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Abstract

:

Tick-borne diseases have emerged as a major global public health problem in recent decades. The increasing incidence and geographical dissemination of these diseases requires the implementation of robust surveillance systems to monitor their prevalence, distribution, and public health impact. It is therefore not unexpected that tick-borne pathogens coexist in the same vectors, but the interactions of these agents between vectors and vertebrate hosts, including humans, remain poorly understood. The impact of infection in humans extends to the diagnostic challenges that arise when the same symptomatology can be associated with any tick-borne pathogen, and therapeutic recommendations only focus on the major or best-known tick-borne diseases, ignoring other lesser-known or less prevalent infections. Both surveillance systems and the holistic diagnosis of tick-borne pathogens are necessary tools to address the emergence of vector-borne diseases. In this study, we will focus on the main tick-borne viral, bacterial, and parasitic diseases in Spain to reflect the need to establish syndromic diagnostics in samples from patients with a history of tick bites and symptomatology compatible with them. On the other hand, and highlighting this need, innovations in molecular techniques, syndromic surveillance, and surveillance programs for ticks and tick-borne pathogens with public health implications are expected to be developed.
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1. Introduction


The number of zoonotic pathogens that can infect humans by different routes of transmission (from animal reservoirs, through food, or by vectors) has been increasing in recent decades [1]. One of the main causes of this increase are anthropogenic activities including land use change, increasing urbanization, the intensification of agricultural systems, and deforestation, among others [2]. The transmission of these pathogens to humans has been strongly favored by the development of new connections, which can be classified as urban–peri-urban–rural, human–animal–ecosystem, or, from a broader perspective, as an urban–wild relationship [3]. These are environments in which the cycles of pathogen spread between species take place. In this situation, changes in ecosystems force human and animal populations to inhabit areas that are unfavorable for their development or where they may face infectious organisms without having had a previous relationship with them and, therefore, lack immunological barriers or defenses, and which have been fundamental for the occurrence of some vector-borne infections [3]. These events have led to the appearance or emergence of new pathogens (generally of zoonotic origin) and the re-emergence of supposedly controlled infectious agents transmitted by reservoirs (wildlife) or vectors (mosquitoes, fleas, and ticks) [4,5].



Tick-borne diseases (TBDs) have increased in recent years. Until barely two decades ago, the spectrum of tick-borne diseases was limited to a few infectious processes confined to certain geographical areas [6]. Currently, clinical–epidemiological observations and, above all, the incorporation of molecular biology techniques have allowed for the description of new infectious processes and descriptions of the implications in the human pathology of different pathogens, both in isolation and in co-infection [7]. Tick-borne co-infections are the result of infections with genetically different pathogens, which may be closely related, such as variants within the same species through to diversely different pathogens, such as parasites and bacteria or viruses. In humans, and after a tick bite, a variety of non-specific symptoms may appear, such as headaches, fever, sweating, dizziness, nausea, vomiting, and muscle pain. These are very early signs that can be produced by any tick-borne pathogen [8]. An example may be Lyme disease, which remains the most common tick-borne disease, and co-infection, most commonly with babesiosis, occur in up to one third of Borrelia infections [9]. Several factors raise suspicion of co-infection, such as laboratory abnormalities and prolonged duration of symptoms despite adequate treatment. Clinicians should maintain a high level of suspicion of co-infection, as untreated disease can lead to prolonged and sometimes fatal infection [9,10]. The need for effective and holistic early detection of these pathogens in public health would improve not only the entire National Health System, saving costs that would increase if only focused on individual diagnosis, and reducing the waiting time for diagnosis, but also reduce the application of adequate treatment and improve the patient’s prognosis.



This paper has reviewed tick-borne diseases in Spain and has made an exhaustive review of the requests received over the last ten years by the National Centre for Microbiology. It also recommends the unification and implementation of holistic diagnostics using new molecular technologies that benefit the National Health System, clinicians, and, most importantly, patients with these diseases.



1.1. Current Situation of Tick-Borne Diseases in Spain


The strategic situation of the Iberian Peninsula as a bridge between two continents and the common space it forms with other Mediterranean countries is responsible for a unique biodiversity which also affects ticks. Thus, in a relatively small space, more tick species coexist than in the rest of Central Europe and, therefore, also a greater variety of TBDs (Table 1) [11,12,13,14,15,16,17,18,19,20,21,22]. Tick-borne pathogens (TBPs) are a major public health concern, and co-infection with multiple pathogens occurs frequently, posing a serious challenge for proper diagnosis and treatment [9,10,23,24,25,26]. It is important to note that the diagnosis of tick-borne diseases is complex and requires a comprehensive approach. As the incidence of these diseases increases, it becomes more important for health care professionals to distinguish between the different clinical presentations of these processes. The clinical presentation, mostly non-specific at the onset of infection with most of these diseases, and the possibility of co-infection by several pathogens (Table 1), as well as the detection of new pathogens, does not favor the orientation of a concrete and confirmatory diagnosis, which is necessary to make a differential diagnosis that, in most cases, is not determined. Due to the above, as well as to the seriousness of some of the clinical pictures and the sequelae and handicaps that these diseases can cause, the attention that should be paid to these pathogens and ticks is justified. In case of suspicion of tick-borne disease, it is necessary to group this in the diagnosis the main TBP, including bacterial, viral, and parasitic agents. To be able to correctly diagnose a TBD, one needs to take into account potential co-infection(s). This is necessary when selecting the correct treatment and because of the possibility that a co-infection may aggravate the illness [27].



Some of the most common TBDs in Spain are listed below, detailing their main characteristics. Since ticks can harbor bacteria, parasites, and viruses, and these diseases are divided into three different groups according to the causative agent.




1.2. Tick-Borne Diseases Caused by Bacteria


1.2.1. Lyme Borreliosis


Lyme borreliosis is the best-known tick-borne disease, and that may be because it is the most prevalent tick-borne disease in the Palearctic region of the Northern Hemisphere [28]). Caused by the genospecies of Borrelia burgdorferi sensu lato complex, in Europe, Borrelia afzelii and Borrelia garinii are mostly associated with human disease. There are 85.000 new cases estimated to occur every year throughout Europe, with cases peaking in summer. This rate is parallel to the densities of Ixodes ricinus ticks present in these regions. However, the increased distribution and abundance of ticks due to climate change and increased awareness is causing Lyme disease cases to increase [29]. Humans are considered accidental hosts when their activities interfere with the spirochete cycle. These ticks have a two–four-year life cycle with four stages: egg, larva, nymph, and adult. Larvae acquire the bacteria through the feeding of an infected host. At the nymph stage they are able to infect other healthy hosts [29]. Infection begins with the tick bite, through which the spirochetes found in the tick’s gastrointestinal system (approximately 20 spirochetes per bite at peak infectivity) can be transmitted. Between 7 and 14 days after the bite, they begin to replicate along the skin. They are able to spread throughout the tissue faster than macrophages, so they are able to escape from them [29]. The most recognizable symptom of infection is erythema migrans (EM). The speed at which the erythema moves is related to the speed of the spirochetes (20 cm per day). Parallel to migration through the skin, spirochetes also enter and infect the bloodstream. Lyme borreliosis is known to affect a multitude of organs, but the mechanisms by which spirochetes invade these organs are not well understood. Apart from the skin, the heart, nervous system, and joints are the most commonly affected sites. However, the rates of involvement present a major challenge, as different sources provide different information. The Centers for Disease Control and Prevention (CDC), for example, estimates that 1% of patients have cardiac involvement, which is much lower than in animal models. With this in mind, Lyme borreliosis has been divided into three stages: (i) Erythema migrans (lymphocytoma), (ii) Neurological or cardiac involvement, and (iii) Arthritis. It is important to know that only a small group of untreated patients show all of the possible manifestations.



(i) On stage one, several EM-associated systemic illnesses may occur, such as arthralgia, malaise, fatigue, headache, and low-grade fevers and chills. Regional lymphadenopathy could also occur. The agent is very important to the development of the disease. For example, patients with B. garinii had shorter incubation periods, a faster evolution of EM, and more symptomatic lesions. Only in Europe are there two additional dermatologic disorders: Borrelial lymphocytoma and acrodermatitis chronica atropicans. The first can appear several weeks after EM, while the second is extremely late, typically years after [29].



(ii) The neurological symptoms are varied. At first, they usually affect the cranial and peripheral nerves associated with lymphocytic meningitis. Classical Bannwarth syndrome (BS) may appear, and it is the most common neurological affection that Lyme borreliosis causes in Europe. Scientists have hypothesized that neurotropic strains are more common in Europe. Other neurological affections that are completely linked to Lyme disease are encephalomyelitis, encephalopathy, and axonal polyneuropathy [29]. Cardiac involvement does not occur if the disease is treated early, and so far occurs in only 1% of patients. The most common manifestation is an atrioventricular block proximal to the bundle of His. Other affectations that have been noted are atrial fibrillation, sick sinus syndrome, and diffuse myocardial involvement. Sudden death is extremely rare but possible [29].



(iii) Arthritis is the most common and serious rheumatologic consequence of B. burgdorferi complex dissemination through the body. Incubation in the joints may vary from days to years. In some patients, pain appears weeks or even months before arthritis. It is characterized by episodes of inflammation with swelling and large effusions but little pain. The knee is the most commonly affected, but other joints may suffer too. In Europe, the number of individuals that develop arthritis is less than 10%, in contrast with the US, with 30%. Although arthritis usually resolves after antibiotic treatment, some patients have persistent proliferative synovitis that causes damage, intense inflammation, and fibrosis of the joint [29].




1.2.2. Mediterranean Spotted Fever and Mediterranean Spotted Fever-like


Mediterranean spotted fever (MSF) is a zoonotic disease endemic to the Mediterranean area. Its etiological agent is well known: the bacterium Rickettsia conorii. The vector that transmits MSF to humans is the brown dog tick, Rhipicephalus sanguineus. The natural cycle of Rickettsia conorii involves the tick having a central role. The ticks themselves can be infected in three different ways: (1) feeding from an infected animal, (2) trans-ovarially, and (3) transstadially. Despite all these processes of infection, only 15% of ticks have been observed to have the infection [30]. The prevalence of MSF exhibits temporal variability within endemic regions, displaying fluctuations with peaks and troughs over recent decades. Epidemiological data also suggest a seasonal pattern in MSF endemicity, with a higher prevalence during the summer months. The influence of elevated temperatures on tick behavior intensifies the quest for hosts throughout all developmental stages, and subsequently heightens the risk of human exposure to the disease [30].



The classic triad of MSF symptoms includes fever, maculopapular rash, and an inoculation eschar at the tick bite site. Fever is nearly universal, typically appearing after an incubation period of around six days, though it can vary from one to sixteen days. Early disease symptoms encompass headache, arthralgia and myalgia, local lymphadenopathy, hepatomegaly, splenomegaly, and gastrointestinal manifestations. Most patients develop a sparse macular rash that evolves into a maculopapular pattern, typically involving the palms and soles while sparing the face. The rash usually emerges two to three days after the onset of fever, but its onset may be delayed until the fifth day. In rare instances (1–4%), the rash may be absent, and approximately 10% of patients may exhibit a petechial rash with occasional vesicular exanthema [30]. Typically, MSF follows a self-limited course lasting 12 to 20 days, although hospitalization is not uncommon. With treatment, symptoms begin to subside within 48 h, and complete recovery is usually achieved within 10 days. There is no chronic form of the disease. While MSF generally has a mild course, complications may arise in 1% to 20% of patients, with a case fatality rate of 0% to 3% in most series [30]. Life-threatening complications of MSF include cardiac symptoms (coronary ectasia and atrial fibrillation), neurological manifestations (cerebral infarct, meningoencephalitis, and sensorineural hearing loss), renal failure, intraocular inflammation, pancreatitis, and other multi-organ complications [30]. Indirect immunofluorescence antibody is the test of choice. For a definitive diagnosis, two positive serum samples in a span of four weeks are needed. For early diagnosis, molecular techniques are the first choice. PCR is usually used for this early diagnosis. Both tissue and whole blood can be used. On the other hand, other Rickettsiae species such as R. monacensis, R. massiliae and R. aeschlimannii, and R. sibirica mongolitimonae are also known to cause diseases similar to Mediterranean spotted fever and are known as Mediterranean spotted fever-like and Lymphangitis-Associated Rickettsiosis (LAR), respectively [14].




1.2.3. Dermacentor-Borne Necrosis Erythema Lymphadenopathy (DEBONEL)-Tick-Borne Lymphadenopathy (TIBOLA)-Scalp-Eschar-and-Neck-Lymphadenopathy-After-Tick-Bite (SENLAT)


This vector-borne disease has several designations, mainly DEBONEL (Dermacentor-borne necrosis erythema lymphadenopathy) and TIBOLA (tick-borne lymphadenopathy), and can also be named SENLAT (scalp-eschar-and-neck-lymphadenopathy-after-tick-bite). Dermacentor marginatus serves as the primary vector for DEBONEL/TIBOLA, although D. reticulatus has also been implicated [31]. In terms of etiological agents, Rickettsia slovaca was first detected via polymerase chain reaction (PCR) in 1997 of a French patient who exhibited a scalp eschar and lymphadenopathy after being bitten by a tick in the Pyrenees Mountains (France). Six years later, in 2003, the culture and isolation of R. slovaca from another French patient were reported, confirming R. slovaca as a human pathogen and an etiological agent [31]. Following a bite from a Dermacentor spp. tick, a significant proportion of patients develop an inoculation eschar, characterized by a point of necrosis at the site of the tick bite. This eschar is typically surrounded by erythema and accompanied by regional enlarged and painful lymphadenopathies [31].



According to Silva-Pinto et al., (2014) [32] almost 95% of the tick bites from the vector affected the head, particularly the scalp, with 316 scalp bites compared to 17 non-scalp bites (on the trunk, upper limb, and lower limb). The majority (88.9%) of these tick bites resulted in an eschar, sometimes accompanied by inflammatory signs such as erythema. The incubation period varied widely, but was typically around 1–2 weeks. Among the reported symptoms, fever was present in 139 cases (26%), headache in 84 cases (16%), and persistent asthenia in 41 cases (7%). Rash (13 cases, 2%), myalgia (24 cases, 4%), and vertigo (3 cases, 0.6%) were less common. Scarring alopecia was the most common sequela, reported in 100 cases (19%). Lymphadenopathy occurred in most cases, typically being painful and localized in the cervical or occipital areas




1.2.4. Human Granulocytic Anaplasmosis


Human Granulocytic Anaplasmosis (HGA) is an emerging tick-borne disease. Its etiological agent is the bacteria Anaplasma phagocytophilum. Biological vectors include ixodid ticks that include different genera. Though Anaplasma usually shows host specificity, to some degree, it has been found that A. phagocytophilum can be found in a wide range of animal species, including humans [33]. The life cycle of Anaplasma is not well studied, and more information is needed to fully understand it. It is known that infected ticks can inoculate Anaplasma spp. when feeding on blood. Depending on the specific Anaplasma species, the target cell may be leukocytes, erythrocytes, or platelets. Intranuclear inclusion bodies form inside these cells and spread the bacteraemia in the bloodstream. When an uninfected tick feeds on the blood of an infected animal, the bacteria settle in the intestinal lumen, where they begin to replicate and migrate to the salivary glands [33]. The variability in the severity of HGA is notable, with some individuals exhibiting no symptoms, while others experience a non-specific febrile illness. Severe disease is rare, affecting only a minority of cases. The overall case fatality rate is approximately 0.6%. Common symptoms include fever, malaise, headache, and myalgia. Gastrointestinal symptoms are also prevalent, with patients reporting diarrhea, nausea, vomiting, anorexia, or abdominal pain. Although European cases may tend to be milder compared to those in the United States, they still exhibit a substantial hospitalization rate, reaching nearly 63%. Rash is a less common presentation of HGA, unlike in other tick-borne diseases such as Lyme disease. In addition to typical symptoms, uncommon presentations of HGA include myocarditis, seizures, short-term memory impairment, orchitis, glomerulonephritis, myositis with severe rhabdomyolysis, peripheral neuropathy at the tick bite site, cerebral infarct, and hemophagocytic lymphohistiocytosis (HLH) [33]. The most effective method for diagnosing HGA is the PCR of whole blood. An alternative diagnostic approach is the microscopic examination of Giemsa-stained peripheral blood smears, which can reveal morulae (clusters resembling blackberries) within polymorphonuclear leukocytes (PMN). In addition, serology plays an important role in diagnosis, where Anaplasma-specific IgM and/or IgG antibodies are detected by immunofluorescence. However, it is important to note that antibodies may not be uniformly present during the acute phase of infection. In such cases, the diagnosis is confirmed by demonstrating a four-fold increase in IgG levels, with at least four weeks between tests. It has been occasionally described in the north of the Iberian Peninsula; however, high infection rates in mammals suggest that it is an under-diagnosed disease in Spain [34].





1.3. Other Possible Tick-Borne Bacterial Diseases


1.3.1. Tularemia


Tularemia is a vector-borne disease, the causative agent of which is Francisella tularensis. There are several subspecies that make up the genera. In Europe, the leading cause of Tularemia is F. tularensis subsp. holarctic [15]. It is primarily a zoonotic disease that occurs through contact with infected animals (direct or indirect). There are several reservoirs, such as rodents, voles, and water voles, which are among the major sources of infection because they excrete the bacteria and they contaminate the water. This is very important due to the fact that infection with F. tularensis happens mainly through infected water [15]. However, and even though it is well known as a tick-borne disease, it is usually not immediately recognized after a tick bite [35]. In Europe, important tick vectors are D. nuttalli, D. marginatus, I. ricinus, D. reticulatus, and Haemaphysalus concinna. Tularemia demonstrates a seasonal trend in countries characterized by relatively cold climates, with the majority of cases reported between July and November. This aligns with an increased probability of exposure to the organism or vectors during outdoor recreational activities [15]. The incubation period ranges between 3 and 14 days, though the usual period is normally 3–5 days. The general symptoms are fever, malaise, chills, and headache. However, it manifests in six classical forms in humans, each determined by the site and route of infection [36]. Here, we will focus on the symptomatology due to vector bites. Thus, it may occur in the following forms. (i) Ulcero-glandular form: infection via direct contact with an infected animal or vector bite leads to this form, featuring symptoms such as skin lesions and lymphadenopathy. (ii) Glandular form: similar to the ulcero-glandular form in transmission, this form is distinguished by regional lymphadenopathy without detectable skin lesions.



The diagnosis of tularemia primarily relies on positive serology combined with clinical and epidemiological contexts. PCR-based methods are useful when tissue samples are available, allowing for the confirmation of F. tularensis presence through the amplification of target nucleic acid sequences [15].




1.3.2. Q Fever


Q fever is a globally prevalent zoonotic disease. The etiological agent, Coxiella burnetii, exhibits a broad spectrum of hosts and demonstrates remarkable resilience to adverse environmental conditions, including aridity, high temperatures, and disinfectants, thereby posing a prolonged risk of infection [37]. The primary mode of dissemination is through airborne transmission, facilitated by contaminated air or dust. Despite its widespread nature, the major reservoir and potential threat to humans are attributed to sheep and goats [38]; however, a significant number of human Q fever cases show neither direct nor indirect exposure to livestock as a risk factor, but rather exposure to wildlife [39]. The high host abundance can be observed in ticks, as C. burnetii has been found in ticks of several genera, such as Dermacentor, Haemaphysalis, Hyalomma (the most abundant), Ixodes, and Rhipicephalus [40]. Historically, it has been considered a vector-borne disease, but the role of ticks in transmission has not fully been elucidated yet. The excretion of C. burnetii in tick feces and saliva is well documented, but the role of these findings or the epidemiological context is discussed controversially [41]. Human infection manifests in both acute and chronic states. The fever associated with Q fever typically persists for 9–14 days, but approximately 60% of infected individuals remain asymptomatic. Only 5% may progress to endocarditis. Common Q fever manifestations include flu-like symptoms, anorexia, upper respiratory tract issues, persistent cough, chest pains, confusion, and occasionally nausea and diarrhea. Notably, Q fever fatigue syndrome, affecting 20% of patients, has been described as a debilitating chronic condition with economic consequences, but it is under discussion [42]. In cases of chronic infection, the occurrence of endocarditis, as previously mentioned, is observed, along with additional complications such as pericarditis, myocarditis, osteomyelitis, nephritis, hemolytic anemia, severe headaches, thyroiditis, and hepatitis, among other rarer symptoms. During pregnancy, infections often progress asymptomatically. However, noteworthy obstetric complications may arise, including placentitis, spontaneous abortion, impaired fetal growth, stillbirth, premature delivery, and the birth of fragile offspring. Infections contracted during pregnancy can also contribute to miscarriages in subsequent gestations [43,44,45,46]. Diagnosing Q fever is a complex task, given the challenges associated with relying on clinical signs, symptoms, or post-mortem examinations due to the non-specific nature of the disease presentation and the absence of distinctive symptoms and lesions. Therefore, the precise identification of C. burnetii infection hinges on laboratory evidence.





1.4. Tick-Borne Diseases Caused by Parasites


Babesiosis


Babesiosis is a zoonotic illness that affects the USA, Europe, and Asia, with Babesia divergens being a prominent species found primarily in Europe, with a percentage of ticks infected with Babesia spp. ranging from 0.78% to 51.78% [18]. Babesia divergens is primarily transmitted by Ixodes ricinus ticks, in Europe, with cattle serving as the primary reservoir host. Interestingly, I. ricinus also acts as a reservoir though transovarial transmission, as B. divergens parasites are transmitted from gravid female ticks to their eggs, infecting subsequent life stages without the need for a mammalian host. Transstadial transmission, which occurs between different life stages, is also important, with the nymph stage being the primary vector of infection [47]. Ixodes ricinus is also the vector for the autochthonous zoonotic species Babesia microti and Babesia venatorum in Europe. Both species cause human babesiosis, mainly in immunocompromised patients, which possibly suggests a milder course of infection than B. divergens [48].



Clinical manifestations of babesiosis vary widely, ranging from asymptomatic infection to life-threatening disease. After an incubation period of 1–3 weeks, symptoms generally have a rapid progression. Patients often experience malaise and fatigue, followed by a combination of symptoms, including intermittent fever of up to 40 °C, chills, sweats, anorexia, headache, and myalgia. Less common symptoms may include arthralgia, emotional instability, depression, hyperesthesia, neck stiffness, sore throat, nausea, abdominal pain, vomiting, conjunctival injection, photophobia, weight loss, shortness of breath, and non-productive cough. Physical examination findings occasionally include mild to moderate splenomegaly, hepatomegaly, and pallor and/or jaundice. Severe babesiosis is more common in asplenic and immunocompromised patients, and they are at higher risk of complications such as severe anemia, acute respiratory distress syndrome, disseminated intravascular coagulation, congestive heart failure, renal failure, hemophagocytic lymphohistiocytosis, and coma resulting in death. However, publications of exceptional cases of severe babesiosis in young healthy patients in France and Spain have challenged this “classic description of babesiosis in Europe” [49,50,51]. The mortality rate is as high as 42% in severe cases in asplenic and immunocompromised individuals who are infected with B. divergens.



In Europe, misdiagnosis and a lack of awareness of babesiosis have occasionally led to delayed diagnosis [48]. The diagnosis of babesiosis can be confirmed by the microscopic detection of parasites within red blood cells on Giemsa-stained or Wright-stained thin blood smears. PCR is more sensitive than a blood smear for detecting Babesia [52]. Unfortunately, no standardized diagnosis tests are available in Europe so far [48].



Despite the high abundance of I. ricinus ticks and a seroprevalence rate of 39.2% in the local population in Spain, the number of clinically diagnosed babesiosis cases is low [10]. During the period spanning January 1997 to December 2019, Spain recorded a total of 29 cases. Although the distribution of cases was variable, there appeared to be a stabilization at 0.21 cases per 10,000,000 person-years in the final two years of the study [18]. Consequently, babesiosis remains a rare infection in Spain, but there is increasing evidence for persons with Babesia-positive antibodies, asymptomatic patients, and patients with fulminant and fatal babesiosis [10,51,53,54,55].





1.5. Tick-Borne Diseases Caused by Viruses


Crimean-Congo Hemorrhagic Fever


The etiological agent of Crimean-Congo hemorrhagic fever (CCHF) is a virus of the Nairoviridae family, Nairovirus genus, and is the most lethal tick-borne hemorrhagic disease. Ticks are the main vectors responsible for the transmission of Crimean-Congo hemorrhagic fever virus (CCHFV), with particular emphasis placed on ticks of the genus Hyalomma [56]. These ticks often parasitize several vertebrate species, both wild and domestic mammals. Consequently, animals such as cattle, goats, and sheep serve as a reservoir for viral amplification, often showing only transient viremia. The virus can persist within ticks throughout their lives through mechanisms such as trans-stage transmission [57]. Humans can contract CCHF through the bite of an infected tick or through direct contact with the mucous membranes or body fluids of infected individuals or animals. Although CCHF represents the most severe consequence of CCHFV infection, seroepidemiological analyses have prompted a reassessment of asymptomatic CCHV infections in humans, leading to a broader understanding of the clinical spectrum of the disease [57].



The incubation period varies depending on the route of exposure, lasting 1 to 9 days when acquired by tick bite and 5 to 13 days if acquired by contact with contaminated tissues or blood. This may be followed by the first symptoms, which may include a significant increase in body temperature, chills, photophobia, myalgia, nausea, and severe headache, and a short hemorrhagic phase (2–3 days) characterized by various signs such as petechiae, ecchymosis, and potentially dramatic hemorrhages in the gastrointestinal, urinary, cerebral, and respiratory tracts. This phase is associated with negative prognostic indicators [58].



Diagnosis of CCHF usually begins with a thorough collection of information about the patient, including recent travel history and a medical examination. Currently, laboratory methods for the diagnosis of CCHF include real-time polymerase chain reaction (RT-PCR) to detect viral RNA in patient samples and virus isolation, although less frequently used due to its complexity and time-consuming nature, and fundamentally because laboratories of the highest biosafety level (i.e., BSL4) are required, and can provide definitive evidence of CCHF infection [57].



Early recognition of symptoms, prompt medical assessment, and appropriate supportive measures are essential to improve patient outcomes and reduce the mortality associated with CCHF, as well as the need for rapid diagnosis to implement effective isolation and public health measures for the containment of infection [57].



In Spain, where most CCHF patients have been diagnosed since 2016, the fatality rate of CCHF was as high as 30%. Of note, those 3/10 patients who died showed the highest Bakir-scale scores (>7) on admission. Previous studies have shown that in this viral infection transmitted by ticks, regional differences in mortality rates may be related to factors including the availability of advanced medical care facilities, faster diagnosis because of a better surveillance system that enables the early detection of cases with mild to moderate clinical findings, the routes of acquisition of the infection, and the genotype of the virus [17].






2. Retrospective Study Conducted on the Laboratory Diagnosis Database of the National Centre for Microbiology, Carlos III Institute of Health (CNM-ISCIII), from 2014 Through to 2023


Retrospective analyses may provide an opportunity to observe patterns in requests related to infection with tick-borne pathogens. In this context, and in order to restrict requests, only requests where both the history and observations described by the clinicians indicated a confirmation of arthropod/tick bites in the patients (no other information was extracted from the database to protect the anonymity of the patients). This search counted both individual and combined requests for the detection and exposure of different TBPs, including bacteria such as Borrelia spp., Rickettsia spp., Anaplasma spp., Coxiella burnetii, and Francisella tularensis, and parasites such as Babesia spp. and Crimean-Congo hemorrhagic fever virus. Overall, the number of orders for testing for the presence of nucleic acids and/or antibodies to TBPs in patients who had been bitten by an arthropod/tick and with present symptoms amounted to 1368, of which 81.2% (1111/1368) were requests for a single pathogen, with Borrelia being the highest request, with more than 500 request in the last 10 years, followed by Anaplasma and Rickettsia, with 302 and 168 petitions, respectively. Figure 1 shows the individual and combined request values of the different pathogens. Requests with two or more pathogens in combination accounted for 18.8% (257/1368) of the requests. Among these, requests of two, three, four, and five pathogens account for the 61.1%, 22.6%, 14.0%, 1.9%, and 0.4%, respectively, being the combinations of requests for Borrelia-Rickettsia (n = 40), Anaplasma-Francisella (n = 34), and Borrelia-Anaplasma (n = 32), the most frequent.




3. An Overview of the Clinical Signs and Symptoms of Tick-Borne Diseases in Spain: The Challenge of Multiple and/or Syndromic Diagnosis


With the above framework of diseases, pathogens, and symptomatology (Table 1, Figure 2), an integrated diagnosis by molecular techniques seems necessary, at least in the first days/weeks post-infection, where many of these tick-borne diseases present a very similar clinical picture (Figure 2).



In this respect, we observe that many of the tick-borne diseases present a very similar symptomatology, starting with a flu-like syndrome, followed by lymphadenopathies and muscular and articular problems (Figure 2 and Figure 3). Diagnosis can be difficult if we only focus on one pathogen, overlooking all other TBPs that cause similar symptomatology, as we can see in Figure 2, where the initial symptomatologies between the different tick-borne pathologies are very similar, overlapping between diseases in their acute phase.



The traditional methods for detecting TBPs were culture, microscopy, and serological tests [59]. Although these tests are commonly used today, they have inevitable limitations, such as serological cross-reactivity between closely related organisms and the lack of culturability of some fastidious organisms or biosafety requirements, which restricts their usefulness in detecting emerging pathogens [59].



The development of molecular diagnostic tools, such as PCR and nucleic acid sequencing, has had a significant impact on our understanding of TBPs and their role in human disease [60]. Real-time PCR and new molecular techniques provide a rapid and highly sensitive method for the detection of TBPs, and can be used as a tool for the discovery of new pathogens [60,61]. The quality, diversity, and availability of diagnostic technologies have improved significantly in recent decades. However, their relatively recent characterization, limited resources, and ecological complexity have made diagnosis and surveillance a constant challenge [60].



One of the most obvious and well-known cases for implementing syndromic diagnosis is co-infection by B. burgdorferi s.l. and Babesia spp. [10]). Lyme borreliosis is one of the best-characterized TBDs and the subject of much public health attention. However, due to its diverse clinical presentation, it can easily escape recognition in the absence of its characteristic erythematous migratory rash or be confused with any other infectious process. On the other hand, infections between Lyme disease and babesiosis may occur in two-thirds of the cases of Lyme disease diagnosed in the USA [9]. Several factors suggest co-infection, including laboratory abnormalities and the prolonged duration of symptoms despite adequate treatment. In patients who are receiving adequate treatment for Lyme borreliosis but remain febrile for more than 24 h, it is recommended that co-infection with other tick-borne diseases be investigated. Co-infection screening is also recommended in patients with unexplained thrombocytopenia and/or anemia. Clinicians should have a high level of suspicion for co-infection, as untreated disease can lead to long-term and sometimes life-threatening sequelae [10]. More than two decades ago, in an article on co-infection rates with tick-borne diseases [62], 39% of patients were co-infected with more than one organism. The most common co-infection was Lyme disease with babesiosis (81% of co-infections), and only 5% of patients had three infections (Lyme, anaplasmosis, babesiosis). This may suggest that this percentage may currently be higher due to the increased distribution of ticks and the pathogens they carry. On the other hand, there may be cases in which the symptomatology may lead us to believe that it is clearly caused by a pathogen, such as the recent case in which the presence of Rickettsia raoultii has been described in a patient with erythema migrans, more closely related to Borrelia spp. infection [63]. Another case is described by Negredo et al., in 2021 [64], of a person (32-year-old previously healthy woman) who recovered from a severe illness in May 2013, described as ‘caused by a tick bite’, and whose etiology was unknown. The patient’s occupation did not expose her to animals. Her medical history was reviewed, and it was noted that three days after being bitten by a tick during a walk in the mountains, she requested medical attention after experiencing fever and chills. On the next day, the patient’s general condition deteriorated (arthromyalgia, nausea, vomiting, and diarrhea), and she was admitted to a local hospital. Physical examination revealed erythema and a necrotic lesion on the patient’s back in the area of the tick bite. Despite treatment, septic shock developed, and supportive treatment was started in the intensive care unit. After 10 days of hospitalization, the patient recovered and was discharged. The final laboratory diagnostic tests ruled out infection with the most common tick-borne diseases (i.e., Rickettsia spp., B. burgdorferi s.l., Anaplasma spp., and Ehrlichia spp.), and other suspected etiologies (i.e., cytomegalovirus, Coxiella spp., hepatitis C virus, hepatitis B virus, HIV). Eight years later, and thanks to research on Crimean-Congo viral hemorrhagic disease, this case could be confirmed as the first autochthonous case of Crimean-Congo viral hemorrhagic disease [64]. These remarkable cases may only be the tip of the iceberg of the presence of TBP in the Spanish population, and further research is needed in syndromic diagnosis covering all possible TBPs, including both known and potentially unknown pathogens.



For patients, these inaccurate, erroneous, or late diagnoses pose a risk of developing more severe and chronic forms of disease. Indeed, many unexplained syndromes associated with tick bites have led to considerable discrepancies between infectious disease institutions and patient associations. For public health authorities, these limitations result in fragmented data sets, subject to significant spatial and temporal biases that make it difficult to estimate the transmission dynamics, risk of outbreaks, and geographic burden of disease [65].



Therefore, in order to establish the basis for a holistic approach to the detection of TBDs, improved diagnostics is an important objective. This challenge is strongly reflected in the diverse range of bacteria, viruses, and protozoa responsible for a multitude of acute and chronic pathologies, which in themselves have required a variety of visual, molecular, serological, cell culture, and immunohistochemical tests. This complicates the differential diagnosis of tick exposure and requires the evaluation of multiple types of organisms. In the retrospective analysis of the requests from clinicians from throughout Spain to the National Center for Microbiology (Figure 1), we could observe that in these requests, whose common denominator was tick bites, we found that the majority of requests were for a single pathogenic agent (81.2%; 1111/1368), which was mostly Borrelia (46.5%; 517/1111), the causative agent of Lyme Borreliosis; however, a significant proportion of the results of these requests were negative, indicating that there was no broad and targeted diagnosis for the wide range of TBPs.



On the other hand, there is consensus that due to the limitations of existing diagnostics and the increasing threat posed by TBDs, the importance of next-generation technologies in the diagnosis of TBDs is widely recognized [60]. The efficacy of either diagnosis depends largely on the nature of the disease and the methodology used. However, considering the prevalence of co-circulating TBPs, the increasing focus is on reported tick bite exposure and the identification of generic and overlapping symptoms (Figure 3), so there is a marked demand for holistic assays that can detect a wider range of pathogens. In this regard, many molecular diagnostic methods, such as next-generation sequencing, metagenomics, and PCR, promise to improve the detection of new and emerging pathogens with the ability to detect many targets in a single assay. A broad approach to pathogen diagnostic testing can allow the patient sample to be screened for many organisms at once, rather than pooling a variety of tests using multiple methodologies to obtain the same level of diagnostic evaluation. A strategy of catch-all testing also provides an additional level of patient safety, as less tests need to be ordered, and therefore the risk of missing tests or failure to order a particular test is reduced. This can be particularly useful when uncommon clinical presentations or rare etiologies are encountered [65].



The availability of increasingly sophisticated diagnostic tools has transformed our ability to detect and respond to health risks. However, regardless of their sophistication, initial pathogen identification begins in the local community, where human–animal cases occur due to overlapping environments. Unfortunately, many high-risk TBD areas lack the infrastructure and expertise needed to support robust laboratory diagnostic systems, meaning that TBD testing is largely limited to clinical–veterinary laboratories in urban areas, far from the primary interfaces of human–animal–tick interactions. For clinical use, costs and deadlines are the major challenges. Rapid TBD diagnostics are needed to influence the clinical decision process. At present, standard molecular technique timelines are measured in days, limiting their adaptability to acute TBD; in this case, the most appropriate alternative is the use of simultaneous multiple screening using novel molecular techniques that cover the main TBP of the area.



Therefore, it is important to develop multi-focal networks for the surveillance of ticks and TBP and to develop preventive measures, including accurate information on these pathologies as a first course of action.




4. Conclusions and Recommendations


Advances in research into new molecular diagnostics will undoubtedly improve our ability to use these powerful analytical tools for clinical care, pathogen discovery, and disease surveillance. The detection of nucleic acids of pathogens using real-time PCR molecular analysis is useful if performed on blood or tissue samples within 5–10 days of symptom onset. In addition, the simultaneous detection of one or more TBP from the same patient sample should become routine when testing for TBDs, especially in specialized centers such as the Spanish National Center for Microbiology, where several TBDs are diagnosed. However, there is a need to improve laboratory capacity, diagnostic tools, and, above all, clinician awareness to detect and control tick-borne diseases from a global health perspective. On the other hand, the harmonization of diagnostic protocols and techniques, together with the establishment of a well-characterized database for the validation of sequence analyses for species differentiation, would contribute to standardizing the analytical process, improving algorithms for both initial diagnosis and final treatment at the individual-patient level.







Author Contributions


Conceptualization, R.C.-F. and D.G.-B.; methodology, R.C.-F., J.M.T., P.S.-M., M.P.S.-S., E.M., A.N., L.M.G. and D.G.-B.; software: R.C.-F., J.M.T., A.D. and D.G.-B.; validation, D.G.-B.; formal analysis, D.G.-B.; investigation, R.C.-F., J.M.T., P.S.-M., M.P.S.-S., E.M., A.V., A.N., L.M.G. and D.G.-B.; data curation, D.G.-B.; writing—original draft preparation, R.C.-F. and D.G.-B.; writing—review and editing, R.C.-F., J.M.T., P.S.-M., R.E., M.P.S.-S., E.M., A.V., A.N., L.M.G., A.D., M.T.L., J.G.-Z., I.J. and D.G.-B.; visualization, D.G.-B.; supervision, D.G.-B. All authors have read and agreed to the published version of the manuscript.




Funding


The authors declare that they have received no financial support for the research, authorship, and/or publication of this article.




Institutional Review Board Statement


Ethical review and approval was not necessary for this study because this work was only based on the use of diagnostic data, no personal data of the patients were consulted.




Informed Consent Statement


Not applicable.




Data Availability Statement


The authors confirm that the data supporting the findings of this study are available within this article.




Acknowledgments


J.M.T. is the beneficiary of a Research Assistant contract (PEJ-2023-AI/SAL-GL-27600) funded by the Programa operativo de empleo juvenil y la iniciativa de empleo, Comunidad de Madrid, España. The Instituto de Salud Carlos III, Spanish Ministry of Economy and Competitiveness, Spain, supported this work (Grant numbers: PI23CIII/00052 to D.G.-B., and PI20CIII-00037 to E.M. and L.G.M.). We gratefully thank the health professionals working in the National Health System, and especially in the National Center for Microbiology from Spain, whose efforts and dedication have made it possible to obtain the data necessary to complete this work. We would also like to thank the Diagnostic Orientation Laboratory, as well as the Arboviruses and Imported Viral Diseases Laboratory, the Parasitology Reference and Research Laboratory, and the Reference and Research Laboratory on Special Pathogens and Rapid Response System, all from the National Center for Microbiology.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Morse, S.S.; Mazet, J.A.; Woolhouse, M.; Parrish, C.R.; Carroll, D.; Karesh, W.B.; Zambrana-Torrelio, C.; Lipkin, W.I.; Daszak, P. Prediction and prevention of the next pandemic zoonosis. Lancet 2012, 380, 1956–1965. [Google Scholar] [CrossRef] [PubMed]

	



White, R.J.; Razgour, O. Emerging zoonotic diseases originating in mammals: A systematic review of effects of anthropogenic land-use change. Mammal. Rev. 2020, 50, 336–352. [Google Scholar] [CrossRef] [PubMed]

	



Bonneaud, C.; Longdon, B. Emerging pathogen evolution: Using evolutionary theory to understand the fate of novel infectious pathogens. EMBO Rep. 2020, 21, e51374. [Google Scholar] [CrossRef] [PubMed]

	



Natarajan, P.; Miller, A. Recreational Infections (Chapter 71). In Infectious Diseases; Cohen, J., Powderly, W.G., Opal, S.M., Eds.; Elsevier Health Sciences: London, UK, 2016. [Google Scholar]

	



Recht, J.; Schuenemann, V.J.; Sánchez-Villagra, M.R. Host Diversity and Origin of Zoonoses: The Ancient and the New. Animals 2020, 10, 1672. [Google Scholar] [CrossRef] [PubMed]

	



Rowan, S.; Mohseni, N.; Chang, M.; Burger, H.; Peters, M.; Mir, S. From Tick to Test: A Comprehensive Review of Tick-Borne Disease Diagnostics and Surveillance Methods in the United States. Life 2023, 13, 2048. [Google Scholar] [CrossRef]

	



Sanchez-Vicente, S.; Tokarz, R. Tick-Borne Co-Infections: Challenges in Molecular and Serologic Diagnoses. Pathogens 2023, 12, 1371. [Google Scholar] [CrossRef]

	



Dunaj, J.; Moniuszko-Malinowska, A.; Swiecicka, I.; Andersson, M.; Czupryna, P.; Rutkowski, K.; Zambrowski, G.; Zajkowska, J.; Grygorczuk, S.; Kondrusik, M.; et al. Tick-borne infections and co-infections in patients with non-specific symptoms in Poland. Adv. Med. Sci. 2018, 63, 167–172. [Google Scholar] [CrossRef]

	



Grant, L.; Mohamedy, I.; Loertscher, L. One man, three tick-borne illnesses. BMJ Case Rep. 2021, 14, e241004. [Google Scholar] [CrossRef]

	



Montero, E.; Folgueras, M.; Rodriguez-Pérez, M.; Pérez-Ls, L.; Díaz-Arias, J.; Meana, M.; Revuelta, B.; Haapasalo, K.; Collazos, J.; Asensi, V.; et al. Retrospective study of the epidemiological risk and serological diagnosis of human babesiosis in Asturias, Northwestern Spain. Parasit. Vectors 2023, 16, 195. [Google Scholar] [CrossRef]

	



Espí, A.; Del Cerro, A.; Somoano, A.; García, V.; Prieto, J.M.; Barandika, J.F.; García-Pérez, A.L. Borrelia burgdorferi sensu lato prevalence and diversity in ticks and small mammals in a Lyme borreliosis endemic Nature Reserve in North-Western Spain. Incidence in surrounding human populations. Enferm. Infecc. Microbiol. Clin. 2017, 35, 563–568. [Google Scholar] [CrossRef]

	



Del Cerro, A.; Oleaga, A.; Somoano, A.; Barandika, J.F.; García-Pérez, A.L.; Espí, A. Molecular identification of tick-borne pathogens (Rickettsia spp.; Anaplasma phagocytophilum, Borrelia burgdorferi sensu lato, Coxiella burnetii and piroplasms) in questing and feeding hard ticks from North-Western Spain. Ticks Tick. Borne Dis. 2022, 13, 101961. [Google Scholar] [CrossRef] [PubMed]

	



Garcia-Vozmediano, A.; De Meneghi, D.; Sprong, H.; Portillo, A.; Oteo, J.A.; Tomassone, L. A One Health Evaluation of the Surveillance Systems on Tick-Borne Diseases in the Netherlands, Spain and Italy. Vet. Sci. 2022, 9, 504. [Google Scholar] [CrossRef] [PubMed]

	



Moerbeck, L.; Domingos, A.; Antunes, S. Tick-Borne Rickettsioses in the Iberian Peninsula. Pathogens 2022, 11, 1377. [Google Scholar] [CrossRef] [PubMed]

	



Yeni, D.K.; Büyük, F.; Ashraf, A.; Shah, M.S.U.D. Tularemia: A re-emerging tick-borne infectious disease. Folia Microb. 2021, 66, 1–14. [Google Scholar] [CrossRef] [PubMed]

	



Pustijanac, E.; Buršić, M.; Millotti, G.; Paliaga, P.; Iveša, N.; Cvek, M. Tick-Borne Bacterial Diseases in Europe: Threats to public health. Eur. J. Clin. Microbiol. Infect. Dis. 2024, 43, 1261–1295. [Google Scholar] [CrossRef]

	



Lorenzo Juanes, H.M.; Carbonell, C.; Sendra, B.F.; López-Bernus, A.; Bahamonde, A.; Orfao, A.; Lista, C.V.; Ledesma, M.S.; Negredo, A.; Rodríguez-Alonso, B.; et al. Crimean-Congo Hemorrhagic Fever, Spain, 2013-2021. Emerg. Infect. Dis. 2023, 29, 252–259. [Google Scholar] [CrossRef]

	



Almeida, H.; López-Bernús, A.; Rodríguez-Alonso, B.; Alonso-Sardón, M.; Romero-Alegría, Á.; Velasco-Tirado, V.; Pardo-Lledías, J.; Muro, A.; Belhassen-García, M. Is babesiosis a rare zoonosis in Spain? Its impact on the Spanish Health System over 23 years. PLoS ONE 2023, 18, e0280154. [Google Scholar] [CrossRef]

	



Barandika, J.F.; Hurtado, A.; García-Sanmartín, J.; Juste, R.; Anda, P.; García-Pérez, A.L. Prevalence of tick-borne zoonotic bacteria in questing adult ticks from northern Spain. Vector Borne Zoonotic Dis. 2008, 8, 829–835. [Google Scholar] [CrossRef]

	



Tomaso, H.; Otto, P.; Peters, M.; Süss, J.; Karger, A.; Schamoni, H.; Zuchantke, E.; Hotzel, H. Francisella tularensis and other bacteria in hares and ticks in North Rhine-Westphalia (Germany). Ticks Tick-Borne Dis. 2018, 9, 325–329. [Google Scholar] [CrossRef]

	



Castro-Scholten, S.; Caballero-Gómez, J.; Martínez, R.; Nadales-Martín, B.J.; Cano-Terriza, D.; Jiménez-Martín, D.; Remesar, S.; Jiménez-Ruiz, S.; Gómez-Guillamón, F.; García-Bocanegra, I. Occurrence of Coxiella burnetii in wild lagomorphs and their ticks in Spanish Mediterranean ecosystems. Zoonoses Public Health 2024, 71, 549–559. [Google Scholar] [CrossRef]

	



Cuadrado-Matías, R.; Moraga-Fernández, A.; Peralbo-Moreno, A.; Negredo, A.I.; Sánchez-Seco, M.P.; Ruiz-Fons, F. Crimean-Congo haemorrhagic fever virus in questing non-Hyalomma spp. ticks in Northwest Spain, 2021. Zoonoses Public Health 2024, 71, 578–583. [Google Scholar] [CrossRef] [PubMed]

	



Kapoor, T.; Murray, L.; Kuvaldina, M.; Jiang, C.S.; Peace, A.A.; Agudelo, M.; Jurado, A.; Robbiani, D.F.; Klemens, O.; Lattwein, E.; et al. Prevalence of Powassan Virus Seropositivity Among People with History of Lyme Disease and Non-Lyme Community Controls in the Northeastern United States. Vector Borne Zoonotic Dis. 2024, 24, 226–236. [Google Scholar] [CrossRef] [PubMed]

	



Chatterjee, S.; Kim, C.M.; Kim, D.M.; Seo, J.W.; Kim, D.Y.; Yun, N.R.; Jung, S.I.; Kim, U.J.; Kim, S.E.; Kim, H.A.; et al. Coinfection With Severe Fever With Thrombocytopenia Syndrome and Scrub Typhus in Korea. Open Forum Infect. Dis. 2023, 10, ofad377. [Google Scholar] [CrossRef] [PubMed]

	



Boyer, P.H.; Lenormand, C.; Jaulhac, B.; Talagrand-Reboul, E. Human Co-Infections between Borrelia burgdorferi s.l. and Other Ixodes-Borne Microorganisms: A Systematic Review. Pathogens 2022, 11, 282. [Google Scholar] [CrossRef]

	



Cutler, S.J.; Vayssier-Taussat, M.; Estrada-Peña, A.; Potkonjak, A.; Mihalca, A.D.; Zeller, H. Tick-borne diseases and co-infection: Current considerations. Ticks Tick Borne Dis. 2021, 12, 101607. [Google Scholar] [CrossRef]

	



Mead, P.S. Epidemiology of Lyme disease. Infect. Dis. Clin. North. Am. 2015, 29, 187–210. [Google Scholar] [CrossRef]

	



Radolf, J.D.; Strle, K.; Lemieux, J.E.; Strle, F. Lyme disease in humans. Curr. Issues Mol. Biol. 2022, 42, 333–384. [Google Scholar] [CrossRef]

	



Spernovasilis, N.; Markaki, I.; Papadakis, M.; Mazonakis, N.; Ierodiakonou, D. Mediterranean spotted fever: Current knowledge and recent advances. Trop. Med. Infect. 2021, 6, 172. [Google Scholar] [CrossRef]

	



Santibáñez, S.; Portillo, A.; Ibarra, V.; Santibáñez, P.; Metola, L.; García-García, C.; Palomar, A.M.; Cervera-Acedo, C.; Alba, J.; Blanco, J.R.; et al. Epidemiological, clinical, and microbiological characteristics in a large series of patients affected by Dermacentor-borne-necrosis-erythema-lymphadenopathy from a unique centre from Spain. Pathogens 2022, 11, 528. [Google Scholar] [CrossRef]

	



Silva-Pinto, A.; Santos, M.d.L.; Sarmento, A. Tick-borne lymphadenopathy, an emerging disease. Ticks Tick-Borne Dis. 2014, 5, 656–659. [Google Scholar] [CrossRef]

	



Dantas-Torres, F.; Otranto, D. Anaplasmosis. In Arthropod Borne Diseases; Marcondes, C., Ed.; Springer: Cham, Switzerland, 2017. [Google Scholar] [CrossRef]

	



Remesar, S.; Prieto, A.; García-Dios, D.; López-Lorenzo, G.; Martínez-Calabuig, N.; Díaz-Cao, J.M.; Panadero, R.; López, C.M.; Fernández, G.; Díez-Baños, P.; et al. Diversity of Anaplasma species and importance of mixed infections in roe deer from Spain. Transbound. Emerg. Dis. 2022, 69, e374–e385. [Google Scholar] [CrossRef] [PubMed]

	



Sholeh, M.; Moradkasani, S.; Esmaeili, S. Epidemiology of tularemia in the countries of the WHO Eastern Mediterranean Region (EMRO): A systematic review and meta-analysis. PLoS Negl. Trop. Dis. 2024, 18, e0012141. [Google Scholar] [CrossRef] [PubMed]

	



Heger, F.; Schindler, S.; Pleininger, S.; Fueszl, A.; Blaschitz, M.; Lippert, K.; Hyden, P.; Hufnagl, P.; Mutschlechner, D.; Gremmel, T.; et al. Three Cases of Tickborne Francisella tularensis Infection, Austria, 2022. Emerg. Infect. Dis. 2023, 29, 2349–2352. [Google Scholar] [CrossRef] [PubMed]

	



Mailles, A.; Vaillant, V. 10 years of surveillance of human tularaemia in France. Eurosurveillance 2014, 19, 20956. [Google Scholar] [CrossRef]

	



Angelakis, E.; Raoult, D. Q fever. Vet. Microbiol. 2011, 140, 297–309. [Google Scholar] [CrossRef]

	



European Centre for Disease Prevention and Control. Q Fever. In ECDC. Annual Epidemiological Report for 2019; ECDC: Stockholm, Sweden, 2021; Available online: https://www.ecdc.europa.eu/sites/default/files/documents/AER-Q-fever-2019.pdf (accessed on 3 October 2024).

	



González-Barrio, D.; Carpio, A.J.; Sebastián-Pardo, M.; Peralbo-Moreno, A.; Ruiz-Fons, F. The relevance of the wild reservoir in zoonotic multi-host pathogens: The links between Iberian wild mammals and Coxiella burnetii. Transbound. Emerg. Dis. 2022, 69, 3868–3880. [Google Scholar] [CrossRef]

	



Körner, S.; Makert, G.R.; Ulbert, S.; Pfeffer, M.; Mertens-Scholz, K. The prevalence of Coxiella burnetii in hard ticks in Europe and their role in Q fever transmission revisited—A systematic review. Front. Vet. Sci. 2021, 8, 655715. [Google Scholar] [CrossRef]

	



Yessinou, R.E.; Katja, M.S.; Heinrich, N.; Farougou, S. Prevalence of Coxiella-infections in ticks—Review and meta-analysis. Ticks Tick-Borne Dis 2022, 13, 101926. [Google Scholar] [CrossRef]

	



Ullah, Q.; Jamil, T.; Saqib, M.; Iqbal, M.; Neubauer, H. Q fever—A neglected zoonosis. Microorganisms 2022, 10, 1530. [Google Scholar] [CrossRef]

	



Morroy, G.; Keijmel, S.P.; Delsing, C.E.; Bleijenberg, G.; Langendam, M.; Timen, A.; Bleeker-Rovers, C.P. Fatigue following Acute Q-Fever: A Systematic Literature Review. PLoS ONE 2016, 11, e0155884. [Google Scholar] [CrossRef]

	



Keijmel, S.P.; Saxe, J.; van der Meer, J.W.; Nikolaus, S.; Netea, M.G.; Bleijenberg, G.; Bleeker-Rovers, C.P.; Knoop, H. A comparison of patients with Q fever fatigue syndrome and patients with chronic fatigue syndrome with a focus on inflammatory markers and possible fatigue perpetuating cognitions and behaviour. J. Psychosom. Res. 2015, 79, 295–302. [Google Scholar] [CrossRef] [PubMed]

	



Dijkstra, F.; van der Hoek, W.; Wijers, N.; Schimmer, B.; Rietveld, A.; Wijkmans, C.J.; Vellema, P.; Schneeberger, P.M. The 2007–2010 Q fever epidemic in The Netherlands: Characteristics of notified acute Q fever patients and the association with dairy goat farming. FEMS Microbiol. Immunol. 2012, 64, 3–12. [Google Scholar] [CrossRef] [PubMed]

	



van Asseldonk, M.A.; Prins, J.; Bergevoet, R.H. Economic assessment of Q fever in The Netherlands. Prev. Vet. Med. 2013, 112, 27–34. [Google Scholar] [CrossRef] [PubMed]

	



Bonnet, S.; Jouglin, M.; Malandrin, L.; Becker, C.; Agoulon, A.; L’hostis, M.; Chauvin, A. Transstadial and transovarial persistence of Babesia divergens DNA in Ixodes ricinus ticks fed on infected blood in a new skin-feeding technique. Parasitology 2007, 134, 197–207. [Google Scholar] [CrossRef]

	



Hildebrandt, A.; Zintl, A.; Montero, E.; Hunfeld, K.-P.; Gray, J. Human Babesiosis in Europe. Pathogens 2021, 10, 1165. [Google Scholar] [CrossRef]

	



Kumar, A.; O’Bryan, J.; Krause, P.J. The Global Emergence of Human Babesiosis. Pathogens 2021, 10, 1447. [Google Scholar] [CrossRef]

	



Martinot, M.; Zadeh, M.M.; Hansmann, Y.; Grawey, I.; Christmann, D.; Aguillon, S.; Jouglin, M.; Chauvin, A.; De Briel, D. Babesiosis in immunocompetent patients, Europe. Emerg. Infect. Dis. 2011, 17, 114–116. [Google Scholar] [CrossRef]

	



Gonzalez, L.M.; Rojo, S.; Gonzalez-Camacho, F.; Luque, D.; Lobo, C.A.; Montero, E. Severe babesiosis in immunocompetent man, Spain, 2011. Emerg. Infect. Dis. 2014, 20, 724–726. [Google Scholar] [CrossRef]

	



Krause, P.J.; Telford, S.; Spielman, A.; Ryan, R.; Magera, J.; Rajan, T.V.; Christianson, D.; Alberghini, T.V.; Bow, L.; Persing, D. Comparison of PCR with blood smear and inoculation of small animals for diagnosis of Babesia microti parasitemia. J. Clin. Microbiol. 1996, 34, 2791–2794. [Google Scholar] [CrossRef]

	



Asensi, V.; González, L.M.; Fernández-Suárez, J.; Sevilla, E.; Navascués, R.Á.; Suárez, M.L.; Lauret, M.E.; Bernardo, A.; Carton, J.A.; Montero, E. A fatal case of Babesia divergens infection in Northwestern Spain. Ticks Tick-Borne Dis. 2018, 9, 730–734. [Google Scholar] [CrossRef]

	



González, L.M.; Castro, E.; Lobo, C.A.; Richart, A.; Ramiro, R.; González-Camacho, F.; Luque, D.; Velasco, A.C.; Montero, E. First report of Babesia divergens infection in an HIV patient. Int. J. Infect. Dis. 2015, 33, 202–204. [Google Scholar] [CrossRef] [PubMed]

	



Hildebrandt, A.; Gray, J.; Montero, E. Characteristics of Human Babesiosis in Europe. Pathogens 2023, 12, 323. [Google Scholar] [CrossRef] [PubMed]

	



Frank, M.G.; Weaver, G.; Raabe, V. State of the Clinical Science Working Group of the National Emerging Pathogens Training, Education Center’s Special Pathogens Research Network, & State of the Clinical Science Working Group of the National Emerging Pathogens Training Education Center’s Special Pathogens Research Network. Crimean-Congo Hemorrhagic Fever Virus for Clinicians-Epidemiology, Clinical Manifestations, and Prevention. Emerg. Infect. Dis. 2024, 30, 854–863. [Google Scholar] [CrossRef] [PubMed]

	



Serretiello, E.; Astorri, R.; Chianese, A.; Stelitano, D.; Zannella, C.; Folliero, V.; Santella, B.; Galdiero, M.; Franci, G.; Galdiero, M. The emerging tick-borne Crimean-Congo haemorrhagic fever virus: A narrative review. Travel. Med. Infect. Dis. 2020, 37, 101871. [Google Scholar] [CrossRef]

	



Bente, D.A.; Forrester, N.L.; Watts, D.M.; McAuley, A.J.; Whitehouse, C.A.; Bray, M. Crimean-Congo hemorrhagic fever: History, epidemiology, pathogenesis, clinical syndrome and genetic diversity. Antiviral Res. 2013, 100, 159–189. [Google Scholar] [CrossRef]

	



Rodino, K.G.; Wolf, M.J.; Sheldon, S.; Kingry, L.C.; Petersen, J.M.; Patel, R.; Pritt, B.S. Detection of Tick-Borne Bacteria from Whole Blood Using 16S Ribosomal RNA Gene PCR Followed by Next-Generation Sequencing. J. Clin. Microbiol. 2021, 59, e03129-20. [Google Scholar] [CrossRef]

	



Rodino, K.G.; Pritt, B.S. Novel Applications of Metagenomics for Detection of Tickborne Pathogens. Clin. Chem. 2021, 68, 69–74. [Google Scholar] [CrossRef]

	



Thoendel, M. Targeted Metagenomics Offers Insights into Potential Tick-Borne Pathogens. J. Clin. Microbiol. 2020, 58, e01893-20. [Google Scholar] [CrossRef]

	



Krause, P.J.; McKay, K.; Gadbaw, J.; Christianson, D.; Closter, L.; Lepore, T.; Telford, S.R.; Sikand, V.; Ryan, R.; Persing, D.; et al. Increasing health burden of human babesiosis in endemic sites. Am. J. Trop. Med. Hyg. 2003, 68, 431–436. [Google Scholar] [CrossRef]

	



Norman, F.F.; Sánchez-Martín, J.; Rodríguez-Domínguez, M.; Escudero, R.; Martín, O. Dermacentor-borne necrosis erythema lymphadenopathy (DEBONEL) due to Rickettsia raoultii in a patient with erythema migrans. J. Travel. Med. 2023, 30, taad057. [Google Scholar] [CrossRef]

	



Negredo, A.; Sánchez-Ledesma, M.; Llorente, F.; Pérez-Olmeda, M.; Belhassen-García, M.; González-Calle, D.; Sánchez-Seco, M.P.; Jiménez-Clavero, M.Á. Retrospective Identification of Early Autochthonous Case of Crimean-Congo Hemorrhagic Fever, Spain, 2013. Emerg. Infect. Dis. 2021, 27, 1754–1756. [Google Scholar] [CrossRef]

	



Vayssier-Taussat, M.; Cosson, J.F.; Degeilh, B.; Eloit, M.; Fontanet, A.; Moutailler, S.; Raoult, D.; Sellal, E.; Ungeheuer, M.N.; Zylbermann, P. How a multidisciplinary ‘One Health’ approach can combat the tick-borne pathogen threat in Europe. Future Microbiol. 2015, 10, 809–818. [Google Scholar] [CrossRef]








[image: Tropicalmed 09 00272 g001] 





Figure 1. Individual and combined request numbers received by the National Center for Microbiology from 2014 through to 2023 for the different TBPs. 
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Figure 2. Timeline of the different tick-borne diseases. 
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Figure 3. Sankey diagram showing the overlapping symptomatology in the different tick-borne diseases. 
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Table 1. Tick-borne diseases based on their etiological agent (bacterium, virus, and parasite) together with the principal tick species that transmits the disease.
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	Tick-Borne

Diseases
	
	Pathogen
	Tick Vector





	BACTERIA [11,12,13,14,15,16]
	Spotted Fever Group (SFG)
	Mediterranean spotted-fever (MSF)
	Rickettsia conorii conorii
	Rhipicephalus sanguineus s.l.



	
	
	Mediterranean spotted-fever-like
	Rickettsia monacensis

Rickettsia massiliae

Rickettsia aeschlimannii
	Ixodes Ricinus

Rhipicephalus sanguineus

Rhipicephalus turanicus

Rhipicephalus pusillus

Rhipicephalus bursa



	
	
	Dermacentor-borne necrosis erythema lymphadenopathy (DEBONEL)/tick-borne lymphadenopathy (TIBOLA)/scalp-eschar-and-neck-lymphadenopathy-after-tick-bite (SENLAT)
	Rickettsia slovaca

Rickettsia raoultii Candidatus Rickettsia rioja
	Dermacentor marginatus

Dermacentor reticulatus



	
	
	Lymphangitis-associated rickettsioses (LAR)
	Rickettsia sibirica mongolitimonae
	Rhipicephalus bursa

Rhipicephalus pusillus

H. marginatum



	
	Lyme borreliosis (LB)
	
	Borrelia garinii

Borrelia afzelii

Borrelia lusitaneae

Borrelia valaisaina

Borrelia burgdorferi s.s
	Ixodes ricinus



	
	Anaplasmosis
	
	Anaplasma phagocytophilum
	Ixodes Ricinus *



	
	Tularemia
	
	Francisella tularensis
	Dermacentor reticulatus *



	
	Q fever
	
	Coxiella burnetii
	Hyalomma spp. *



	VIRUS [17]
	Crimean Congo hemorrhagic fever
	
	Crimean Congo hemorrhagic fever virus (CCHFV)
	Hyalomma spp. *



	PARASITES [18]
	Babesiosis
	
	Babesia microti

Babesia divergen

Babesia venatorum
	Ixodes ricinus







* These pathogens have been identified in other tick species. For example, Anaplasma phagocytophilum has been detected in Hemaphysalis concinna [19], Francisella tularensis in Ixodes ricinus [20], Coxiella burnetii in Hemaphysalis hispanica, and Rhipicephalus pusillus [21] and CCHFV in Ixodes ricinus and Dermacentor marginatus [22], among others.
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