usually bite animals with high fur density, these ticks are frequently found on the scalp of humans, thus the most common symptoms observed in patients are alopecia around the tick-bite site, and facial edema [67,69]. When ticks are not located on the scalp, other hairy zones like thorax, arms and even axillae might be spots for tick-bites, and an erythema, similar to the erythema migrans from Lyme borreliosis, typically appears [7].



DEBONEL’s cases are frequently diagnosed during the late fall and winter to mid spring, which is compatible with higher activity period of its vector [65,69]. D. marginatus adult ticks are active from late August/September through April/May (extreme cold and snow interrupt activity). July and August are the months where larvae and nymphs have their activity peak, respectively [65,70].



There are more than 200 reported human cases from Spain since 2000 [65,69] and, at least three from Portugal, since 2010 [68]. Furthermore, most recently in Spain, there was an unprecedent report of I. ricinus ticks infected with R. slovaca, R. raoultii and Ca. R. rioja [63]. Although this is the first report of I. ricinus infected with Rickettsia that cause DEBONEL, further studies should be carried out to understand which possible roles this tick species may play either in the maintenance and/or the transmission of these bacteria, and thus, possibly influencing or interfering directly or indirectly, in the epidemic and enzootic cycles [59].




1.4. Lymphangitis-Associated Rickettsiosis (LAR)


Rickettsia sibirica mongolitimonae, the causative agent of LAR, is a subspecies of R. sibirica and was originally isolated from Hyalomma asiaticum tick species collected in the Mongolia in 1991 [71], and recognized as responsible for a human infection in France in 1996 [72]. Even though experimental proven vectors are not recognized, in the Iberian Peninsula, this SFG-rickettsia was found in Rhipicephalus bursa, R. pusillus and in Hyalomma marginatum from birds in Spain [73,74] while in Portugal it was detected in a R. pusillus tick [75,76]. R. pusillus is known to infest wild rabbits but it also can be found on wild carnivorous animals, dogs, and domestic cats, and occasionally humans [77]. R. bursa ticks are widely distributed throughout the Mediterranean region, it is very possible an underestimation of the pathogen in this tick species. This tick species can parasitize many different mammals such as, cattle, sheep and goats [77,78,79] emphasizing the need to better understand the role of this vector in the transmission and maintenance of LAR. Even being considered a rare infection, the particular and main clinical manifestation, lymphangitis, makes ground for separating LAR from the remaining TBR [80]. Other signs and symptoms include fever, headache, myalgia, rash, and inoculation eschar [81,82,83,84,85,86]. In Spain, until 2011, there were a total of 24 human cases of LAR [85]. In addition, at least, seven more human cases were reported, including two children [83,84,85,86,87,88,89]. Thus far, in Portugal, two confirmed cases of LAR confirm the importance of this disease in the Iberian Peninsula region [75,81].




1.5. Mediterranean Spotted Fever-like


Rickettsia monacensis also belongs to the SFG, and it was first isolated and identified in Germany, infecting I. ricinus ticks [90]. In Portugal and Spain, R. monacensis was detected in I. ricinus ticks [63,76,91,92], the suspected natural vector. Also, in Portugal there is a report of infected lizard tissues (Teira dugesii), suggesting a possible involvement of the reptile in the maintenance of the enzootic cycle and as well as its potential as a reservoir for this rickettsial agent [93]. So far there are no studies confirming the competency of the later tick species to vector R. monacensis. However, the frequency of natural infection in I. ricinus suggests a role on the maintenance and transmission of the bacteria at least in Europe [94,95]. There are reports of two cases in Spain, whose patients showed general symptoms such as fever, headache and rash of their trunk and extremities. There was no eschar-inoculation at the tick bite sites. Both patients have recovered without sequelae [96]. In Portugal, one recent case has been reported in an elder patient with a background of cardiomyopathy, diabetes mellitus type 2 and alcohol abuse [37]. All affected patients by R. monacensis infection were over 59 years old, raising the suspicion that older people may be susceptible to infection by this Rickettsia SFG [76,91,93].



Rickettsia massiliae, is another human pathogenic SFG-Rickettsia, which was first isolated from R. turanicus and R. sanguineus s.l. ticks in 1990 and 1993, respectively, in France [38]. To date, there has been only four reported human cases in Europe, only one from Spain. However, this case was imported from South America. Patient showed MSF-like symptoms, such as fever, purpuric rash on the upper and lower extremities, and eschar [39]. In Portugal, R. massiliae was first detected in 1995 from R. turanicus [45]. Most recently, surveillance studies from Portugal, have reported R. sanguineus s.l. collected from dogs and from hedgehogs (Erinaceus europaeus) infected with this SFG-rickettsiae [97,98]. In addition, dogs and R. pusillus were also infected with R. massiliae [76,98]. In Spain, R. sanguineus s.l. [40,42,92,99,100,101], R. turanicus and R. pusillus [36] were all found infected with this Rickettsia species.



To date, there are no human cases reported in both Iberian countries caused by Rickettsia helvetica. However, this SFG Rickettsia has been reported infecting lizard tissues (T. dugesii) in Portugal [93] as well as its main vector, I. ricinus, in both Portugal and Spain [36,92,93]. In addition, this bacterium, was also found in Ixodes ventalloi in Portugal [43], a poorly studied and permissive tick species known to parasitize mainly Oryctolagus cuniculus but also birds [102]. Patients around Europe have generally shown mild fever, headache, myalgia, and occasionally rash. Isolated case from Sweden, whom patient was immunocompetent, evolved to septicemic fever, myalgias, arthralgias, severe headache and photophobia [103].



Another MSF-like infection is caused by R. aeschlimannii, however the first documented human case caused by this SFG Rickettsia in Europe was an allochthonous one, as the patient was returning from Africa to his home country, France [103]. No records of autochthonous cases have been reported in the Iberian Peninsula. However, there have been reports of this bacterium in six anthropophilic tick species in Spain (H. marginatum, H. punctata, I. ricinus, R. bursa, R. sanguineus s.l., and R. turanicus) [36,41,74,104,105,106], and infecting H. marginatum in Portugal [43].





2. Conclusions


Tick-borne rickettsioses pose a serious health threat in the present globalization scenario. Many factors may rely on this matter, such as routes of migratory birds potentially spreading previously infected ticks with TBR from distant geographical regions [74], travelling or migration of asymptomatic individuals, from an endemic area to a non-endemic area [39], where potentially vectors are available [39]. Behaviors linked to a more healthy and sustainable livings have led to an increment of ecotourism, trails, hiking and outdoor activities, thus increasing the risk of tick bites. Moreover, and ultimately, an ordinary, but worrying habit, which non stray dogs circulate between wild and anthropophilic environments, consequently becoming carriers of infected ticks. In this later scenario, dogs may act as the primary vertebrate host for a possible triggering situation of an epidemic TBR´s cycle [107]. In regard to tick and Rickettsia spp. relationship, seasonality and availability of tick population is another factor that impacts towards the dynamics of TBR prognosis and diagnosis, as depicted here with MSF and DEBONEL/TIBOLA/SENLAT [6,60,67,73,108,109]. Another matter of great concerning is about companion animals, not only dogs and cats, but also some unconventional pets that have become more popular nowadays, like mammals from the superfamily Musteloidea, including (Mustela spp. and Mephitis spp.) [110]. In addition to all these, climate and environmental changes may affect not only the distribution of vectors, but also the availability of their vertebrate hosts worldwide, thus, increasing the awareness about TBRs. Moreover, studies that address tick surveillance are crucial for the understanding of how the environment, ticks, and vertebrate hosts intertwine and affect the enzootic, and sometimes, the epidemic cycles of Rickettsia spp.



As some SFG Rickettsia are of unknown pathogenicity to humans, it is of utmost importance that both countries maintain a network of epidemiology surveillance active, towards monitoring new human cases as it assists in the flow of information on underreported cases and facilitates more accurate diagnosis. Even having in mind that countries present important socio-economic differences, efforts should be made to harmonize protocols, sampling strategies and initiatives, since countries are bounded by similar constraints concerning tick-borne diseases, making particularly important the implementation of similar policies. Such will certainly improve effectiveness in disease prevention and management.



Lastly, actions provided by physicians, veterinarians and researchers to educate, and to spread scientific and useful information about the risks and prevention of tick bites and TBR transmission to citizens, patients, pet owners and outdoor enthusiasts are extremely important, not only to notify public agencies, but also to establish an intersectoral network to exchange information. Such understanding would be of great value, as prevention mostly relies on public health education, besides it would strengthen the One Health approach.
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Figure 1. Illustration of a three-host ixodid tick life cycle, depicting the risk of infection and transmission of tick-borne rickettsioses (TBR) at each tick stage [20]. During feeding, ticks use the same canal to (1) inject saliva into the host, enabling transmission of Rickettsia, and (2) to acquire blood, providing an entry door for bacteria dissemination. Once reaching the tick midgut, Rickettsia may, depending on factors such as bacterial load and time of feeding, propagate within tick tissues, eventually reaching the ovaries (in adult females) and salivary glands (larvae, nymphs, adults) [10,11]. Transstadial transmission of Rickettsia promotes maintenance of infection in the tick population and transovarial transmission (reported in many Rickettsia spp.) ensures propagation to the next tick generation [6,8]. It is important to note that not all vertebrate hosts present the same potential to maintain infection in nature or tick populations. For example, humans are susceptible hosts to infection but considered dead-end hosts, and ticks do not usually feed on humans [6]. Created with BioRender.com (accessed on 24 October 2022). 
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