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GENERAL ABSTRACT 
 

NEXT-GENERATION MASSIVE SEQUENCING AND THE BACTERIAL 
PROFILE OF TICKS FROM WILD AND DOMESTIC ANIMALS AND BLOOD 

OF HUMANS IN THE CHIHUAHUAN DESERT 
“TESIS DE DOCTORADO EN RECURSOS NATURALES Y MEDIO AMBIENTE EN ZÓNAS 

ÁRIDAS, Universidad Autónoma Chapingo” 
Barraza-Guerrero, Sergio I.1, Meza-Herrera, Cesar A. 2, García-De la Peña, Cristina2 

 

RESUMEN 
Las garrapatas son un tipo de artrópodo 
pertenecientes al suborden Ixodoidea, que 
parasitan a los animales domésticos y silvestres 
para alimentarse. Durante el proceso de 
patogénesis, transmiten una gran cantidad de 
enfermedades bacterianas en los vertebrados 
parasitados, algunas de éstas son zoonóticas 
como lo es la fiebre manchada de las montañas 
rocosas por Rickettsia rickettsii, los distintos tipos 
de Ehrlichiosis, Anaplasmosis granulocítica, 
fiebre Q, enfermedad de Lyme entre otras. En el 
contexto de salud pública, tanto a nivel global y 
en particular en el norte de México, existe una 
fundada preocupación debido al aumento en las 
poblaciones de perros callejeros, lo cual 
incrementa el número de vectores de dichas 
enfermedades que afectan a los hospederos 
animales como a la población que residen cerca 
de estos animales. Asimismo, este tipo de 
vectores también afectan a diversas especies 
silvestres importantes en la región bajo análisis, 
funcionando como reservorios de tick-borne 
pathogens (TBP) que pueden diseminarse a 
áreas urbanas, y además pueden afectar la salud 
de especies amenazadas como en el caso de la 
tortuga del bolsón de Mapimí (Gopherus 
flavomarginatus). El propósito del siguiente 
estudio es analizar por medio de next-generation 
sequencing (NGS) las comunidades bacterianas 
de la sangre de personas que estuvieron 
expuestas a picadura de garrapata y compararla 
con las personas no expuestas a este factor, así 
como analizar el perfil bacteriano de dos especies 
de garrapatas de la familia Ixodidae y Agarasidae 
de importancia en salud pública, ecológica y 
veterinaria en la región de la Comarca Lagunera 
y el desierto chihuahuense. 

Palabras clave: Garrapatas, zoonosis, Tick-
borne diseases, Tick-borne pathogens, picaduras 

1Tesista 2Director/Co-director 

 

ABSTRACT 
Ticks are a type of arthropod belonging to the 
Ixodoidea suborder, which parasitize domestic 
and wild animals for food. During the 
pathogenesis process, they transmit many 
bacterial diseases in parasitized vertebrates, 
some of which are zoonotic, such as Rocky 
Mountain spotted fever caused by Rickettsia 
rickettsii, different types of Ehrlichiosis, 
granulocytic anaplasmosis, Q fever, Lyme 
disease, among others. In the context of public 
health, both globally and particularly in northern 
Mexico, there is well-founded concern due to the 
increase in the population of stray dogs, which 
increases the number of vectors of these 
diseases that affect animal hosts, as well as the 
population that resides near these animals. 
Likewise, this type of vector also affects various 
important wild species in the region under 
analysis, functioning as reservoirs of tick-borne 
pathogens (TBP) that can spread to urban areas, 
and can also affect the health of threatened 
species as in the case of the Mapimí Bolson 
tortoise (Gopherus flavomarginatus). The 
purpose of the following study is to analyze by 
means of next-generation sequencing (NGS) the 
bacterial communities in the blood of people who 
were exposed to tick bites and compare it with 
people not exposed to this factor, as well as to 
analyze the bacterial profile of two species of 
ticks of the family Ixodidae and Agarasidae of 
importance in public, ecological and veterinary 
health in the Comarca Lagunera region and the 
Chihuahuan desert. 

Keywords: Ticks, zoonoses, Tick-borne 
diseases, Tick-borne pathogens, bites 
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Organisms of the suborder Ixodoidea, commonly known as ticks, are obligate 

ectoparasites whose most important families are Ixodidae and Agarasidae 

(Polanco-Echeverry & Ríos-Osorio, 2016). Members of the family Ixodidae are 

known as hard ticks (they have a chitinous shield that covers the entire back) and 

those of the family Agrasidae as soft ticks (they lack a chitinous shield). Both 

families parasitize many animals (reptiles, birds, and mammals) including 

humans, from which they need to extract blood to survive. However, the properties 

of tick saliva and the way in which they digest blood are evolutionary 

characteristics that make them exceptional disease vectors (Márquez-Jiménez et 

al., 2005). It is estimated that 10% of the approximately 900 known tick species 

are of both veterinary and public health importance (De la Fuente et al., 2017). 

One of the greatest public health concerns are diseases caused by vectors that 

affect domestic animals with which humans come into contact. Ticks are 

considered the main vector of pathogens of veterinary interest, and the second 

most important that affect humans after mosquitoes (Bonnet et al., 2017; de la 

Fuente et al., 2008). Ticks transmit diseases during the bite either through saliva, 

feces, coxal secretions or regurgitation (Betancur & Giraldo-Ríos, 2018; Márquez-

Jiménez et al., 2005).  

Ticks not only carry pathogens, but also constitute a well-defined structure of 

microbial communities that act as symbionts for them; these microorganisms are 

not only important for the biology of their hosts, but also constitute an important 

source of knowledge to understand the dynamics of transmission of pathogenic 

bacteria (Ahantarig et al., 2013; Bonnet et al., 2017). For example, the genus 

Rickettsia as a symbiont has an important role in the transmission and dynamics 

of some pathogenic strains of the Rickettsidae family (Ahantarig et al., 2013; 

Bonnet et al., 2017). Non-pathogenic tick microorganisms influence the 

abundance and diversity of tick-borne pathogenic bacteria, as well as favor 

replication and transmission of tick-borne pathogens (TBP) to vertebrate hosts 

(Bonnet et al., 2017). 
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Most of the studies to determine the bacterial microbiota have been carried out 

using conventional culture plate methods. However, most of the bacteria present 

in both arthropods and vertebrates are intracellular symbionts (endosymbionts) 

including those that are pathogenic. That is why novel molecular techniques have 

been developed to know with greater certainty the microorganisms under study. 

This is the case of next-generation massive sequencing (NGS) of the 16S rRNA 

gene, which is a technique that allows the identification of a large number of 

bacteria in a given sample by means of DNA (Couper & Swei, 2018; Frickmann 

et al., 2015; Simner et al., 2018). 

TBP that cause the well-known tick-borne diseases (TBD) have been increasing 

globally; diseases such as anaplasmosis, ehrlichiosis, Q fever, spotted fever and 

Lyme disease have gained more global attention by physicians and veterinarians 

(Dantas-Torres et al., 2012). One of the main diseases transmitted by tick bites to 

humans is Rocky Mountain Spotted Fever (RMSF), which is currently of great 

concern due to its high mortality in the Americas. In Mexico, it has been detected 

in states with an arid and semi-arid climate such as Durango, Sonora, Sinaloa, 

Baja California, and Coahuila by means of molecular techniques such as PCR 

and sequencing. During the period 2012-2014, 121 human cases of Spotted 

Fever were registered in the Comarca Lagunera (Castillo-Martínez et al., 2017), 

three cases per 100,000 inhabitants reported in Coahuila in 2014, the highest in 

Mexico in that year (Ortega-Morales et al., 2019). Disease whose main vector is 

the brown dog tick (Rhipicephalus sanguineus). The problem is of great concern 

since it has been registered not only in stray dogs, but also in dogs with owners 

(Delgado-de la Mora et al., 2019). In the same sense, it has been observed that 

in communities with an overpopulation of stray dogs, these are usually spreaders 

of Rickettsia rickettsii (Castillo-Martínez et al., 2015). In addition, the abundance 

of these arthropods in the Comarca Lagunera (Durango and Coahuila) has been 

increasing due to climatic, geographic, demographic, and sociopolitical conditions 

(Castillo-Martínez et al., 2015).  
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The determination of the microbial community of ticks is of special interest in two 

different contexts that will be addressed in this thesis; 1) due to the relevance of 

investigating the microbiota of the tick (Ornithodoros turicata), which parasitizes 

an endemic species of ecological importance in the center of the Chihuahuan 

desert (Mapimí Biosphere Reserve), such as the Bolson tortoise (Gopherus 

flavomarginatus), that according to the official Mexican norm 059, it is a species 

that is in danger of extinction. (SEMARNAT, 2010); As well as the brown dog tick 

(Rhipicephalus sanguineus) which is closely related to diseases transmitted to 

humans by close contact. 2) In another context, analyze and compare the blood 

microbiota of people who were exposed to tick bites and compare them with 

people not exposed to this factor to determine if there is a change in its 

composition. In this regard, it is necessary to mention that blood is not a sterile 

medium since it harbors microorganisms (Tao et al., 2014; Faria et al., 2015; 

Frickmann et al., 2015; Païsé et al., 2016). 

To date, there is no information on the composition of the bacterial microbiota by 

next-generation massive sequencing of the 16S rRNA ribosomal gene in ticks in 

the analyzed region; Likewise, no studies have been carried out on the bacterial 

microbiota in the blood of people who were exposed to tick bites and people who 

were not exposed, all of them apparently healthy. Therefore, this information will 

contribute to improve decision-making in the prevention of TBD, which would 

benefit the actions in epidemiological matters and specifically the health of 

animals and people living in this region.  
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There are potentially pathogenic bacteria in the bacterial composition of the ticks 

O. turicata and R. sanguineus, as well as significant differences in the blood 

bacterial profile of people exposed to tick bites regarding those not exposed 

evaluated througout Next-generation sequencing. 
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3.1 General objetive: 

• To analyze the bacterial profile of two species of ticks, as well as from 

people exposed and not exposed to tick bites in the Chihuahuan desert 

and the Comarca Lagunera. 

 

 

3.2 Specific objectives: 

• To analyze the bacterial profile of the parasitic soft tick (Ornithodoros 

turicata) in the Chihuahuan desert using Next-Generation sequencing.  

• To analyze the bacterial profile of the parasitic hard tick (Riphicephalus 

sanguineus) in the Comarca Lagunera by using Next-Generation 

sequencing.  

• To analyze and compare the blood bacterial profile of people exposed and 

not exposed to tick bites in the Chihuahuan Desert and the Comarca 

Lagunera.  
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4.1 Definition of arthropods 

The word "arthropod" comes from the Greek arthron, "joint" and podos, "foot" or 

"leg", which together mean "jointed leg". Arthropods are invertebrates of the 

Arthropoda phylum that are bilaterally symmetrical, characterized in turn by 

having segmented bodies, external skeletons (exoskeleton), composed of chitin 

and other elements, as well as articulated appendages. Arthropods mainly 

comprise ectoparasites from a parasitological point of view (Duvallet et al., 2018; 

Mehlhorn, 2016). 

The Arthropoda phylum approximately five and two million described species, 

representing more than 80% of all animal species on the planet. However, 

estimates indicate that there are between 5 and 10 million species of arthropods 

(ØDegaard, 2000).  

Blood-sucking arthropods comprise two main groups: 1) ticks (Ixodida) and 2) 

insects, which include bugs (Hemiptera), flies (Diptera), lice (Phthiraptera), and 

fleas (Siphonaptera) (Verwoerd, 2015). More than 16,000 blood-sucking species 

are known, of which about 500 are associated with the transmission of pathogens 

(Duarte, 2013).  

4.2 The Acari 

Mites are part of the arachnids, they contain mites and ticks, structurally they can 

be differentiated from insects because they do not have wings or antennae, when 

they are larvae, they have three pairs of legs, and in the nymph and adult stage 

they have 4 pairs of legs. They are made up of the head, thorax and abdomen 

and these are fused into a single part called the idiosome (Fig. 1B). They have a 

hypostome and two chelicerae to cross the integument of the hosts, as well as 

two pedipalps that do not go through the skin but do fuse with the cement to 

adhere strongly to the host, in addition to being sensory structures and allow it to 

detect the animal they will parasitize. Ticks feed on a wide variety of vertebrate 
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animals and are mainly divided into two families: Agarasidae or soft ticks and 

Ixodidae or hard ticks (Duvallet et al., 2018). 

 

Figure 1. Structural differences between insecta and acari. (A) Mosquito of 
culicinae female on a dorsal view. H, halter; MP, maxillary palp; P, proboscis. (B) 
Hard tick (Dermacentor sp.) from a ventral view. A, anus; C, coxa; GO, genital 
opening; PP, pedipalps; S, stigma. Adapted from Duvallet et al. (2018). 

 

4.3 Vector definition 

The term "vector" has been applied in different epidemiological scenarios, which 

is difficult to define. It can be defined as living organisms that can transmit 

infectious diseases from human to human or from animals to humans and vice 

versa. In many cases, these are hematophagous arthropods that ingest the 

microorganisms during the blood meal of an infected host and later transmit them 

to a susceptible being during the following blood meal. Among these are 

mosquitoes, ticks, flies, fleas, freshwater snails and sandflies (WHO, 2014). To 

adequately define vectors, ecological, evolutionary, and public health 

perspectives must be considered. Although the term vector is generally and 

universally applied to hematophagous arthropods as described above, it has also 

been attributed to animals of other taxonomic classifications (Klimpel & Mehlhorn, 

2016; Leonard, 2014; Mühldorfer & health, 2013; Pinaud et al., 2016). Therefore, 

another broader definition of a vector that can also be used would be any 
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vertebrate or invertebrate organism that is capable of serving as a carrier and 

transmitter of pathogens between organisms of different species (Kuno & Chang, 

2005), including those that only transport the agent mechanically. Even other 

authors expand the definition including inanimate objects or fomites as vectors of 

infectious agents and transfer it to hosts such as syringes (Gibson et al., 2001). 

In this context the definition of a vector will depend on the epidemiological, 

ecological, biological and evolutionary perspective, the use of a single definition 

can lead to the risk of excessive simplification since there may be different 

appropriate definitions (Wilson et al., 2017). 

4.4 Ectoparasites  

Ectoparasites are distributed in all ecosystems on the planet, often cause harm to 

humans and animals, and are generally difficult to eradicate completely; therefore 

it is a question of controlling them with insecticides and endectocides (Wall & 

Shearer, 2008). They are organisms that inhabit the skin of humans, domestic 

and wild animals, as well as laboratory animals, fish, birds and insects (Hopla et 

al., 1994). These arthropods constitute a very diverse and highly specialized 

group with the ability to survive on their host (Aldemir, 2007). 

Ectoparasites present a wide variety of associations with their hosts: some are 

obligate or facultative, permanent or intermittent, and they can also occur 

superficially or subcutaneously. In addition, they can parasitize many domestic 

and wild animals. Among the parasitic arthropods are mites, ticks, lice and fleas, 

which, depending on the degree of infestation and the immune status of the 

animal, can cause dermatological problems (González et al., 2004). Damage 

associated with the feeding process of ticks ranges from primary and significant 

loss of blood fluid, inflammation, and direct damage to the skin and other 

subcutaneous tissues. Presenting signs of excoriation, pruritus, erythema, 

papules, desquamation and autotrauma associated with the above (Wall & 

Shearer, 2008).  
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In addition to all the previous lesions, ticks are transmitters of pathogenic 

organisms such as bacteria, viruses, and protozoa mainly. These infectious 

agents, in addition to the associated disease, can also indirectly cause 

disturbances in their hosts; increased stress, especially due to the itching they 

cause, decreased reproductive activity, decreased food consumption, among 

other secondary problems (González et al., 2004).  

4.5 Ticks 

Obenchain and Galun (2013) cited an Egyptian papyrus from 1550 BC. where 

tick-borne fever is mentioned. Sometime later, Hoogstraal (1972), who is probably 

the most prolific researcher of the 20th century on the subject of ticks, cited Homer 

writing about ticks and their diseases in the year 800 BC. Later, Cato, Aristotle 

and Pliny referred to ticks as undesirable parasites (Anderson, 2002). However, 

it was not until 1893 that the ability of ticks to induce disease was published. His 

research determined that ticks of the species Boophilus annulatus were capable 

of transmitting Babesia bigemina and causing Texas cattle fever, was a landmark 

scientific discovery that demonstrated how parasitic arthropods could transmit 

and transport infectious organisms (Smith & Kilborne, 1893). 

Ticks are a highly specialized group of ectoparasitic arthropods, obligate 

nonpermanent bloodsuckers that feed on large numbers of vertebrate hosts in 

most regions of the earth (Sonenshine & Roe, 2013). Regarding human health, 

mosquitoes are the arthropods that transmit the most pathogens to humans, 

followed by ticks. However, in veterinary medicine, the most important 

ectoparasites are ticks because they are the ones that most transmit pathogens 

to domestic and wild animals (Sonenshine & Roe, 2013). Ticks are classified into 

two main families Ixodidae (hard ticks) and Agarasidae (soft ticks). In addition to 

a third family, Nuttaliellidae, exclusive to Africa and only contains a single species. 

There is a worldwide record of 840 - 860 species (Table 1). The Ixodidae, with a 

sclerotized dorsal shield, is considered the most important and largest family, 

comprising 670 species. The Ixodidae family is divided into Prostriata, 

represented by a genus Ixodes and 244 species, and Meta striata, represented 
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by 459 species in 14 genera (Guglielmone et al., 2010; Nicholson et al., 2019). 

The Agarasidae family, has a soft and flexible exoskeleton, and has around 167 

known species with 4 genera. All species of both families have four stages in their 

life cycle, egg, larva, nymph and adult (Anderson, 2002). 

Table 1. Known genera of the three families of ticks and number of described 
species 

 

In Mexico there are only 100 described species, of which 68 correspond to the 

Ixodidae family and 32 to the Argasidae family (Guzmán-Cornejo & Robbins, 

2010). In the state of Durango, in the political region called Comarca Lagunera, 

the genera Dermacentor (2 species), Rhipicephalus (2) and Haemaphysalis (1) 

corresponding to the Ixodidae family were reported; also the genera Ornithodoros 

(3 species), Otobius (1) and Argas (1) of the family Argasidae (Castillo-Martínez 

et al., 2016; Hoffmann, 1962). 

Ticks are considered interesting organisms not only because of the pathogens 

they transmit, many of which are widely known and some of which are extremely 

Family Genus Known species 
Ixodidae  Ixodes 

Amblyomma  
Aponomma  

Haemaphysalis  
Hyalomma  

Dermacentor  
Cosmiomma  
Nosomma  

Rhipicephalus  
Anomalohimalaya  

Rhipicentor  
Boophilus  

Margaropus 

245 
102 
24 

155 
30 
30 
1 
1 
70 
3 
2 
5 
3 

Agarasidae Argas  
Ornithodoros  

Otobius  
Antricola  

Nothoaspis 

56 
100 
2 
8 
1 

Nutalliellidae Nuttalliella 1 
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rare (Mutz, 2009). They can have direct effects on the productive capacity and 

reproductive efficiency of some companion animals, particularly when infestations 

are significant, a situation that worsens in tropical regions (González, 2018). 

Ticks, being the most efficient vectors towards animals, can transmit different 

types of organisms (protozoa, rickettsiae, spirochaetes and viruses); many of 

these microparasites are widespread and of considerable medical and veterinary 

interest. It is estimated that about 10% of the 867 known tick species acts as 

vectors of pathogens in domestic and wild animals and humans. Furthermore, 

ticks are capable of producing severe toxic conditions such as paralysis and 

toxicosis, as well as hypersensitivity and irritation, some of these deadly 

(Jongejan & Uilenberg, 2004). Tick-borne infectious agents have coevolved with 

different wild hosts around the world in a state of equilibrium. Due to this, the 

export and import of domestic animals to different endemic areas of TBD have 

contributed to the spread of diseases in regions where they did not exist before 

(Jongejan & Uilenberg, 2004). In addition to the economic implications for 

livestock, the impact they generate on public health is important, especially in the 

northern hemisphere, mainly due to Lyme borreliosis (LB) and other tick-borne 

zoonotic diseases such as those of viral origin characterized by encephalitis and 

hemorrhagic fevers such as RMSF, causing the greatest morbidity and mortality 

in humans (Jongejan & Uilenberg, 2004). Thus, understanding the links between 

host biodiversity and pathogen transmission are therefore essential for predicting 

tick population dynamics and the epidemiology of tick-borne diseases (McCoy et 

al., 2013). 

4.7 Biology of ticks and feeding 

Ticks are non-permanent blood-sucking arthropods that feed on mammals, 

reptiles, birds, and amphibians throughout the world (Keirans & Durden, 2005). 

Ticks are distributed in practically all latitudes but are much more common in the 

tropics and subtropics (Balashov, 1972). Regarding the moult and its 

reproduction, they are determined by the ingestion of blood, by the temperature 

and the length of the day; females are capable of laying thousands of eggs 
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(Anderson & Magnarelli, 2008). Morphologically, on the outside they are 

composed of the capitulum, the body and the legs, and an essential organ to 

adhere to the skin called the hypostome and it is also vital for feeding  (Balashov, 

1972).  

Blood-based feeding is essential for the development and reproduction of the 

ectoparasite. Eating involves a series of behavioral events beginning with hunger 

and ending with satiety (Waladde & Rice, 1982). Through this mechanism, the 

tick can become coinfected with a series of pathogens and subsequently inoculate 

them into another susceptible host (Anderson & Magnarelli, 2008). The essential 

steps for successful feeding are as follows (Anderson, 2002; Anderson & 

Magnarelli, 2008): 

1. Appetite (hunt or seek a host) 

2. Attachment (adherence to the skin or fur of the host) 

3. Exploration (search on the skin for a suitable insertion site) 

4. Penetration (insertion of the mouthparts into the epidermis and dermis of the 

host) 

5. Attachment (established feeding place)  

6. Ingestion (absorption of blood and other fluids) 

7. Engorgement (partial or complete meals of drawn blood) 

8. Detachment (removal of mouthparts) 

9. Disengagement (the tick falls off the host) 

Hard ticks generally search for their hosts and with the help of their tarsal claws 

they attach themselves. Once in the preferred site of the species, they cut the 

epidermis and dermis by means of the chelicerae, and this allows the hypostome 

to be inserted. The hypostome adheres strongly to the cement secreted in the 
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saliva or to the tissues of the host. Blood, hemolymph, or tissue fluids pass 

through the alimentary canal, which is made up of the ventral part of the chelicerae 

and the dorsal part of the hyopostome, when sucking blood, they also inject saliva 

at intervals. Saliva flows from the dorsally located salivarium and host materials 

are swallowed through the opening into the ventrally located pharynx. This is the 

reason why various pathogens are inoculated into the host system (Anderson, 

2002).  

The feeding process of the tick favors the dispersal of the organisms to different 

regions. An example is the case of Ixodes scapularis that generally feeds on birds 

and can migrate several kilometers while feeding. Some can even be transported 

from one continent to another by the migration of birds. Tick appetite-generating 

stimuli include odor, shadow, vibration, and visual appearance. In some species, 

the eyes are located on the flanks or submarginal areas of the shield. However, 

many species lack eyes, so they resort to other sensory stimuli such as touch, 

radiant temperatures, and the aforementioned stimuli. They also have hair-like 

projections (setae) on the palps or other parts of the body that facilitate tactile 

sensation, these favor the selection of the feeding site on the host's skin, which 

are generally protected places and difficult to access for the host (Anderson & 

Magnarelli, 2008). 

4.8 Vectorial competence of the ticks 

There are two terms widely used in the epidemiology of zoonotic diseases 

transmitted by arthropods that, although they can be used interchangeably to refer 

to the ability of an arthropod to act as a transmitter of diseases, are terms that 

respond to two different conditions; “vectorial capacity” generally it is a way of 

referring to the capacity of an arthropod as a vector of infectious agents. However, 

from an environmental and behavioral point of view they affect some variables 

such as longevity and density. On the other hand, "vectorial competence" this 

refers to the ability of a vector to transmit pathogens related to genetic factors 

(Beerntsen et al., 2000, Box 1). These genetic factors determine aspects such as 

the preference of the tick for a specific host, the duration of the blood meal, the 
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interactions tick-host-pathogen and the microbiome with the pathogen, as well as 

the susceptibility of the tick to infection by pathogens (Narasimhan et al., 2014; 

Rynkiewicz et al., 2015; Vayssier-Taussat et al., 2015). 

4.9 Soft ticks  

Agarasid ticks also known as soft ticks differ from ixodid or hard ticks in several 

characteristics involving biology, structure or morphology, and ecological issues. 

The most relevant difference is that they lack a chitinous dorsal shield both in their 

nymphal and adult stages and in terms of a relevant ecological aspect that 

differentiates them is their nidicolous to endophilous lifestyle (Pospelova-Shtrom, 

1969).  

These ticks generally remain outside the focus of study and research, and their 

vectorial capacity and their importance in human and animal health are often 

unknown. This is mainly because they are highly specialized to certain 

microhabitats and generally live close to their host. And on the other hand is the 

repeated intake of blood meals during each life cycle and these occur quickly so 

it is difficult to find it in the hosts (Hoogstraal, 1985). Despite this, it is known that 

it can cause irritation, allergies, anemia, paralysis, toxicosis and different diseases 

due to the inoculation of pathogenic agents to its hosts during feeding (Jongejan 

& Uilenberg, 2004; Vial, 2009). 

There are 193 described species within the genera Argas, Antricola, Carios, 

Nothoaspis, Ornithodoros and Otobius, and they are abundant in arid and semi-arid 

habitats (Brites-Neto et al., 2015). The main genera of soft ticks with public and 

veterinary health importance are Argas, Otobius and Ornithodoros. The nymphs 

are always parasitic, while the larvae and adults are generally parasitic. However, 

they return to their shelter after feeding for a short period of time. The genus Argas 

is an exception since it can feed for days on the birds it parasitizes, as well as the 

larvae and nymphs of Otobius which feed for long periods of time in the external 

auditory canals of their hosts (Jongejan & Uilenberg, 2004). 
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Soft ticks have several nymphal stages. Adults usually mate on the host; the 

female feeds several times and oviposits a small number of eggs after each meal 

in the environment (Jongejan & Uilenberg, 2004). The fundamental result of their 

biological adaptations is their unusual feeding abilities and their life cycle, which 

occurs for example with the subfamilies Argasinae and Ornithodorinae, and at the 

same time with the Otobinae, Antricolinae and Nothoaspinae in structural terms. 

All with the result of a uniform and fundamental adaptation within the species of 

the agarasids (Hoogstraal, 1985). 

4.10 Hard ticks 

This family comprises the ticks known as Ixodidae; the name being attributed to 

the anterodorsal plate better known as the chitinous shield. There is marked 

sexual dimorphism, and the trailing edge of the opisthosoma can be divided into 

sclerotic structures called festoons. They feed on blood and can parasitize various 

hosts. They present free-living stages in the environment. Its size varies from 2-

20 mm (Brites-Neto et al., 2015). The life cycle of the Ixodidae family depends on 

the number of hosts that need to parasitize and can be from one to three host 

species. Feeding until engorged from its immature stages and moving on to its 

later stages in the life cycle. Ticks on a single host molt twice on the same animal 

from larva to nymph and from nymph to adult, In the case of those with two hosts, 

they moult only once on a host from larva to nymph, later it is engorged and 

detaches from the host, moults in the external environment and the resulting adult 

looks for a new host and this may or may not be from the same species that 

previously parasitized and finally the ticks of three hosts, these do not moult on 

the host, the engorged larva detaches and molts in the external environment, 

looks for a second animal to parasitize and engorges and detaches again until it 

moults to its adult stage and finds a third host (Jongejan & Uilenberg, 2004). The 

adult ixodidae mate on the host, the female feeds, engorges and detaches, once 

in the external environment it oviposits a large number of eggs and finally dies, 

on the contrary, the male can last attached to the host for months feeding. Ticks 
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with three hosts lay the most eggs on average, however they are the most at risk 

since they have to find three hosts (Jongejan & Uilenberg, 2004). 

4.11 Rhipicephalus sanguineus 

The genus Rhipicephalus comprises 84 described species. They are small to 

medium-sized ticks with eyes and festoons, and short, broad palps. Among 

arthropod parasites of dogs and humans, the brown dog tick Rhipicephalus 

sanguineus (Latreille, 1806) is an effective vector of a diverse group of pathogens 

(Dantas-Torres et al., 2012) (Fig. 2). Most Rhipicephalus spp. parasitize 

mammals in Africa. They are usually three-host ticks. Taxonomic identification of 

ticks of the rhipicephalid group can cause difficulties (Jongejan & Uilenberg, 

2004). They are recognized by the hexagonal shape of the base of the capitulum 

when viewed dorsally. Important species in the genus include the brown dog tick 

(R. sanguineus) and the brown ear tick (R. appendiculatus). Rhipicephalus ticks 

are generally found in their adult state parasitizing mammals. Rhipicephalus 

sanguineus has a cosmopolitan distribution, two main lineages are recognized, 

the tropical and the temperate. Morphological and molecular analyzes revealed 

the existence of at least four OTUs (i.e., R. sanguineus sensu lato, Rhipicephalus 

sp. I, II and III) under the name “R. sanguineus” or also known as the R. 

sanguineus group (Dantas-Torres et al., 2013).  

The brown dog tick is the tick with the largest geographical distribution in the world 

and is responsible for transmitting a large number of pathogens to both dogs and 

humans. The most common host is the dog, both in urban and rural areas. 

However, it is completely adapted to living in human dwellings and is active 

throughout the year in tropical, subtropical, temperate and even arid regions 

(Dantas-Torres, 2010). Different investigations determined that the feeding 

process of the tick is favored by high temperatures. This suggests that the risk of 

parasitism in humans may be greater in areas with warm temperatures and long, 

hot summers, and consequently the risk of contracting TBD.(e.g., Rickettsia 

conorii, Rickettsia rickettsii, Coxiella Burnetii and Ehrlichia canis) (Dantas-Torres, 

2010). 
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From a behavioral or ethological perspective, it can be said that the R. sanguineus 

tick is a monotropic species or that it feeds on the same species in all its life cycles 

and on three hosts, since at each stage of its cycle it requires a new host which it 

parasitizes and is also considered an endophilic tick since it is adapted to living 

indoors. However, the tick can also live outdoors, especially if there are shelters 

to do so (tree bark, walls with cracks or limestone). A relevant aspect is that, 

although it is considered monotropic and will generally parasitize dogs during their 

life cycles, it can occasionally parasitize humans as accidental hosts since they 

do not belong to their natural trophic chain (Dantas-Torres, 2010).                          

                                                 

Figure 2. Rhipicephalus sanguineus. A: larva (mounted in Hoyer's medium; 
bar = 400 μm). B: nymph (mounted in Hoyer's medium; bar = 0.5 mm). C: female 
(bar = 1mm). D: male (bar = 1mm). Figure taken from Dantas-Torres (2010). 

 

4.12 Ornithodoros turicata 

The genus Ornithodoros is characterized morphologically mainly by its rounded 

body shape, the nymphs and adults have a leathery cuticle with innumerable 

wrinkles and small bumps (mamillas); they lack a lateral suture as in other 
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species. These differ from the Argas because they are more numerous and 

shorter (Nicholson et al., 2019). This genus has a worldwide distribution and is 

favored by the different hosts that it parasitizes and range from birds, reptiles and 

mammals (Nicholson et al., 2019). The genus Ornithodoros are globally 

distributed and five species have been described in the US: Ornithodoros 

coriaceus, O. hermsi, O. parkeri, O. turicata and O. talaje; while O. turicata is 

distributed in the arid regions of the southern United States and in Latin America 

(northern Mexico) (Barraza-Guerrero et al., 2020; Donaldson et al., 2016; Dworkin 

et al., 2002). In 1876 it was described for the first time in Guanajuato, Mexico 

(Dugés, 1876).  

O. turicata ticks have relevance for both veterinary and human medicine 

(Manzano-Román et al., 2012), among the most important infectious agents 

transmitted by this tick are the spirochetes that cause relapsing fever borreliosis 

(Anderson et al., 1990). In addition O. turicata, O. coriaceus and O. parkerise 

have been experimentally infected with the African swine fever virus (ASFV) 

(Hess et al., 1987). This virus represents a global alarm for the livestock industry 

(Costard et al., 2009). 

Talking about its ethology and feeding, O. turicata is an arthropod with nocturnal 

and nidicolous habits (Balashov, 1967). They usually fill with blood in about an 

hour, and it is rare to find them adhered to the hosts (Zheng et al., 2015). Although 

they can be found in peridomestic sites, their preferred habitat is generally 

burrows, nests, and caves (Milstrey, 1987). An important aspect of the feeding 

habits of O. turicata is that they are promiscuous in their choice of hosts, and can 

parasitize mammals such as prairie dogs (Cynomys spp.), ground squirrels 

(Spermophilus spp.), cattle, pigs, reptiles such as snakes and tortoises (Gopherus 

polyphemus and Gopherus flavomarginatus) (Cooley, 1944; Milstrey, 1987). 

Additionally, O. turicata has been reported feeding on canines and humans (Davis 

et al., 2002; Rawlings, 1995). 

In short, a characteristic of O. turicata that allows it to be a vector of different 

pathogens is its life cycle, this tick can have up to six nymphal stages and survive 
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unusual periods of time between meals (Beck et al., 1986). The longevity of ticks 

is quite high, being able to live up to 10 years and even five years between one 

meal and another (Cooley, 1944; Davis, 1941; Francis, 1938). These long periods 

of starvation have also been observed in nature (Butler et al., 1984). Ticks feed 

and reproduce multiple times throughout their lives. Understanding their longevity 

and resistance allows us to understand ecological factors and how they affect the 

distribution and vector competition and consequently the control of these potential 

ectoparasites for humans (Donaldson et al., 2016). 

4.13 Tick bites 

Ticks have to bite their host to feed, since with the help of some chelicerae located 

in an extension called hypostome, ticks can go through the skin of the host until 

they find capillaries or blood vessels or hemolymph to feed; they often do this 

inadvertently because saliva naturally contains anesthetics and antihistamines 

and inflammatory lesions are usually not seen (Mutz, 2009). However, tick bites 

can cause papules, small ulcers or scabs, if they become complicated, although 

it is rare, a condition called "tick bite granuloma" may occur (Mutz, 2009). Lesions 

may also have secondary infections. There is also the possibility of developing 

hypersensitivity reactions derived from the tick's secretions and excretions as they 

feed on the host (Van den Broek et al., 2003). Ticks must be removed promptly 

without crushing them, as this could inoculate infectious agents into the circulatory 

system. If a tick is not detected, it could be a problem after 24 hours for the 

transmission of agents such as Borrelia burgdorferi, Rickettsia conorii or Babesia, 

to name a few examples (Mutz, 2009). 

4.14 Ticks as transmitters of diseases 

Vector-borne pathogens are of serious public and veterinary health importance 

(Kuleš et al., 2017). Emerging diseases are alarming worldwide, where the 

appearance of 30 new pathogens has been detected in the last three decades, of 

which 60% are of zoonotic origin and it is estimated that a third of these agents 

come from wildlife (Dikid et al., 2013). The concept of emerging disease refers to 

the appearance of an infectious agent that has generally been recently identified 
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and, above all, its ability to cause disease was unknown. Regarding re-emerging 

diseases, they are caused by infectious agents previously identified and whose 

pathogenic capacity is known, and this re-enters a human or animal population 

where it was no longer found, or where its epidemiology or susceptibility to 

antimicrobial drugs has changed (Heymann, 2009). 

TBP is estimated to cause approximately 100,000 cases of human disease 

worldwide (Bonnet et al., 2017). The tick-pathogen interface is mainly mediated 

by molecular mechanisms that allow the processes of infection, development and 

the pathogenesis of PTBs. These mechanisms involve general evolutionary traits 

and other particular ones of each species, both of the ticks and their agents. The 

characterization based on molecular technologies has been able to clarify some 

questions about this tick-pathogen interface, providing new avenues for the 

development of control strategies and mitigation of parasitosis and TBD. These 

advances in molecular biology have been able to identify potentially pathogenic 

organisms never before studied, as well as their functional genes of these and 

their blood-feeding invertebrate hosts (de la Fuente et al., 2008). Below is a list 

modified from the table presented by de la Fuente et al. (2008) where only 

bacterial TBPs are included. It should be noted that it is based on studies carried 

out by molecular methods for the identification of pathogens. 

Table 2. Description of tick-borne pathogens, vectors, geographical 
distribution, and host species affected. Modified table from de la Fuente et al. 
(2008). 

Pathogen Disease Tick vectors 
Geographical 

distribution 

Host 

species 

affected 

References 

Genus Aegyptianella 

A. pullorum Aegyptianellosis 

Argas walkerae, 

A. persicus, A. 

reflexus 

Africa, southern 

Europe, Middle 

Asia, Indian 

subcontinent 

Domestic 

poultry 

(Hoogstraal, 

1985; Jongejan 

& Uilenberg, 

2004) 

Genus Rickettsia 

R. rickettsii 
Rocky Mountain 

spotted fever 

Dermacentor 

andersoni, D. 

variabilis, 

Amblyomma 

cajennense, A. 

Americas 
Human, 

dog 

(Merino et al., 

2020; Parola et 

al., 2005b; 

Parola & 

Raoult, 2001) 
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aureolatum, 

Rhipicephalus 

sanguineus 

R. amblyommii 

Spotted fever 

rickettsiae group; no 

disease name 

Amblyomma 

americanum, A. 

neumanni, A. 

cajennense, A. 

coelebs 

Americas Human 

(Billeter et al., 

2007; Labruna 

et al., 2007a; 

Labruna et al., 

2007b) 

R. conorii 

conorii 

Mediterranean spotted 

fever 

Rhipicephalus 

sanguineus 

Europe, Africa, 

Asia 

Human, 

dog 

(Parola et al., 

2005a; Parola 

et al., 2005b; 

Parola & 

Raoult, 2001) 

R. conorii 

israelensis 
Israeli spotted fever 

Rhipicephalus 

sanguineus 
Israel Human 

(Mutai et al., 

2013; Parola et 

al., 2005a; 

Parola et al., 

2005b) 

R. conorii caspia Astrakhan fever 

Rhipicephalus 

sanguineus, R. 

pumilio 

Africa, Asia Human 

(Parola et al., 

2005a; Parola 

et al., 2005b) 

R. conorii indica Indian tick typhus 
Rhipicephalus 

sanguineus 
India Human 

(Parola & 

Raoult, 2006) 

R. sibirica 

sibirica 

Siberian or North 

Asian tick typhus 

Dermacentor 

nuttalli, D. 

marginatus, D. 

silvarum, D. 

sinicus, 

Haemaphysalis 

concinna 

Asia Human 

(Parola et al., 

2005a; Parola 

et al., 2005b; 

Parola & 

Raoult, 2001) 

R. sibirica 

mongolotimonae 
Unnamed 

Hyalomma 

asiaticum, H. 

truncatum, H. 

anatolicum 

excavatum 

Africa, China, 

France 
Human 

(Parola et al., 

2005a; Parola 

et al., 2005b; 

Parola & 

Raoult, 2001) 

R. australis Queensland tick typhus 
Ixodes holocyclus, 

I. tasmani 
Australia Human 

(Parola et al., 

2005a; Parola 

et al., 2005b; 

Parola & 

Raoult, 2001) 

R. japonica 
Oriental or Japanese 

spotted fever 

Ixodes ovatus, 

Dermacentor 

taiwanensis, 

Haemaphysalis 

longicornis, H. 

flava 

Japan Human 

(Parola et al., 

2005a; Parola 

et al., 2005b; 

Parola & 

Raoult, 2001) 

R. africae African tick-bite fever 

Amblyomma 

hebraeum, A. 

variegatum 

Africa, Reunion 

Island, West 

Indies 

Human 

(Parola et al., 

2005a; Parola 

et al., 2005b; 

Parola & 

Raoult, 2001) 

R. honei 
Flinders island spotted 

fever 

Bothriocroton 

hydrosauri, 

Amblyomma 

cajennense, 

Ixodes granulatus 

Australia, USA, 

Thailand 
Human 

(Parola et al., 

2005a; Parola 

et al., 2005b; 

Parola & 

Raoult, 2001) 
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R. slovaca TIBOLA, DEBONEL 

Dermacentor 

marginatus, D. 

reticulatus 

Europe, Asia Human 

(Parola et al., 

2005a; Parola 

et al., 2005b; 

Parola & 

Raoult, 2001) 

R. helvetica 
Pathogenicitysuspected 

in humans 
Ixodes ricinus Europe Human 

(Fournier et al., 

2004) 

R. 

heilongjiangensis 
Unnamed 

Dermacentor 

silvarum 
China Human 

(Parola & 

Raoult, 2006) 

R. aeschlimannii Unnamed 

Hyalomma 

marginatum 

marginatum, H. 

m. rufipes, 

Rhipicephalus 

appendiculatus 

Europe, Africa Human 

(Parola et al., 

2005a; Parola 

et al., 2005b; 

Parola & 

Raoult, 2001) 

R. parkeri Unnamed 

Amblyomma. 

maculatum, A. 

triste, A. 

dubitatum 

USA, Mexico, 

Uruguay, Brazil 
Human 

(Delgado-de la 

Mora et al., 

2019; Parola et 

al., 2005b; 

Parola & 

Raoult, 2006; 

Silveira et al., 

2007) 

R. massiliae Unnamed 

Rhipicephalus 

sanguineus, R. 

turanicus, R. 

muhsamae, R. 

lunulatus, R. 

sulcatus 

Europe, Asia, 

Argentina, USA 
Human 

(Cicuttin et al., 

2004; 

Eremeeva 

Marina et al., 

2006; Parola et 

al., 2005b; 

Vitale et al., 

2006) 

R. marmionii 
Australian spotted 

fever 

Haemaphysalis 

novaeguineae, 

Ixodes holocyclus 

Australia Human 

(Parola et al., 

2005b; Parola 

& Raoult, 

2006) 

R. monacensis Unnamed Ixodes ricinus Europe, Africa Human 

(Jado et al., 

2007; Lauzi et 

al., 2016; 

Parola et al., 

2005b) 

Genus Ehrlichia 

E. chaffeensis 
Human monocytic 

ehrlichiosis 

Amblyomma 

americanum, 

Dermacentor 

variabilis 

USA 

Human 

and 

various 

mammals 

(Heitman et al., 

2016; Parola et 

al., 2005a; 

Shaw et al., 

2001) 

E. ewingii 

Canine granulocytic 

ehrlichiosis, Human 

ehrlichiosis 

Amblyomma 

americanum 
USA 

Human, 

dogs 

(Heitman et al., 

2016; Parola & 

Raoult, 2001; 

Shaw et al., 

2001) 

E. ruminantium 
Heartwater, 

Cowdriosis 

Amblyomma 

hebraeum, A. 

astrion, A. 

cohaerens, A. 

gemma, A. 

Africa, 

Caribbean 

Mainly 

cattle 

(Jongejan & 

Uilenberg, 

2004; Walker 

& Olwage, 

1987) 
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marmoreum, A. 

lepidum, A. 

pomposum, A. 

variegatum, A. 

americanum 

E. canis Canine ehrlichiosis 
Rhipicephalus 

sanguineus 

Southern USA, 

southern Europe, 

Mexico, Africa, 

Middle East, 

eastern Asia, 

Australia 

Dogs 

(Bezerra-

Santos et al., 

2021; Neave et 

al., 2022; 

Ojeda-Chi et 

al., 2019b; 

Shaw et al., 

2001) 

Genera Anaplasma, Francisella and Coxiella 

Anaplasma 

phagocytophilum 

Human granulocytic 

anaplasmosis 

Ixodes scapularis, 

I. pacificus, I. 

ricinus, I. 

hexagonus 

USA, Europe 

Human 

and 

various 

mammals 

(Ebani, 2019; 

Estrada-Peña 

& Jongejan, 

1999; Parola et 

al., 2005a) 

A. marginale Bovine Anaplasmosis Various Worldwide Cattle 

(Ashford, 

2001; Vieira et 

al., 2019) 

A. centrale Bovine Anaplasmosis Various Worldwide Cattle 

(Ashford, 

2001; Cabezas-

Cruz et al., 

2019; 

Livanova et al., 

2018) 

A. ovis Ovine Anaplasmosis Various Worldwide Sheep 

(Ashford, 

2001; Cabezas-

Cruz et al., 

2019) 

A. platys Canine ehrlichiosis 
Rhipicephalus 

sanguineus 
Worldwide Dog 

(Aguirre et al., 

2006; Aragón-

López et al., 

2021; Lara et 

al., 2020) 

F. tularensis Tularemia Various Eurasia, Nearctic 

Human 

and 

various 

mammals 

(Parola & 

Raoult, 2001) 

C. burnetii Q. fever Various Worldwide 

Human 

and 

various 

mammals 

(Körner et al., 

2021; Parola & 

Raoult, 2001) 

Genus Borrelia 

B. burgdorferi Lyme disease 

Ixodes pacificus, 

I. persulcatus, I. 

ricinus, I. 

scapularis 

USA, Mexico, 

Canada, Europe, 

Asia, northern 

Africa 

Human 

(Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001; 

Solís-

Hernández et 

al., 2018) 

B. garinii Lyme disease 

Ixodes 

persulcatus, I. 

ricinus 

Europe, Asia, 

northern Africa 
Human 

(Estrada-Peña 

& Jongejan, 

1999) 
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B. afzelii Lyme disease 

Ixodes 

persulcatus, I. 

ricinus 

Europe, Asia, 

northern Human 

(Estrada-Peña 

& Jongejan, 

1999) Africa 

B. valaisiana Lyme disease Ixodes ricinus Europe, Asia Human 

(Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 

B. lusitaniae - Ixodes ricinus Europe - 

(Estrada-Peña 

& Jongejan, 

1999) 

B. spielmani Lyme disease Ixodes ricinus Europe - 
(Richter et al., 

2004) 

B. japonica Lyme disease Ixodes ovatus Japan Human 

(Estrada-Peña 

& Jongejan, 

1999) 

B. lonestari - 
Amblyomma 

americanum 
USA Human 

(Varela Andrea 

et al., 2004) 

B. theileri Bovine borreliosis 

Boophilus spp., 

Rhipicephulus 

evertsi 

Africa, Central 

and South 

America, 

Australia 

Cattle 

(Barbour & 

Hayes, 1986; 

Brinkmann et 

al., 2019) 

B. turcica - 
Hyalomma 

aegyptium 
Parts of Turkey - 

(Güner et al., 

2004) 

B. miyamotoi - 
Ixodes 

persulcatus 
Asia - 

(FUKUNAGA 

et al., 1995) 

B. hermsii 
New World tick  borne 

relapsing fever 

Ornithodoros 

hermsi 
USA, Canada - 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 

B. turicatae 
New World tick borne 

relapsing fever 

Ornithodoros 

turicata 
USA, Mexico Human 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; 

Krishnavajhala 

et al., 2018; 

Parola & 

Raoult, 2001) 

B. parkeri 
New World tick borne 

relapsing fever 

Ornithodoros 

parkeri 
USA, Mexico Human 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 

B. mazzottii 
New World tick borne 

relapsing fever 

Ornithodoros 

talaje 
USA, Mexico - 

(Barbour & 

Hayes, 1986; 

Parola et al., 

1999) 

B. venezuelensis 
New World tick borne 

relapsing fever 

Ornithodoros 

rudis 

Central and 

South America 
Human 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 
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B. duttonii 
Old World tick borne 

relapsing fever 

Ornithodoros 

moubata 
Africa Human 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 

B. crocidurae 
Old World tick borne 

relapsing fever 

Ornithodoros 

erraticus 
Europe, Africa Human 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 

B. persica 
Old World tick borne 

relapsing fever 

Ornithodoros 

tholozani 
Asia Human 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 

B. hispanica 
Old World tick borne 

relapsing fever 

Ornithodoros 

erraticus 
Spain, Portugal Human 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 

B. latyschevii 
Old World tick borne 

relapsing fever 

Ornithodoros 

tartakovskyi 

Iran, Central 

Asia 
Human 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 

B. caucasica 
Old World tick borne 

relapsing fever 

Ornithodoros 

aspersus 

Asia (Caucasus 

and Iraq) 
Human 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999; Parola & 

Raoult, 2001) 

B. graingeri - 
Ornithodoros 

graingeri 
Africa Human 

(Parola & 

Raoult, 2001) 

B. anserina Avian borreliosis Argas spp. Worldwide Birds 
(Barbour & 

Hayes, 1986) 

B. tillae - 
Ornihodoros 

zumpti 
- Africa 

(Rebaudet & 

Parola, 2006) 

B. coraciae 
Bovine epizootic 

abortion 

Ornithodoros 

coriaceus 
USA Cattle 

(Barbour & 

Hayes, 1986; 

Estrada-Peña 

& Jongejan, 

1999) 

B. parkeri - 
Ornithodoros 

parkeri 
USA Human 

(Rebaudet & 

Parola, 2006) 

Genus Dermatophilus 

D. congolensis Dermatophilosis 
Amblyomma 

variegatum 
Africa Ruminants 

(Jongejan & 

Uilenberg, 

2004) 
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4.15 Vertebrate animals in the study 

4.15.1 Species description (Canis lupus familiars) 

The separation of domestic dogs occurred approximately 100,000 years ago, and 

the appearance of the different breeds that exist today began around 15,000 years 

ago (Table 3). This change occurred gradually due mainly to the change from 

nomadic to sedentary life by human beings (Vilà et al., 1997). The dogs have 

been domesticated and selected according to their physical, sensory, and 

behavioral capabilities that give them certain advantages over the rest of the dogs, 

such as pack dogs (Saint Bernard, Alaskan Malamutes, and huskies), hunters 

(fox terriers, jack rusell terrier), guarding (chow chow, mastiffs), herding (collies, 

shepherds), fishermen's helpers (newfoundland, poodles), guarding carriages 

and riders (dalmatians) and companion dogs (pugs, york shire). The morphology 

of dogs is very diverse, however all have a common similarity with their wild 

ancestor the gray wolf (canis lupus) (Database, 2022). Due to its closeness, 

loyalty and friendship with humans, it is considered the ideal pet species for 

humans (Otranto et al., 2014). Furthermore, as good companions to humans, 

dogs share many things with humans, including zoonotic endoparasites and 

ectoparasites (Dantas-Torres & Otranto, 2014; Otranto et al., 2013). 

Table 3. Taxonomic classification of the dog (Canis lupus familiaris). 

Scientific name: Canis lupus familiaris Linnaeus, 1758 

 

Canis lupus familiaris has been used in different socioeconomic and protection 

activities, which is why it is highly variable in shape and size (Database, 2022). In 

general, they are characterized by having a relatively tall body (36 cm to 1.45 m 

Taxonomic classification 
Kingdom Animalia 
Phylum Craniata 
Class Mammalia 
Order Carnívora 
Family Canidae 
Genus Canis 

Species Lupus 
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and 1 to 79 kg), long legs, and a cylindrical, furry tail. It is a sociable animal with 

a well-established dominance hierarchy. It can reproduce up to twice a year, 

having a highly variable number of offspring, from 3 to 10 or more. It feeds on all 

kinds of man's organic waste, but it can be a good hunter of different species of 

animals (Álvarez-Romero & Medellín, 2005). Canis lupus familiaris is strongly 

associated with human populations, maintaining a commensal-type relationship. 

Due to the above, the distribution in the country can be seen reflected in the very 

distribution of the population cores. Feral populations have been identified on 

islands, such as: Cedros, Guadalupe, María Cleofas, María Magdalena, among 

others (Álvarez-Romero & Medellín, 2005) 

4.15.2 Species description (Gopherus flavomarginatus) 

In 1959, Legler described a new species of tortoise in the genus Gopherus and 

named it flavomarginatus. The word "Gopherus" means "excavator” and the name 

“flavomarginatus” is derived from the Latin word flavus, “yellow” and marginatus 

“fringed”, referring to the yellow edges of the carapace scutes (Legler, 1959). This 

species belongs to the Testudinidae family and is the largest of the five species 

(G. agassizii, G. berlandieri, G. polyphemus and G. morafkai) that make up this 

genus. Its complete and current taxonomic classification is presented in Table 4. 

Table 4. Taxonomic classification of the Bolson tortoise (Gopherus 
flavomarginatus) 

Scientific name: Gopherus flavomarginatus (Legler, 1959) 

4.16 Endosymbiont bacteria in ticks  

Before 1990, all bacteria present in ticks were considered pathogenic, without 

really evaluating pathogenicity. However, today we know that there is a well-

Taxonomic classification 
Kingdom Animalia 
Phylum Craniata 
Class Reptilia (Laurenti, 1768) 
Order Testudines (Batsch, 1788) 
Family Testudinidae (Batsch, 1788) 
Genus Gopherus (Rafinesque, 1832) 

Species flavomarginatus 
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structured microbial community in ticks that does not represent a risk to hosts 

(Cafiso et al., 2019; Garcia Guizzo et al., 2022; Papa et al., 2017; Vila et al., 2019). 

The capacity of these arthropods to host microorganisms is considerable, it has 

been shown that the bacterial diversity in these organisms is very high and varies 

with some intrinsic elements in the biology of the individual, as well as extrinsic 

ones due to geoclimatic issues (Lalzar et al., 2012). The diversity of these 

communities can fluctuate depending on various factors, environmental factors 

are key to the diversification of microbial communities, the structure of the 

microbiota also depends on the species of ticks found, the season in which they 

were collected, the geographical region where the study was conducted (Carpi et 

al., 2011; Lalzar et al., 2012; Williams-Newkirk et al., 2014), the biological stage 

(Clay et al., 2008; Moreno et al., 2006; Williams-Newkirk et al., 2014; Zolnik et al., 

2016) and also the types of food that they carry out (Heise et al., 2010; Menchaca 

et al., 2013; Zhang et al., 2014), and on the other hand, it has been verified that 

the dynamics and microbial composition is determined by the pathogenic 

organisms that the tick harbors (Abraham et al., 2017; Bonnet & Pollet, 2021; 

Steiner et al., 2008). 

Ticks, in addition to potentially pathogenic organisms, harbor a wide variety of 

endosymbiont microorganisms. For obvious reasons, these organisms have been 

underestimated in comparison to potentially pathogenic ones, and their biology, 

functions, and effects on their hosts are not clear (Bonnet et al., 2017). However, 

these organisms have a very important role in the survival of ticks, some roles 

they play are beneficial, neutral and in some cases harmful to their hosts. These 

are from metabolic, nutritional, reproductive, resistance to stressors and external 

factors and immunity. In addition to the above, they have a key role in the 

transmission of TBPs, which are of considerable importance in human and 

veterinary medicine (Bonnet et al., 2017; Bonnet & Pollet, 2021).   

In general, there is an intracellular bacteria-arthropod association and these in 

turn undergo vertical transmission or maternal (transovarial) transmission (Moran 

et al., 2008; Wernegreen, 2012). In fact, these vertically transmitted obligate 
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endosymbionts are key to biological processes of the invertebrate host. these 

crucial characteristics are the biosynthesis or metabolic routes of which 

arthropods lack, examples of these may be the metabolization of the sap of some 

plants or the blood of vertebrates that parasitize in the case of hematophagous 

(Moran et al., 2008; Wernegreen, 2012). However, in most cases they are 

facultative endosymbionts that facilitate adaptation to environmental changes, 

protection against potential enemies, nutrition and reproduction  (Oliver et al., 

2010).  

Obligate endosymbionts have coevolved with their hosts, their mutualistic 

relationships dating back millions of years (Moran et al., 2008). Normally, these 

obligate endosymbionts are found in a certain host species, as in the case of 

Midichloria mitochondrii, which is very specific to ticks (Smith et al., 2015a; 

Stefanini & Duron, 2012).  

One of the extraordinary symbiotic relationships of arthropods is what occurs with 

ticks, since the tick, due to its blood-based diet, requires biological symbiotic 

interactions with its microbiota (Bonnet et al., 2017). At least 10 genera of 

endosymbionts harboring ticks have been recorded, all of which are maternally 

inherited obligate endosymbionts to ticks (Duron et al., 2017). Of all these three 

are exclusive to ticks, Midichloria, Coxiella-LE and Francisella-LE (Bonnet et al., 

2017; Duron et al., 2017). 

Bacterial composition analysis has been carried out on tick eggs of two different 

species, verifying that there is >99% of Coxiella-LE in the samples analyzed and 

confirming the efficiency of vertical transmission of this endosymbiont (Duron et 

al., 2015b). This is mainly due to the tropism that this endosymbiont has for both 

the ovaries and the Malpighian tubules. On the other hand, studies revealed the 

metabolic routes developed by this endosymbiont for the synthesis of amino acids 

and vitamins; it is the main microorganism that encodes genes to synthesize B 

complex vitamins and their cofactors, which cannot be obtained independently by 

ticks (Gottlieb et al., 2015; Smith et al., 2015b). It has been shown that in a study 

where the presence of Coxiella-LE was analyzed in 81 different species of ticks 
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that in the absence of this genus this endosymbiont was replaced with another 

one also inherited maternally. Among these are Francisella-LE and Rickettsia 

(Duron et al., 2017). In birds, for example, the presence of Francisella-LE in the 

ectoparasite Argas persicus is vital for the genetic pathways of folic acid, biotin 

and riboflavin biosynthesis (Gerhart et al., 2016b; Sjödin et al., 2012).  

The rickettsiales are other endosymbionts that have the genetic faculty for the 

synthesis of folic acid, in the species I. scapularis and in the I. pacificus ticks 

(Hunter et al., 2015). The survival of different species such as A. americanum, 

Dermacentor variabilis and I. scapularis of ticks is closely related to the synthesis 

routes of essential elements for ticks and this has been observed particularly with 

rickettsiales in the survival and mortality of larvae (Kagemann & Clay, 2013). In 

summary, these obligate endosymbionts directly and indirectly affect the ecology 

and evolution of their invertebrate host and, above all, allow the adaptation of ticks 

to hematophagy. 

Ticks also harbor facultative symbionts belonging to a wide range of genera. A 

study in 81 tick species demonstrated a considerable list of bacterial facultative 

symbiont organisms (Duron et al., 2017). Five endosymbionts (Wolbachia, 

Cardinium, Arsenophonus, Spiroplasma and Rickettsia) are common in some 

groups of arthropods and are known to manipulate insect reproduction through 

induction of parthenogenesis, feminization, male killing, and cytoplasmic 

incompatibility. 

The role of the facultative symbionts has not been fully elucidated. Despite this, it 

is known, for example, that the genus inhibits the ability to questing for hosts in 

different genera of ticks, increasing their mortality (Kagemann & Clay, 2013). 

Midichloria mitochondrii, on the other hand, has been linked as an additional 

source of ATP for tick cells during oogenesis, making it a key player in 

reproduction (Sassera et al., 2011). In addition, it is known that it can contribute 

to the molting process of the tick (Zchori-Fein & Bourtzis, 2011). Table 5 below 

shows the main endosymbiont bacterial taxa associated with ticks. 
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Table 5. Bacterial genera of maternally inherited bacteria, modified from 
Duron et al. (2017). 

Wolbachia 

Very common in 
arthropods (Duron et al., 
2008a; Hilgenboecker et 

al., 2008; Zug & 
Hammerstein, 2012), 

present in ticks (Andreotti 
et al., 2011; Carpi et al., 

2011) 

Unknown effect on ticks 
(Engelstädter & Hurst, 
2009a), At least in the 

sheep tick, Ixodes ricinus, 
it is related that the 

presence of Wolbachia is 
due to contamination by a 
parasite, the hyminoptera 

(Plantard et al., 2012) 

Rickettsia 

Common in arthropods 
(Perlman et al., 2006; 
Weinert et al., 2009), 

present in ticks (Clayton et 

Reproductive 
manipulator in many 

species, unknown effects 
on ticks (Engelstädter & 

Hurst, 2009a) closely 

Maternally inherited 
bacteria 

Distribution in 
arthropods 

Main properties 

Gamma-proteobacteria 

Coxiella-LE 

A symbiont endemic to 
ticks and very common 

(Duron et al., 2014; Duron 
et al., 2015a; Lalzar et al., 
2012; Machado-Ferreira et 

al., 2011) 

Obligate symbiont on most 
ticks (Gottlieb et al., 2015; 
Zhong et al., 2007). Very 
close to the pathogen that 
causes Q fever, C. burnetii 

(Duron et al., 2015a) 

Rickettsiella 

Widespread distribution in 
arthropods (Kurtti et al., 
2002; Tsuchida et al., 

2014), common in ticks 
(Anstead Clare & Chilton 
Neil, 2014; Duron et al., 

2016; Duron et al., 2015a; 
Kurtti et al., 2002) 

Unknown effects on ticks 
(Tsuchida et al., 2014; 
Tsuchida et al., 2010), 

Some strains are 
entomopathogenic 

(Cordaux et al., 2007; 
Leclerque et al., 2011) 

Arsenophonus 

Common in arthropods 
(Duron et al., 2008a; 

Nováková et al., 2009), 
present in ticks (Clay et 
al., 2008; Clayton et al., 

2015; Dergousoff & 
Chilton, 2010) 

Facultative symbiont in 
some arthropods 

(Jousselin et al., 2013; 
Nováková et al., 2009) 

Francisella-LE 

Rare in ticks and not found 
in other arthropods 

(Clayton et al., 2015; 
Niebylski et al., 1997; 

Scoles, 2004) 

Effects unknown, 
facultative symbiont in at 

least one tick species 
(Gerhart et al., 2016a) 

closely related to the agent 
of tularaemia (F. 

tularensis) (Sjödin et al., 
2012) 

Alpha-proteobacteria 
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al., 2015; Kurtti et al., 
2015) 

related to tick-borne 
pathogens (Kurtti et al., 

2015; Perlman et al., 2006; 
Weinert et al., 2009) 

Midichloria 

Present in ticks, not found 
in other arthropods 

(Dergousoff & Chilton, 
2010; Epis et al., 2008; 

Najm et al., 2012; Qiu et 
al., 2014; Venzal et al., 

2007) 

Provides energy to ticks 
(Epis et al., 2013) 

Lariskella 

Rare in arthropods 
(Matsuura et al., 2012; 

Toju et al., 2013), reported 
once in ticks (Toju et al., 

2013) 

Unknown effects 

Spiroplasma 

Common in arthropods 
(Duron et al., 2008a; 
Weinert et al., 2007), 

presente en garrapatas 
(Henning et al., 2006; 

Tully et al., 1995) 

Unknown effects on 
ticks (Engelstädter & 

Hurst, 2009b) 

Cardinium 

Common in arthropods 
(Duron et al., 2008a; 
Duron et al., 2008b), 

Presente en garrapatas 
(Benson Micah et al., 

2004; Kurtti et al., 1996) 

Unknown effects on 
ticks Reproductive 

manipulator in some 
species (Engelstädter & 

Hurst, 2009b) 

 
 

 4.17 Bacterial characterization of ticks according to the vertebrate host  

4.17.1 Dog ticks, their microbiota and main diseases transmitted by 

their ticks  

The hard tick Riphicephalus sanguineus, commonly known as the brown tick, is a 

common tick on dogs, followed by those of the genus Otobius. Infestations of this 

vector have been reported in the southern United States and Mexico at 

unprecedented rates, perhaps due to the accelerated growth rate of dogs in these 

countries (Ojeda-Chi et al., 2019; Ortega-Morales et al., 2019; Tinoco-Gracia et 

al., 2018), the brown dog tick is the one most associated with the transmission of 

Mollicutes 

Bacteroidetes 
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(RMSF) and in the United States the Dermacentor spp. Because the brown tick is 

cosmopolitan and prefers to feed on dogs, it remains in peri-urban areas. The 

presence of the pathogens R. rickettsii, R. rhipicephali, and R. rhipicephali have 

been detected within this vector (Castillo-Martínez et al., 2015).  

One of the most lethal diseases in the Americas is Rocky Mountain spotted fever, 

caused by Rickettsia rickettsii. Recent studies in Mexico have detected R. 

rickettsii in different states of Mexico, especially in states with an arid and semi-

arid climate, such as Mexicali, which in 2015 the Mexican Ministry of Health 

declared a state of epidemiological emergency in different states from northern 

Mexico (Alvarez-Hernandez et al., 2017), and as of 2018 the (RMSF) has already 

affected more than 4000 people, and not only in Mexico, in the United States the 

incidence of this disease has increased four times (Tinoco-Gracia et al., 2018), in 

2017, 6,247 cases were reported in the US  (Prevention., 2019). Another 

particular study was carried out in Coahuila in the municipalities of Torreón, San 

Pedro, Viesca, Fco. I. Madero and Matamoros. They found that, in the municipality 

of Torreón, Viesca and Francisco I. Madero, the ticks were infected with R. 

rickettsii, the cause of RMSF. They also found another species of the genus 

Rickettsia; R. rhipicephali, which had never been found in animals co-infected with 

R. rickettsii. It should be noted that it had not been previously reported in Mexico 

(Castillo-Martínez et al., 2017). This confirms the prevalence of the pathogen in 

southern Coahuila and confirms the role of the dog in the spread of the pathogen. 

Other studies also within the la Comarca Lagunera region, in the cities of Torréon, 

Gómez Palacio and Lerdo, have found, by molecular methods, the pathogens of 

dogs, Anaplasma platys and Erlichia canis (Almazán et al., 2016), which causes 

the disease Granulocytic Anaplasmosis and Monocytic Ehrlichiosis of the dog and 

which is also zoonotic and affects humans (Breitschwerdt et al., 2014; Maggi et 

al., 2013).  

4.17.2 Reptile ticks and their microbiota 
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Some bacteria like Anaplasma phagocytophilum, Borrelia burgdorferi, B. bissettii, 

B. turcica, Ehrlichia canis, Coxiella burnetii, Rickettsia spp., Pasteurella spp. and 

Francisella tularensis have been reported in the blood of reptiles, being vectorized 

by Acari (Ixodes spp., Amblyomma spp., Hyalomma spp. and Ornithodoros spp.) 

are the ticks causing these transmissions (Andoh et al., 2015; Barraza-Guerrero 

et al., 2020; Jacobson, 2007; Jacobson et al., 2012; Jimenez Castro et al., 2019; 

Kalmár et al., 2015; Omondi et al., 2017; Široký et al., 2014; Zemtsova et al., 

2012). 

4.18 Studies of bacteria in blood and the human blood microbiome 

The human and animal body possesses a great abundance of bacterial, fungal 

and viral microorganisms. Regardless of the relationship it establishes with its 

host (commensal, symbiotic or pathogen). Most of the higher living organisms and 

their homeostasis are related to the microbial composition they host. In fact, 2% 

of the weight of the human body (1.5 kg) represents the weight of bacterial cells, 

approximately the weight of the brain or liver, and this despite the fact that bacteria 

are 1000 times smaller than the somatic cells of the human body (Molina et al., 

2012). Due to our long history of coevolution with microorganisms (Moeller et al., 

2016), It is somewhat logical that bacterial genes outnumber us by a factor of 150, 

3,300,000 compared to 22,000 genes from our own cells (Qin et al., 2010). 

Thanks to the introduction of cutting-edge molecular technologies such as "NGS" 

as well as whole-genome shotgun sequencing, we are able to study so-called 

"microbial selves" and identify alterations to the nascent known healthy human 

microbiome (Segata et al., 2013). One of the goals of many scientists is to 

establish a microbiota taxonomic base of microorganisms in different 

compartments and tissues in humans. However, it is even more important to 

establish the functionality of bacterial taxa (functional microbiota) based on 

metabolic pathways and thus identify dysbiosis in the human microbiota in 

different parts of the body (Païssé et al., 2016; Turnbaugh et al., 2009). 
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The concept of healthy HBM has received criticism because the idea that blood 

is a sterile medium free of any foreign cells (i.e., bacteria) is well established 

(Païssé et al., 2016). Nevertheless, there are studies that demonstrate the 

existence of a blood microbiome in animals (Mandal et al., 2016). In the context 

of the human being, more and more studies analyze the presence of "foreign" 

microorganisms in human blood and this does not necessarily equate to an 

infection or a disease state (Castillo et al., 2019). 

Since 1960 there has been controversy about the presence of foreign cells in 

normal blood. Tedeschi et al. (1969) detected an increase in the absorption of 

nucleosides and amino acids in the blood of apparently healthy people, which led 

them to the hypothesis that metabolically active bacteria similar to mycoplasmas 

were found in the blood. Domingue et al. (1977) tested blood from a healthy 

human population and showed that 7% contained bacterial growth even after 

osmotic lysis and filtration. 

Nikkari et al. (2001) They detected blood bacterial microbiota in apparently 

healthy people by means of qPCR and the amplification of the 16S rRNA gene 

from different phylogenetic groups. Moriyama et al. (2008) In the same way, he 

also found the presence of bacterial DNA in blood samples from healthy people. 

4.19 NGS for the study of microbiota in ticks 

The microbiota or microbiome can be defined as a group of organisms that 

interact with their host as commensals, symbiotics, or pathogens (Ursell et al., 

2012). The study of microbial communities was practically based on microscopy 

and cultures. Microbiology, despite being an inexpensive, fast, and relatively 

simple technique, lacks sensitivity and objectivity (Houpikian & Raoult, 2002). On 

the other hand, bacterial cultures are widely used for microbial identification and 

antibiotic susceptibility studies (Kotsilkov et al., 2015), Possessing low sensitivity, 

it has been estimated that only 2% of environmental microorganisms can be 

cultured in the laboratory (Wade, 2002). 
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Modern molecular techniques have been able to characterize the vast microbial 

community that ticks harbor (viruses, bacteria and eukaryotes) (Greay et al., 

2018). The growth of molecular technologies such as next-generation sequencing 

(NGS) has been able to study these microbial communities in a more efficient and 

cost-effective manner. NGS undoubtedly has many advantages over traditional 

non-molecular techniques that have limited sensitivity and even over conventional 

molecular techniques such as PCR or Sanger sequencing that have limited 

scalability and sensitivity (Greay et al., 2018). Studies of the microbial composition 

of ticks through NGS have increased significantly in recent years, mainly due to 

the ability to identify several species simultaneously in a single analysis and even 

to identify rare or difficult taxa (Simner et al., 2018). The study of the microbiota 

in vectors has been significantly developed by the use of the highly conserved 

16S rRNA gene and has allowed the detection of bacterial species under different 

environmental, biological, ecological and experimental conditions (Couper & 

Swei, 2018). The technique is based on amplifying this barcode from a sample 

through PCR, loading the samples into a flow cell for sequencing and finally the 

analysis of bioinformatics data to match the data obtained with the phylogenetic 

information (Couper & Swei, 2018). The availability of a conserved marker gene 

and databases has allowed very precise bacterial profiles to be obtained, 

especially at the genus level and sometimes at the species level. This 

methodology allows the detection of microorganisms of a great variety of 

phylogenies and taxa regardless of the type of microorganism (viruses, bacteria, 

fungi and parasites) and even the discovery of new organisms, which allows 

replacing the use of many specific tests with a single test based in NGS assay 

(Simner et al., 2018). 

 

  



 

41 

 

4.20 References 

Abraham, N. M., Liu, L., Jutras, B. L., Yadav, A. K., Narasimhan, S., Gopalakrishnan, V., . . . Fikrig, 
E. (2017). Pathogen-mediated manipulation of arthropod microbiota to promote 
infection. Proceedings of the National Academy of Sciences of the United States of 
America, 114(5), E781-e790. https://doi.org/10.1073/pnas.1613422114  

Acinas, S. G. (2007). Diversidad y estructura de una comunidad microbiana. Actualidad SEM-
Boletín Informativo de la Sociedad Española de Microbiología, 44, 24-29.  

Ahantarig, A., Trinachartvanit, W., Baimai, V., & Grubhoffer, L. (2013). Hard ticks and their 
bacterial endosymbionts (or would be pathogens). Folia Microbiologica, 58(5), 419-428. 
https://doi.org/10.1007/s12223-013-0222-1  

Aldemir, O. S. (2007). Epidemiological study of ectoparasites in dogs from Erzurum region in 
Turkey. Revue de Médecine Vétérinaire, 158(3), 148-151.  

Almazán, C., González-Álvarez, V. H., Fernández de Mera, I. G., Cabezas-Cruz, A., Rodríguez-
Martínez, R., & de la Fuente, J. (2016). Molecular identification and characterization of 
Anaplasma platys and Ehrlichia canis in dogs in Mexico. Ticks and Tick-Borne Diseases, 
7(2), 276-283. https://doi.org/https://doi.org/10.1016/j.ttbdis.2015.11.002  

Alvarez-Hernandez, G., Roldan, J. F. G., Milan, N. S. H., Lash, R. R., Behravesh, C. B., & Paddock, 
C. D. (2017). Rocky Mountain spotted fever in Mexico: past, present, and future. Lancet 
Infectious Diseases, 17(6), e189-e196. https://doi.org/10.1016/s1473-3099(17)30173-1  

Álvarez-Romero, J., & Medellín, R. A. (2005). Canis lupus. Vertebrados superiores exóticos en 
México: diversidad, distribución y efectos potenciales. Bases de datos SNIBCONABIO.  

Anderson, J. F. (2002). The natural history of ticks. Medical Clinics of North America, 86(2), 205-
218.  

Anderson, J. F., Barthold, S. W., & Magnarelli, L. A. (1990). Infectious but nonpathogenic isolate 
of Borrelia burgdorferi. Journal of Clinical Microbiology, 28(12), 2693-2699. 
https://doi.org/10.1128/jcm.28.12.2693-2699.1990  

Anderson, J. F., & Magnarelli, L. A. (2008). Biology of ticks. Infectious Disease Clinics of North 
America, 22(2), 195-215.  

Andoh, M., Sakata, A., Takano, A., Kawabata, H., Fujita, H., Une, Y., . . . Ando, S. (2015). Detection 
of Rickettsia and Ehrlichia spp. in Ticks Associated with Exotic Reptiles and Amphibians 
Imported into Japan. PloS One, 10(7), e0133700. 
https://doi.org/10.1371/journal.pone.0133700  

Andreotti, R., Pérez de León, A. A., Dowd, S. E., Guerrero, F. D., Bendele, K. G., & Scoles, G. A. J. 
B. m. (2011). Assessment of bacterial diversity in the cattle tick Rhipicephalus (Boophilus) 
microplusthrough tag-encoded pyrosequencing. 11(1), 1-11.  

Anstead Clare, A., & Chilton Neil, B. (2014). Discovery of Novel Rickettsiella spp. in Ixodid Ticks 
from Western Canada. Applied and Environmental Microbiology, 80(4), 1403-1410. 
https://doi.org/10.1128/AEM.03564-13  

Balashov, Y. S. (1967). Blood-sucking ticks (Ixodoidea)-vectors of diseases of man and animals. 
Blood-sucking ticks (Ixodoidea)-vectors of diseases of man and animals.  

Balashov, Y. S. (1972). Bloodsucking ticks (Ixodoidea)-vectors of disease in man and animals. 
Miscellaneous Publications of the Entomological Society of America, 8(5).  

Barraza-Guerrero, S. I., Meza-Herrera, C. A., Ávila-Rodríguez, V., Vaca-Paniagua, F., Díaz-
Velásquez, C. E., Pacheco-Torres, I., . . . Herrera-Salazar, J. C. (2021). Unveiling the Fecal 
Microbiota in Two Captive Mexican Wolf (Canis lupus baileyi) Populations Receiving 
Different Type of Diets. Biology, 10(7), 637. 
https://doi.org/https://doi.org/10.3390/biology10070637  

https://doi.org/10.1073/pnas.1613422114
https://doi.org/10.1007/s12223-013-0222-1
https://doi.org/https:/doi.org/10.1016/j.ttbdis.2015.11.002
https://doi.org/10.1016/s1473-3099(17)30173-1
https://doi.org/10.1128/jcm.28.12.2693-2699.1990
https://doi.org/10.1371/journal.pone.0133700
https://doi.org/10.1128/AEM.03564-13
https://doi.org/https:/doi.org/10.3390/biology10070637


 

42 

 

Barraza-Guerrero, S. I., Meza-Herrera, C. A., González-Álvarez, V. H., Vaca-Paniagua, F., Díaz-
Velásquez, C. E., Sánchez-Tortosa, F., . . . Herrera-Salazar, J. C. (2020). General Microbiota 
of the Soft Tick Ornithodoros turicata Parasitizing the Bolson Tortoise (Gopherus 
flavomarginatus) in the Mapimi Biosphere Reserve, Mexico. Biology, 9(9), 275. 
https://doi.org/https://doi.org/10.3390/biology9090275  

Beck, A. F., Holscher, K. H., & Butler, J. F. (1986). Life Cycle of Ornithodoros Turicata Americanus 
(Acari: Argasidae) in the Laboratory1. Journal of Medical Entomology, 23(3), 313-319. 
https://doi.org/10.1093/jmedent/23.3.313  

Beerntsen, B. T., James, A. A., & Christensen, B. M. (2000). Genetics of mosquito vector 
competence. Microbiology and Molecular Biology Reviews, 64(1), 115-137.  

Benson Micah, J., Gawronski Jeffrey, D., Eveleigh Douglas, E., & Benson David, R. (2004). 
Intracellular Symbionts and Other Bacteria Associated with Deer Ticks (Ixodes scapularis) 
from Nantucket and Wellfleet, Cape Cod, Massachusetts. Applied and Environmental 
Microbiology, 70(1), 616-620. https://doi.org/10.1128/AEM.70.1.616-620.2004  

Betancur, O., & Giraldo-Ríos, H. (2018). Economic and Health Impact of the Ticks in Production 
Animals. In Ticks and Tick-Borne Pathogens. IntechOpen.  

Bonnet, S. I., Binetruy, F., Hernández-Jarguín, A. M., & Duron, O. (2017). The tick microbiome: 
why non-pathogenic microorganisms matter in tick biology and pathogen transmission. 
Frontiers in cellular and infection microbiology, 7, 236.  

Bonnet, S. I., & Pollet, T. (2021). Update on the intricate tango between tick microbiomes and 
tick‐borne pathogens. Parasite Immunology, 43(5), e12813. 
https://doi.org/https://doi.org/10.1111/pim.12813  

Breitschwerdt, E. B., Hegarty, B. C., Qurollo, B. A., Saito, T. B., Maggi, R. G., Blanton, L. S., & 
Bouyer, D. H. (2014). Intravascular persistence of Anaplasma platys, Ehrlichia 
chaffeensis, and Ehrlichia ewingii DNA in the blood of a dog and two family members. 
Parasites & Vectors, 7(1), 1-7. https://doi.org/https://doi.org/10.1186/1756-3305-7-298  

Brites-Neto, J., Duarte, K. M., & Martins, T. F. (2015). Tick-borne infections in human and animal 
population worldwide. Vet World, 8(3), 301-315. 
https://doi.org/10.14202/vetworld.2015.301-315  

Butler, J. F., Hess, W. R., Endris, R. G., & Holscher, K. H. (1984). In viro feeding of Ornithodoros 
ticks for rearing and assessment of disease transmission. Acarology VI, Vol. 2.  

Cafiso, A., Sassera, D., Romeo, C., Serra, V., Hervet, C., Bandi, C., . . . Bazzocchi, C. (2019). 
Midichloria mitochondrii, endosymbiont of Ixodes ricinus: evidence for the transmission 
to the vertebrate host during the tick blood meal. Ticks and Tick-Borne Diseases, 10(1), 
5-12. https://doi.org/10.1016/j.ttbdis.2018.08.008  

Carpi, G., Cagnacci, F., Wittekindt, N. E., Zhao, F., Qi, J., Tomsho, L. P., . . . Schuster, S. C. (2011). 
Metagenomic Profile of the Bacterial Communities Associated with Ixodes ricinus Ticks. 
PloS One, 6(10), e25604. https://doi.org/10.1371/journal.pone.0025604  

Castillo-Martínez, A., Cueto-Medina, S., Méndez-López, R., Pérez-Muñoz, R., Hernández-
Rodríguez, S., & Ortega-Morales, A. (2016). Garrapatas (Acari: Ixodidae, Argasidae) de la 
Comarca Lagunera en Durango, México. Entomología Mexicana, 3, 26-32.  

Castillo-Martínez, A., Cueto-Medina, S. M., Hernández-Rodríguez, S., Gallegos-Robles, M. Á., 
Valdés-Perezgasga, M. T., Sánchez-Ramos, F. J., & Ortega-Morales, A. I. (2015). Detección 
de Rickettsia sp. en la garrapata café del perro Rhipicephalus sanguineus (Acari: 
Ixodidae) en Matamoros, Coahuila, México. Acta zoológica mexicana, 31, 80-83. 
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0065-
17372015000100011&lng=es&tlng=es.  

https://doi.org/https:/doi.org/10.3390/biology9090275
https://doi.org/10.1093/jmedent/23.3.313
https://doi.org/10.1128/AEM.70.1.616-620.2004
https://doi.org/https:/doi.org/10.1111/pim.12813
https://doi.org/https:/doi.org/10.1186/1756-3305-7-298
https://doi.org/10.14202/vetworld.2015.301-315
https://doi.org/10.1016/j.ttbdis.2018.08.008
https://doi.org/10.1371/journal.pone.0025604
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0065-17372015000100011&lng=es&tlng=es
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0065-17372015000100011&lng=es&tlng=es


 

43 

 

Castillo-Martínez, A., Cueto-Medina, S. M., Valdés-Perezgasga, M. T., Sánchez-Ramos, F. J., 
López-Hernández, J., Hernández-Rodríguez, S., & Ortega-Morales, A. I. (2017). Detección 
de Rickettsia rickettsii Brumpt (Rickettsiales: Rickettsiaceae) en la garrapata café del 
perro Rhipicephalus sanguineus Latreille (Ixodida: Ixodidae) en la Comarca Lagunera, 
zona reemergente de Fiebre Manchada en México. Acta zoológica mexicana, 33, 339-
344. http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0065-
17372017000200339&nrm=iso  

Castillo, D. J., Rifkin, R. F., Cowan, D. A., & Potgieter, M. (2019). The healthy human blood 
microbiome: fact or fiction? Frontiers in cellular and infection microbiology, 9, 148. 
https://doi.org/https://doi.org/10.3389/fcimb.2019.00148  

Clay, K., Klyachko, O., Grindle, N., Civitello, D., Oleske, D., & Fuqua, C. (2008). Microbial 
communities and interactions in the lone star tick, Amblyomma americanum 
[https://doi.org/10.1111/j.1365-294X.2008.03914.x]. Molecular Ecology, 17(19), 4371-
4381. https://doi.org/https://doi.org/10.1111/j.1365-294X.2008.03914.x  

Clayton, K. A., Gall, C. A., Mason, K. L., Scoles, G. A., & Brayton, K. A. (2015). The characterization 
and manipulation of the bacterial microbiome of the Rocky Mountain wood tick, 
Dermacentor andersoni. Parasit Vectors, 8, 632. https://doi.org/10.1186/s13071-015-
1245-z  

CONANP. (2006). Programa de Conservacion y Manejo Reserva de la Biosfera de Mapimí. 
Retrieved 20 may 2021 from 
https://simec.conanp.gob.mx/pdf_libro_pm/139_libro_pm.pdf 

Cooley, R. A. (1944). The Agarasidae of North America, Central America, and Cuba (Vol. No 1: 1–
152.). Am Midl Nat Monogr.  

Cordaux, R., Paces-Fessy, M., Raimond, M., Michel-Salzat, A., Zimmer, M., & Bouchon, D. (2007). 
Molecular Characterization and Evolution of Arthropod-Pathogenic Rickettsiella 
Bacteria. Applied and Environmental Microbiology, 73(15), 5045-5047. 
https://doi.org/10.1128/AEM.00378-07  

Costard, S., Wieland, B., de Glanville, W., Jori, F., Rowlands, R., Vosloo, W., . . . Dixon, L. K. (2009). 
African swine fever: how can global spread be prevented? Philosophical Transactions of 
the Royal Society B: Biological Sciences, 364(1530), 2683-2696. 
https://doi.org/10.1098/rstb.2009.0098  

Couper, L., & Swei, A. (2018). Tick microbiome characterization by next-generation 16S rRNA 
amplicon sequencing. J JoVE(138), e58239. https://doi.org/10.3791/58239  

Dantas-Torres, F. (2010). Biology and ecology of the brown dog tick, Rhipicephalus sanguineus. 
Parasites & Vectors, 3(1), 26. https://doi.org/10.1186/1756-3305-3-26  

Dantas-Torres, F., Chomel, B. B., & Otranto, D. (2012). Ticks and tick-borne diseases: a One Health 
perspective. Trends in Parasitology, 28(10), 437-446.  

Dantas-Torres, F., Latrofa, M. S., Annoscia, G., Giannelli, A., Parisi, A., & Otranto, D. (2013). 
Morphological and genetic diversity of Rhipicephalus sanguineus sensu lato from the 
New and Old Worlds. Parasites & Vectors, 6(1), 213. https://doi.org/10.1186/1756-3305-
6-213  

Dantas-Torres, F., & Otranto, D. (2014). Dogs, cats, parasites, and humans in Brazil: opening the 
black box. Parasites & Vectors, 7(1), 22. https://doi.org/10.1186/1756-3305-7-22  

Database, G. I. S. (2022). Species profile: Canis lupus. Retrieved 19 december 2022 from 
http://www.iucngisd.org/gisd/species.php?sc=146 on 20-12-2022. 

Davis, G. E. (1941). Ornithodoros turicata and relapsing fever spirochetes in New Mexico. Public 
Health Reports (1896-1970), 2258-2261.  

http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0065-17372017000200339&nrm=iso
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0065-17372017000200339&nrm=iso
https://doi.org/https:/doi.org/10.3389/fcimb.2019.00148
https://doi.org/10.1111/j.1365-294X.2008.03914.x
https://doi.org/https:/doi.org/10.1111/j.1365-294X.2008.03914.x
https://doi.org/10.1186/s13071-015-1245-z
https://doi.org/10.1186/s13071-015-1245-z
https://simec.conanp.gob.mx/pdf_libro_pm/139_libro_pm.pdf
https://doi.org/10.1128/AEM.00378-07
https://doi.org/10.1098/rstb.2009.0098
https://doi.org/10.3791/58239
https://doi.org/10.1186/1756-3305-3-26
https://doi.org/10.1186/1756-3305-6-213
https://doi.org/10.1186/1756-3305-6-213
https://doi.org/10.1186/1756-3305-7-22
http://www.iucngisd.org/gisd/species.php?sc=146


 

44 

 

Davis, H., Vincent, J. M., & Lynch, J. (2002). TICK-BORNE RELAPSING FEVER CAUSED BY BORRELIA 
TURICATAE. The Pediatric Infectious Disease Journal, 21(7). 
https://journals.lww.com/pidj/Fulltext/2002/07000/TICK_BORNE_RELAPSING_FEVER_
CAUSED_BY_BORRELIA.20.aspx  

De la Fuente, J., Antunes, S., Bonnet, S., Cabezas-Cruz, A., Domingos, A. G., Estrada-Peña, A., . . . 
Nijhof, A. M. (2017). Tick-pathogen interactions and vector competence: identification 
of molecular drivers for tick-borne diseases. Frontiers in cellular and infection 
microbiology, 7, 114.  

de la Fuente, J., Estrada-Pena, A., Venzal, J. M., Kocan, K. M., & Sonenshine, D. E. J. F. B. (2008). 
Overview: ticks as vectors of pathogens that cause disease in humans and animals. 
13(13), 6938-6946.  

Delgado-de la Mora, J., Sanchez-Montes, S., Licona-Enriquez, J. D., Delgado-de la Mora, D., 
Paddock, C. D., Beati, L., . . . Alvarez-Hernandez, G. (2019). Rickettsia parkeri and 
Candidatus Rickettsia andeanae in Tick of the Amblyomma maculatum Group, Mexico. 
Emerging Infectious Diseases, 25(4), 836-838. https://doi.org/10.3201/eid2504.181507  

Dergousoff, S. J., & Chilton, N. B. (2010). Detection of a new Arsenophonus-type bacterium in 
Canadian populations of the Rocky Mountain wood tick, Dermacentor andersoni. 
Experimental and Applied Acarology, 52(1), 85-91. https://doi.org/10.1007/s10493-010-
9340-5  

Dikid, T., Jain, S. K., Sharma, A., Kumar, A., & Narain, J. P. (2013). Emerging & re-emerging 
infections in India: an overview. The Indian journal of medical research, 138(1), 19-31. 
https://www.ncbi.nlm.nih.gov/pubmed/24056553 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3767269/  
Domingue, G., Schlegel, J. J. I., & Immunity. (1977). Novel bacterial structures in human blood: 

cultural isolation. 15(2), 621-627.  
Donaldson, T. G., Pèrez de León, A. A., Li, A. I., Castro-Arellano, I., Wozniak, E., Boyle, W. K., . . . 

Lopez, J. E. (2016). Assessment of the Geographic Distribution of Ornithodoros turicata 
(Argasidae): Climate Variation and Host Diversity. PLoS Neglected Tropical Diseases, 
10(2), e0004383. https://doi.org/10.1371/journal.pntd.0004383  

Duarte, E. H. (2013). The haematophagous arthropods (Animalia: Arthropoda) of the Cape Verde 
islands: a review. Zoologia Caboverdiana, 4(2), 31-42.  

Dugés, A. (1876). Turicata de Guanajuato. El Repert Guanajuato.  
Duron, O., Binetruy, F., Noel, V., Cremaschi, J., McCoy, K. D., Arnathau, C., . . . Chevillon, C. (2017). 

Evolutionary changes in symbiont community structure in ticks. Molecular Ecology, 
26(11), 2905-2921. https://doi.org/10.1111/mec.14094  

Duron, O., Bouchon, D., Boutin, S., Bellamy, L., Zhou, L., Engelstädter, J., & Hurst, G. D. (2008a). 
The diversity of reproductive parasites among arthropods: Wolbachiado not walk alone. 
BMC Biology, 6(1), 27. https://doi.org/10.1186/1741-7007-6-27  

Duron, O., Cremaschi, J., & McCoy, K. D. (2016). The High Diversity and Global Distribution of the 
Intracellular Bacterium Rickettsiella in the Polar Seabird Tick Ixodes uriae. Microbial 
Ecology, 71(3), 761-770. https://doi.org/10.1007/s00248-015-0702-8  

Duron, O., Hurst, G. D. D., Hornett, E. A., Josling, J. A., & EngelstÄDter, J. A. N. (2008b). High 
incidence of the maternally inherited bacterium Cardinium in spiders 
[https://doi.org/10.1111/j.1365-294X.2008.03689.x]. Molecular Ecology, 17(6), 1427-
1437. https://doi.org/https://doi.org/10.1111/j.1365-294X.2008.03689.x  

Duron, O., Jourdain, E., McCoy, K. D. J. T., & Diseases, T.-b. (2014). Diversity and global 
distribution of the Coxiella intracellular bacterium in seabird ticks. 5(5), 557-563.  

https://journals.lww.com/pidj/Fulltext/2002/07000/TICK_BORNE_RELAPSING_FEVER_CAUSED_BY_BORRELIA.20.aspx
https://journals.lww.com/pidj/Fulltext/2002/07000/TICK_BORNE_RELAPSING_FEVER_CAUSED_BY_BORRELIA.20.aspx
https://doi.org/10.3201/eid2504.181507
https://doi.org/10.1007/s10493-010-9340-5
https://doi.org/10.1007/s10493-010-9340-5
https://www.ncbi.nlm.nih.gov/pubmed/24056553
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3767269/
https://doi.org/10.1371/journal.pntd.0004383
https://doi.org/10.1111/mec.14094
https://doi.org/10.1186/1741-7007-6-27
https://doi.org/10.1007/s00248-015-0702-8
https://doi.org/10.1111/j.1365-294X.2008.03689.x
https://doi.org/https:/doi.org/10.1111/j.1365-294X.2008.03689.x


 

45 

 

Duron, O., Noël, V., McCoy, K. D., Bonazzi, M., Sidi-Boumedine, K., Morel, O., . . . Durand, P. 
(2015a). The recent evolution of a maternally-inherited endosymbiont of ticks led to the 
emergence of the Q fever pathogen, Coxiella burnetii. PLoS pathogens, 11(5), e1004892. 
https://doi.org/https://doi.org/10.1371/journal.ppat.1004892  

Duron, O., Noël, V., McCoy, K. D., Bonazzi, M., Sidi-Boumedine, K., Morel, O., . . . Durand, P. J. P. 
p. (2015b). The recent evolution of a maternally-inherited endosymbiont of ticks led to 
the emergence of the Q fever pathogen, Coxiella burnetii. 11(5), e1004892.  

Duvallet, G., Boulanger, N., & Robert, V. (2018). Chapter 2 - Arthropods: Definition and Medical 
Importance. In N. Boulanger (Ed.), Skin and Arthropod Vectors (pp. 29-54). Academic 
Press. https://doi.org/https://doi.org/10.1016/B978-0-12-811436-0.00002-2  

Dworkin, M. S., Schwan, T. G., & Anderson, D. E., Jr. (2002). Tick-borne relapsing fever in North 
America. Medical Clinics, 86(2), 417-433. https://doi.org/10.1016/S0025-
7125(03)00095-6  

Edgar, R. C. (2010). Search and clustering orders of magnitude faster than BLAST. Bioinformatics, 
26(19), 2460-2461. https://doi.org/https://doi.org/10.1093/bioinformatics/btq461  

Engelstädter, J., & Hurst, G. D. D. (2009a). The Ecology and Evolution of Microbes that Manipulate 
Host Reproduction. 40(1), 127-149. 
https://doi.org/10.1146/annurev.ecolsys.110308.120206  

Engelstädter, J., & Hurst, G. D. D. (2009b). The Ecology and Evolution of Microbes that 
Manipulate Host Reproduction. Annual Review of Ecology, Evolution, and Systematics, 
40(1), 127-149. https://doi.org/10.1146/annurev.ecolsys.110308.120206  

Epis, S., Mandrioli, M., Genchi, M., Montagna, M., Sacchi, L., Pistone, D., & Sassera, D. (2013). 
Localization of the bacterial symbiont Candidatus Midichloria mitochondrii within the 
hard tick Ixodes ricinus by whole-mount FISH staining. Ticks and Tick-Borne Diseases, 
4(1), 39-45. https://doi.org/https://doi.org/10.1016/j.ttbdis.2012.06.005  

Epis, S., Sassera, D., Beninati, T., Lo, N., Beati, L., Piesman, J., . . . Bandi, C. (2008). Midichloria 
mitochondrii is widespread in hard ticks (Ixodidae) and resides in the mitochondria of 
phylogenetically diverse species. Parasitology, 135(4), 485-494. 
https://doi.org/10.1017/S0031182007004052  

Escareño Sánchez, L. M., Wurzinger, M., Pastor López, F., Salinas, H., Sölkner, J., & Iñiguez, L. 
(2011). La cabra y los sistemas de producción caprina de los pequeños productores de la 
Comarca Lagunera, en el norte de México. Revista Chapingo serie ciencias forestales y 
del ambiente, 17, 235-246. 
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-
40182011000500021&nrm=iso  

Francis, E. (1938). Longevity of the tick Ornithodoros turicata and of Spirochaeta recurrentis 
within this tick. Public Health Reports, 53(51).  

Frickmann, H., Dekker, D., Schwarz, N. G., Hahn, A., Boahen, K., Sarpong, N., . . . Hagen, R. M. 
(2015). 16S rRNA Gene Sequence-Based Identification of Bacteria in Automatically 
Incubated Blood Culture Materials from Tropical Sub-Saharan Africa. PloS One, 10(8), 
e0135923. https://doi.org/10.1371/journal.pone.0135923  

García, C. B. (2009). Obtención de sangre mediante punción venosa.  
García, G. I., & Martínez, J. G. (2004, 2004). Caracterización de la Reserva de la Biosfera de 

Mapimí mediante el uso de sistemas de información geográfica.  
Garcia Guizzo, M., Tirloni, L., Gonzalez, S. A., Farber, M. D., Braz, G., Parizi, L. F., . . . Oliveira, P. L. 

J. F. i. m. (2022). Coxiella endosymbiont of Rhipicephalus microplus modulates tick 
physiology with a major impact in blood feeding capacity. 1134.  

https://doi.org/https:/doi.org/10.1371/journal.ppat.1004892
https://doi.org/https:/doi.org/10.1016/B978-0-12-811436-0.00002-2
https://doi.org/10.1016/S0025-7125(03)00095-6
https://doi.org/10.1016/S0025-7125(03)00095-6
https://doi.org/https:/doi.org/10.1093/bioinformatics/btq461
https://doi.org/10.1146/annurev.ecolsys.110308.120206
https://doi.org/10.1146/annurev.ecolsys.110308.120206
https://doi.org/https:/doi.org/10.1016/j.ttbdis.2012.06.005
https://doi.org/10.1017/S0031182007004052
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-40182011000500021&nrm=iso
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-40182011000500021&nrm=iso
https://doi.org/10.1371/journal.pone.0135923


 

46 

 

Gerhart, J. G., Moses, A. S., & Raghavan, R. (2016a). A Francisella-like endosymbiont in the Gulf 
Coast tick evolved from a mammalian pathogen. Scientific Reports, 6(1), 33670. 
https://doi.org/10.1038/srep33670  

Gerhart, J. G., Moses, A. S., & Raghavan, R. J. S. r. (2016b). A Francisella-like endosymbiont in the 
Gulf Coast tick evolved from a mammalian pathogen. 6(1), 1-6.  

Gibson, D. R., Flynn, N. M., & Perales, D. (2001). Effectiveness of syringe exchange programs in 
reducing HIV risk behavior and HIV seroconversion among injecting drug users. AIDS, 
15(11), 1329-1341.  

González, A., del C Castro, D., & González, S. (2004). Ectoparasitic species from Canis familiaris 
(Linné) in Buenos aires province, Argentina. Veterinary Parasitology, 120(1-2), 123-129.  

González, V. H. (2018). Identificación de ectoparásitos y patógenos rickettsiales en animales 
domésticos de la Comarca Lagunera, México UNIVERSIDAD AUTÓNOMA AGRARIA 
ANTONIO NARRO]. México.  

Gottlieb, Y., Lalzar, I., & Klasson, L. (2015). Distinctive genome reduction rates revealed by 
genomic analyses of two Coxiella-like endosymbionts in ticks. Genome biology evolution, 
7(6), 1779-1796. https://doi.org/https://doi.org/10.1093/gbe/evv108  

Greay, T. L., Gofton, A. W., Paparini, A., Ryan, U. M., Oskam, C. L., & Irwin, P. J. (2018). Recent 
insights into the tick microbiome gained through next-generation sequencing. Parasites 
& Vectors, 11(1), 12. https://doi.org/10.1186/s13071-017-2550-5  

Guglielmone, A. A., Robbins, R. G., Apanaskevich, D. A., Petney, T. N., Estrada-Pena, A., Horak, I. 
G., . . . Barker, S. C. (2010). The Argasidae, Ixodidae and Nuttalliellidae (Acari: Ixodida) of 
the world: a list of valid species names.  

Guzmán-Cornejo, C., & Robbins, R. G. (2010). The genus Ixodes (Acari: Ixodidae) in Mexico: adult 
identification keys, diagnoses, hosts, and distribution. Revista mexicana de 
biodiversidad, 81(2), 289-298.  

Hammer, O., Harper, D., & Ryan, P. (2001). PAST: Paleontological Statistics Software Package for 
Education and Data Analysis (Vol. 4).  

Heise, S. R., Elshahed, M. S., & Little, S. E. (2010). Bacterial Diversity in Amblyomma americanum 
(Acari: Ixodidae) With a Focus on Members of the Genus Rickettsia. Journal of Medical 
Entomology, 47(2), 258-268. https://doi.org/10.1093/jmedent/47.2.258  

Henning, K., Greiner-Fischer, S., Hotzel, H., Ebsen, M., & Theegarten, D. (2006). Isolation of 
Spiroplasma sp. from an Ixodes tick. International Journal of Medical Microbiology, 296, 
157-161. https://doi.org/https://doi.org/10.1016/j.ijmm.2006.01.012  

Hess, W. R., Endris, R. G., Haslett, T. M., Monahan, M. J., & McCoy, J. P. (1987). Potential 
arthropod vectors of African swine fever virus in North America and the Caribbean basin. 
Veterinary Parasitology, 26(1), 145-155. https://doi.org/https://doi.org/10.1016/0304-
4017(87)90084-7  

Heymann, D. L. (2009). Emerging and re-emerging infections. Oxford textbook of public health, 
Volume 3: the practice of public health(Ed. 5), 1264-1273.  

Hilgenboecker, K., Hammerstein, P., Schlattmann, P., Telschow, A., & Werren, J. H. (2008). How 
many species are infected with Wolbachia? – a statistical analysis of current data. FEMS 
Microbiology Letters, 281(2), 215-220. https://doi.org/10.1111/j.1574-
6968.2008.01110.x %J FEMS Microbiology Letters  

Hoffmann, A. (1962). Monografía de los Ixodoidea de México. I parte. Revista de la Sociedad 
Mexicana de Historia Natural, 23, 191-307.  

Hoogstraal, H. (1972). Bibliography of ticks and tickborne diseases. From Homer (about 800 BC) 
to 31 December 1969. Bibliography of ticks and tickborne diseases. From Homer (about 
800 BC) to 31 December 1969., 4.  

https://doi.org/10.1038/srep33670
https://doi.org/https:/doi.org/10.1093/gbe/evv108
https://doi.org/10.1186/s13071-017-2550-5
https://doi.org/10.1093/jmedent/47.2.258
https://doi.org/https:/doi.org/10.1016/j.ijmm.2006.01.012
https://doi.org/https:/doi.org/10.1016/0304-4017(87)90084-7
https://doi.org/https:/doi.org/10.1016/0304-4017(87)90084-7
https://doi.org/10.1111/j.1574-6968.2008.01110.x
https://doi.org/10.1111/j.1574-6968.2008.01110.x


 

47 

 

Hoogstraal, H. (1985). Argasid and nuttalliellid ticks as parasites and vectors. Advances in 
Parasitology, 24, 135-238. https://doi.org/https://doi.org/10.1016/S0065-
308X(08)60563-1  

Hopla, C. E., Durden, L. A., & Keirans, J. E. (1994). Ectoparasites and classification. Revue 
scientifique et technique-Office international des epizooties, 13(4), 985-1034.  

Houpikian, P., & Raoult, D. (2002). Traditional and molecular techniques for the study of 
emerging bacterial diseases: one laboratory's perspective. Emerging Infectious Diseases, 
8(2), 122-131. https://doi.org/10.3201/eid0802.010141  

Hunter, D. J., Torkelson, J. L., Bodnar, J., Mortazavi, B., Laurent, T., Deason, J., . . . Zhong, J. J. P. 
o. (2015). The Rickettsia endosymbiont of Ixodes pacificus contains all the genes of de 
novo folate biosynthesis. 10(12), e0144552.  

Illumina. (2021a). 16s metagenomic sequencing library preparation. Illumina San Diego, CA. 
Retrieved 12 september 2021 from https://emea.illumina.com/content/dam/illumina-
support/documents/documentation/chemistry_documentation/16s/16s-
metagenomic-library-prep-guide-15044223-b.pdf 

Illumina. (2021b). Nextera XT DNA library prep reference guide. Illumina San Diego, CA. Retrieved 
18 september 2021 from https://support.illumina.com/content/dam/illumina-
support/documents/documentation/chemistry_documentation/samplepreps_nextera/
nextera-xt/nextera-xt-library-prep-reference-guide-15031942-05.pdf 

Jacobson, E. R. (2007). Infectious diseases and pathology of reptiles: color atlas and text. CRC 
Press.  

Jacobson, E. R., Berry, K. H., Wellehan Jr, J. F., Origgi, F., Childress, A. L., Braun, J., . . . Rideout, B. 
(2012). Serologic and molecular evidence for Testudinid herpesvirus 2 infection in wild 
Agassiz's desert tortoises, Gopherus agassizii. Journal of Wildlife Diseases, 48(3), 747-
757.  

Jimenez Castro, P., Pietzsch, M., & Pantchev, N. (2019). Ectoparasites in captive reptiles. The 
Veterinary Nurse, 10, 33-41. https://doi.org/10.12968/vetn.2019.10.1.33  

Jongejan, F., & Uilenberg, G. (2004). The global importance of ticks. Parasitology, 129 Suppl(S1), 
S3-14. https://doi.org/10.1017/s0031182004005967  

Jousselin, E., Cœur d'Acier, A., Vanlerberghe‐Masutti, F., & Duron, O. J. M. e. (2013). Evolution 
and diversity of A rsenophonus endosymbionts in aphids. 22(1), 260-270.  

Kagemann, J., & Clay, K. J. J. o. M. E. (2013). Effects of infection by Arsenophonus and Rickettsia 
bacteria on the locomotive ability of the ticks Amblyomma americanum, Dermacentor 
variabilis, and Ixodes scapularis. 50(1), 155-162.  

Kalmár, Z., Cozma, V., Sprong, H., Jahfari, S., D’Amico, G., Mărcuțan, D. I., . . . Mihalca, A. D. 
(2015). Transstadial Transmission of Borrelia turcica in Hyalomma aegyptium Ticks. PloS 
One, 10(2), e0115520. https://doi.org/10.1371/journal.pone.0115520  

Keirans, J. E., & Durden, L. A. (2005). Tick systematics and identification. Tick‐Borne Diseases of 
Humans, 123-140.  

Klimpel, S., & Mehlhorn, H. (2016). Bats (Chiroptera) as vectors of diseases and parasites. 
Springer.  

Klindworth, A., Pruesse, E., Schweer, T., Peplies, J., Quast, C., Horn, M., & Glockner, F. O. (2013). 
Evaluation of general 16S ribosomal RNA gene PCR primers for classical and next-
generation sequencing-based diversity studies. Nucleic Acids Research, 41(1), e1. 
https://doi.org/https://doi.org/10.1093/nar/gks808  

Kotsilkov, K., Popova, C., Boyanova, L., Setchanova, L., & Mitov, I. (2015). Comparison of culture 
method and real-time PCR for detection of putative periodontopathogenic bacteria in 

https://doi.org/https:/doi.org/10.1016/S0065-308X(08)60563-1
https://doi.org/https:/doi.org/10.1016/S0065-308X(08)60563-1
https://doi.org/10.3201/eid0802.010141
https://emea.illumina.com/content/dam/illumina-support/documents/documentation/chemistry_documentation/16s/16s-metagenomic-library-prep-guide-15044223-b.pdf
https://emea.illumina.com/content/dam/illumina-support/documents/documentation/chemistry_documentation/16s/16s-metagenomic-library-prep-guide-15044223-b.pdf
https://emea.illumina.com/content/dam/illumina-support/documents/documentation/chemistry_documentation/16s/16s-metagenomic-library-prep-guide-15044223-b.pdf
https://support.illumina.com/content/dam/illumina-support/documents/documentation/chemistry_documentation/samplepreps_nextera/nextera-xt/nextera-xt-library-prep-reference-guide-15031942-05.pdf
https://support.illumina.com/content/dam/illumina-support/documents/documentation/chemistry_documentation/samplepreps_nextera/nextera-xt/nextera-xt-library-prep-reference-guide-15031942-05.pdf
https://support.illumina.com/content/dam/illumina-support/documents/documentation/chemistry_documentation/samplepreps_nextera/nextera-xt/nextera-xt-library-prep-reference-guide-15031942-05.pdf
https://doi.org/10.12968/vetn.2019.10.1.33
https://doi.org/10.1017/s0031182004005967
https://doi.org/10.1371/journal.pone.0115520
https://doi.org/https:/doi.org/10.1093/nar/gks808


 

48 

 

deep periodontal pockets. Biotechnology & Biotechnological Equipment, 29(5), 996-
1002. https://doi.org/10.1080/13102818.2015.1058188  

Kuleš, J., Potocnakova, L., Bhide, K., Tomassone, L., Fuehrer, H.-P., Horvatić, A., . . . Bhide, M. 
(2017). The Challenges and Advances in Diagnosis of Vector-Borne Diseases: Where Do 
We Stand? Vector-Borne and Zoonotic Diseases, 17(5), 285-296. 
https://doi.org/10.1089/vbz.2016.2074  

Kuno, G., & Chang, G.-J. J. (2005). Biological transmission of arboviruses: reexamination of and 
new insights into components, mechanisms, and unique traits as well as their 
evolutionary trends. Clinical Microbiology Reviews, 18(4), 608-637.  

Kurtti, T. J., Felsheim, R. F., Burkhardt, N. Y., Oliver, J. D., Heu, C. C., & Munderloh, U. G. (2015). 
Rickettsia buchneri sp. nov., a rickettsial endosymbiont of the blacklegged tick Ixodes 
scapularis. 65(Pt_3), 965-970. https://doi.org/https://doi.org/10.1099/ijs.0.000047  

Kurtti, T. J., Munderloh, U. G., Andreadis, T. G., Magnarelli, L. A., & Mather, T. N. (1996). Tick Cell 
Culture Isolation of an Intracellular Prokaryote from the TickIxodes scapularis. Journal of 
Invertebrate Pathology, 67(3), 318-321. 
https://doi.org/https://doi.org/10.1006/jipa.1996.0050  

Kurtti, T. J., Palmer, A. T., & Oliver, J. H. (2002). Rickettsiella-like Bacteria in Ixodes woodi (Acari: 
Ixodidae). Journal of Medical Entomology, 39(3), 534-540. 
https://doi.org/10.1603/0022-2585-39.3.534 %J Journal of Medical Entomology  

Lalzar, I., Harrus, S., Mumcuoglu, K. Y., & Gottlieb, Y. (2012). Composition and seasonal variation 
of Rhipicephalus turanicus and Rhipicephalus sanguineus bacterial communities. Applied 
environmental microbiology, 78(12), 4110-4116.  

Leclerque, A., Hartelt, K., Schuster, C., Jung, K., & Kleespies, R. G. (2011). Multilocus sequence 
typing (MLST) for the infra-generic taxonomic classification of entomopathogenic 
Rickettsiella bacteria. FEMS Microbiology Letters, 324(2), 125-134. 
https://doi.org/10.1111/j.1574-6968.2011.02396.x %J FEMS Microbiology Letters  

Leonard, D. (2014). Bovine TB controls. The Veterinary Record, 174(21), 535.  
Lozupone, C., & Knight, R. (2005). UniFrac: a New Phylogenetic Method for Comparing Microbial 

Communities. Applied and Environmental Microbiology, 71(12), 8228-8235. 
https://doi.org/10.1128/AEM.71.12.8228-8235.2005  

Machado-Ferreira, E., Dietrich, G., Hojgaard, A., Levin, M., Piesman, J., Zeidner, N. S., & Soares, 
C. A. (2011). Coxiella symbionts in the Cayenne tick Amblyomma cajennense. Microbial 
Ecology in Health and Disease, 62(1), 134-142. 
https://doi.org/https://doi.org/10.1007/s00248-011-9868-x  

Maggi, R. G., Mascarelli, P. E., Havenga, L. N., Naidoo, V., & Breitschwerdt, E. B. (2013). Co-
infection with Anaplasma platys, Bartonella henselae and Candidatus Mycoplasma 
haematoparvum in a veterinarian. Parasites & Vectors, 6(1), 1-10. 
https://doi.org/https://doi.org/10.1186/1756-3305-6-103  

Mandal, R. K., Jiang, T., Al-Rubaye, A. A., Rhoads, D. D., Wideman, R. F., Zhao, J., . . . Kwon, Y. M. 
J. S. r. (2016). An investigation into blood microbiota and its potential association with 
Bacterial Chondronecrosis with Osteomyelitis (BCO) in Broilers. 6(1), 1-11.  

Manzano-Román, R., Díaz-Martín, V., de la Fuente, J., & Pérez-Sánchez, R. (2012). Soft ticks as 
pathogen vectors: distribution, surveillance and control. Parasitology, 7, 125-162.  

Márquez-Jiménez, F. J., Hidalgo-Pontiveros, A., Contreras-Chova, F., Jesús Rodríguez-Liébana, J., 
& Ángel Muniain-Ezcurra, M. (2005). Las garrapatas (Acarina: Ixodida) como 
transmisores y reservorios de microorganismos patógenos en España. Enfermedades 
Infecciosas y Microbiología Clínica, 23(2), 94-102. 
https://doi.org/https://doi.org/10.1157/13071613  

https://doi.org/10.1080/13102818.2015.1058188
https://doi.org/10.1089/vbz.2016.2074
https://doi.org/https:/doi.org/10.1099/ijs.0.000047
https://doi.org/https:/doi.org/10.1006/jipa.1996.0050
https://doi.org/10.1603/0022-2585-39.3.534
https://doi.org/10.1111/j.1574-6968.2011.02396.x
https://doi.org/10.1128/AEM.71.12.8228-8235.2005
https://doi.org/https:/doi.org/10.1007/s00248-011-9868-x
https://doi.org/https:/doi.org/10.1186/1756-3305-6-103
https://doi.org/https:/doi.org/10.1157/13071613


 

49 

 

Matsuura, Y., Kikuchi, Y., Meng Xian, Y., Koga, R., & Fukatsu, T. (2012). Novel Clade of 
Alphaproteobacterial Endosymbionts Associated with Stinkbugs and Other Arthropods. 
Applied and Environmental Microbiology, 78(12), 4149-4156. 
https://doi.org/10.1128/AEM.00673-12  

McCoy, K. D., Léger, E., & Dietrich, M. (2013). Host specialization in ticks and transmission of tick-
borne diseases: a review. Frontiers in cellular and infection microbiology, 3, 57.  

McDonald, D., Price, M. N., Goodrich, J., Nawrocki, E. P., DeSantis, T. Z., Probst, A., . . . 
Hugenholtz, P. (2012). An improved Greengenes taxonomy with explicit ranks for 
ecological and evolutionary analyses of bacteria and archaea. The ISME Journal, 6(3), 
610-618. https://doi.org/https://doi.org/10.1038/ismej.2011.139  

Mehlhorn, H. (2016). Ectoparasites (Arthropods: Acari, Insecta, Crustacea). In Animal Parasites 
(pp. 499-662). Springer.  

Menchaca, A. C., Visi, D. K., Strey, O. F., Teel, P. D., Kalinowski, K., Allen, M. S., & Williamson, P. 
C. J. P. o. (2013). Preliminary assessment of microbiome changes following blood-feeding 
and survivorship in the Amblyomma americanum nymph-to-adult transition using 
semiconductor sequencing. 8(6), e67129.  

Milstrey, E. G. (1987). Bionomics and ecology of Ornithodoros (P.) turicata americanus 
(Marx)(Ixodoidea: Argasidae) and other commensal invertebrates present in the burrows 
of the gopher tortoise, Gopherus polyphemus Daudin University of Florida].  

Moeller, A. H., Caro-Quintero, A., Mjungu, D., Georgiev, A. V., Lonsdorf, E. V., Muller, M. N., . . . 
Ochman, H. J. S. (2016). Cospeciation of gut microbiota with hominids. 353(6297), 380-
382.  

Molina, D. K., DiMaio, V. J. J. T. A. j. o. f. m., & pathology. (2012). Normal organ weights in men: 
part I—the heart. 33(4), 362-367.  

Morafka, D. J. (1977). A historical biogeography of the Chihuahuan herpetofauna. In A 
Biogeographical Analysis of the Chihuahuan Desert through its Herpetofauna (pp. 159-
215). Springer.  

Moran, N. A., McCutcheon, J. P., & Nakabachi, A. (2008). Genomics and evolution of heritable 
bacterial symbionts. Annual Review of Genetics, 42, 165-190.  

Moreno, C. X., Moy, F., Daniels, T. J., Godfrey, H. P., & Cabello, F. C. (2006). Molecular analysis of 
microbial communities identified in different developmental stages of Ixodes scapularis 
ticks from Westchester and Dutchess Counties, New York 
[https://doi.org/10.1111/j.1462-2920.2005.00955.x]. Environmental Microbiology, 8(5), 
761-772. https://doi.org/https://doi.org/10.1111/j.1462-2920.2005.00955.x  

Moriyama, K., Ando, C., Tashiro, K., Kuhara, S., Okamura, S., Nakano, S., . . . Hirakawa, H. (2008). 
Polymerase chain reaction detection of bacterial 16S rRNA gene in human blood. 
Microbiology and Immunology, 52(7), 375-382. https://doi.org/10.1111/j.1348-
0421.2008.00048.x  

Mühldorfer, K. J. Z., & health, p. (2013). Bats and bacterial pathogens: a review. 60(1), 93-103.  
Mutz, I. (2009). Las infecciones emergentes transmitidas por garrapatas. Annales Nestlé (Ed. 

española), 67(3), 123-134.  
Najm, N.-A., Silaghi, C., Bell-Sakyi, L., Pfister, K., & Passos, L. M. F. (2012). Detection of bacteria 

related to Candidatus Midichloria mitochondrii in tick cell lines. Parasitology Research, 
110(1), 437-442. https://doi.org/10.1007/s00436-011-2509-y  

Narasimhan, S., Rajeevan, N., Liu, L., Zhao, Y. O., Heisig, J., Pan, J., . . . Fikrig, E. (2014). Gut 
microbiota of the tick vector Ixodes scapularis modulate colonization of the Lyme disease 
spirochete. Cell Host & Microbe, 15(1), 58-71. 
https://doi.org/https://doi.org/10.1016/j.chom.2013.12.001  

https://doi.org/10.1128/AEM.00673-12
https://doi.org/https:/doi.org/10.1038/ismej.2011.139
https://doi.org/10.1111/j.1462-2920.2005.00955.x
https://doi.org/https:/doi.org/10.1111/j.1462-2920.2005.00955.x
https://doi.org/10.1111/j.1348-0421.2008.00048.x
https://doi.org/10.1111/j.1348-0421.2008.00048.x
https://doi.org/10.1007/s00436-011-2509-y
https://doi.org/https:/doi.org/10.1016/j.chom.2013.12.001


 

50 

 

Nicholson, W. L., Sonenshine, D. E., Noden, B. H., & Brown, R. N. (2019). Ticks (Ixodida). In 
Medical and Veterinary Entomology (pp. 603-672). Elsevier.  

Niebylski, M. L., Peacock, M. G., Fischer, E. R., Porcella, S. F., Schwan, T. G. J. A., & Microbiology, 
E. (1997). Characterization of an endosymbiont infecting wood ticks, Dermacentor 
andersoni, as a member of the genus Francisella. 63(10), 3933-3940.  

Nikkari, S., McLaughlin, I. J., Bi, W., Dodge, D. E., & Relman, D. A. (2001). Does blood of healthy 
subjects contain bacterial ribosomal DNA? Journal of Clinical Microbiology, 39(5), 1956-
1959.  

Nováková, E., Hypša, V., & Moran, N. A. (2009). Arsenophonus, an emerging clade of intracellular 
symbionts with a broad host distribution. BMC Microbiology, 9(1), 143. 
https://doi.org/10.1186/1471-2180-9-143  

Obenchain, F. D., & Galun, R. (2013). Physiology of ticks: current themes in tropical science. 
Elsevier.  

ØDegaard, F. (2000). How many species of arthropods? Erwin's estimate revised. Biological 
Journal of the Linnean Society, 71(4), 583-597.  

Ojeda-Chi, M. M., Rodriguez-Vivas, R. I., Esteve-Gasent, M. D., Perez de Leon, A. A., Modarelli, J. 
J., & Villegas-Perez, S. L. (2019). Ticks infesting dogs in rural communities of Yucatan, 
Mexico and molecular diagnosis of rickettsial infection. Transboundary and Emerging 
Diseases, 66(1), 102-110. https://doi.org/10.1111/tbed.12990  

Oliver, K. M., Degnan, P. H., Burke, G. R., & Moran, N. A. J. A. r. o. e. (2010). Facultative symbionts 
in aphids and the horizontal transfer of ecologically important traits. 55, 247-266.  

Omondi, D., Masiga, D. K., Fielding, B. C., Kariuki, E., Ajamma, Y. U., Mwamuye, M. M., . . . 
Villinger, J. (2017). Molecular Detection of Tick-Borne Pathogen Diversities in Ticks from 
Livestock and Reptiles along the Shores and Adjacent Islands of Lake Victoria and Lake 
Baringo, Kenya [Original Research]. Frontiers in Veterinary Science, 4. 
https://www.frontiersin.org/articles/10.3389/fvets.2017.00073  

Ortega-Morales, A. I., Nava-Reyna, E., Avila-Rodriguez, V., Gonzalez-Alvarez, V. H., Castillo-
Martinez, A., Siller-Rodriguez, Q. K., . . . Almazan, C. (2019). Detection of Rickettsia spp. 
in Rhipicephalus sanguineus (sensu lato) collected from free-roaming dogs in Coahuila 
state, northern Mexico. Parasit Vectors, 12(1), 130. 
https://doi.org/https://doi.org/10.1186/s13071-019-3377-z  

Otranto, D., Dantas-Torres, F., Brianti, E., Traversa, D., Petrić, D., Genchi, C., & Capelli, G. (2013). 
Vector-borne helminths of dogs and humans in Europe. Parasites & Vectors, 6(1), 16. 
https://doi.org/10.1186/1756-3305-6-16  

Otranto, D., Huchet, J.-B., Giannelli, A., Callou, C., & Dantas-Torres, F. (2014). The enigma of the 
dog mummy from Ancient Egypt and the origin of ‘Rhipicephalus sanguineus’. Parasites 
& Vectors, 7(1), 2. https://doi.org/10.1186/1756-3305-7-2  

Païssé, S., Valle, C., Servant, F., Courtney, M., Burcelin, R., Amar, J., & Lelouvier, B. (2016). 
Comprehensive description of blood microbiome from healthy donors assessed by 16 S 
targeted metagenomic sequencing. Transfusion (Paris), 56(5), 1138-1147. 
https://doi.org/https://doi.org/10.1111/trf.13477  

Papa, A., Tsioka, K., Kontana, A., Papadopoulos, C., & Giadinis, N. (2017). Bacterial pathogens and 
endosymbionts in ticks. Ticks and Tick-Borne Diseases, 8(1), 31-35. 
https://doi.org/10.1016/j.ttbdis.2016.09.011  

Perlman, S. J., Hunter, M. S., & Zchori-Fein, E. (2006). The emerging diversity of Rickettsia. 
Proceedings of the Royal Society B: Biological Sciences, 273(1598), 2097-2106. 
https://doi.org/10.1098/rspb.2006.3541  

https://doi.org/10.1186/1471-2180-9-143
https://doi.org/10.1111/tbed.12990
https://www.frontiersin.org/articles/10.3389/fvets.2017.00073
https://doi.org/https:/doi.org/10.1186/s13071-019-3377-z
https://doi.org/10.1186/1756-3305-6-16
https://doi.org/10.1186/1756-3305-7-2
https://doi.org/https:/doi.org/10.1111/trf.13477
https://doi.org/10.1016/j.ttbdis.2016.09.011
https://doi.org/10.1098/rspb.2006.3541


 

51 

 

Pinaud, S., Portela, J., Duval, D., Nowacki, F. C., Olive, M.-A., Allienne, J.-F., . . . Mitta, G. (2016). 
A shift from cellular to humoral responses contributes to innate immune memory in the 
vector snail Biomphalaria glabrata. PLoS Pathogens, 12(1), e1005361.  

Plantard, O., Bouju-Albert, A., Malard, M.-A., Hermouet, A., Capron, G., & Verheyden, H. (2012). 
Detection of Wolbachia in the tick Ixodes ricinus is due to the presence of the 
hymenoptera endoparasitoid Ixodiphagus hookeri. PloS One, 7(1), e30692.  

Polanco-Echeverry, D. N., & Ríos-Osorio, L. A. (2016). Aspectos biológicos y ecológicos de las 
garrapatas duras. Ciencia y Tecnología Agropecuaria, 17, 81-95. 
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0122-
87062016000100008&nrm=iso  

Pospelova-Shtrom, M. V. (1969). On the system of classification of ticks of the family Argasidae. 
Acarologia, 11(1), 1-22.  

Prevention., C. f. D. C. a. (2019). Rocky Mountain Spotted Fever (RMSF) - Epidemiology and 
Statistics. Retrieved 07/05/2019 from https://www.cdc.gov/rmsf/stats/index.html 

Qin, J., Li, R., Raes, J., Arumugam, M., Burgdorf, K. S., Manichanh, C., . . . Yamada, T. J. n. (2010). 
A human gut microbial gene catalogue established by metagenomic sequencing. 
464(7285), 59-65.  

Qiu, Y., Nakao, R., Ohnuma, A., Kawamori, F., & Sugimoto, C. (2014). Microbial population 
analysis of the salivary glands of ticks; a possible strategy for the surveillance of bacterial 
pathogens. PloS One, 9(8), e103961. https://doi.org/10.1371/journal.pone.0103961  

Rawlings, J. A. (1995). An overview of tick-borne relapsing fever with emphasis on outbreaks in 
Texas. Texas Medicine, 91(5), 56-59. http://europepmc.org/abstract/MED/7778052  

Rynkiewicz, E. C., Hemmerich, C., Rusch, D. B., Fuqua, C., & Clay, K. (2015). Concordance of 
bacterial communities of two tick species and blood of their shared rodent host. 
Molecular Ecology, 24(10), 2566-2579.  

Rzedowski, J. (2006). Vegetación de México. 1ra. Edición digital, Comisión Nacional para el 
Conocimiento y Uso de la Biodiversidad, México, 504.  

Sassera, D., Lo, N., Epis, S., D'Auria, G., Montagna, M., Comandatore, F., . . . Evolution. (2011). 
Phylogenomic evidence for the presence of a flagellum and cbb 3 oxidase in the free-
living mitochondrial ancestor. 28(12), 3285-3296.  

Scoles, G. A. (2004). Phylogenetic Analysis of the Francisella-like Endosymbionts of Dermacentor 
Ticks. Journal of Medical Entomology, 41(3), 277-286. https://doi.org/10.1603/0022-
2585-41.3.277 %J Journal of Medical Entomology  

Segata, N., Boernigen, D., Tickle, T. L., Morgan, X. C., Garrett, W. S., & Huttenhower, C. J. M. s. b. 
(2013). Computational meta'omics for microbial community studies. 9(1), 666.  

Segata, N., Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W. S., & Huttenhower, C. 
(2011). Metagenomic biomarker discovery and explanation. Genome Biology, 12(6), R60. 
https://doi.org/10.1186/gb-2011-12-6-r60  

SEMARNAT. (2010). NORMA Oficial Mexicana NOM-059-SEMARNAT-2010, Protección 
ambiental-Especies nativas de México de flora y fauna silvestres-Categorías de riesgo y 
especificaciones para su inclusión, exclusión o cambio-Lista de especies en riesgo.: Diario 
oficial Retrieved from 
http://www.profepa.gob.mx/innovaportal/file/435/1/NOM_059_SEMARNAT_2010.pdf 

Simner, P. J., Miller, S., & Carroll, K. C. (2018). Understanding the promises and hurdles of 
metagenomic next-generation sequencing as a diagnostic tool for infectious diseases. 
Clinical Infectious Diseases, 66(5), 778-788.  

Široký, P., Bělohlávek, T., Papoušek, I., Jandzik, D., Mikulíček, P., Kubelová, M., & Zdražilová-
Dubská, L. (2014). Hidden threat of tortoise ticks: high prevalence of Crimean-Congo 

http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0122-87062016000100008&nrm=iso
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0122-87062016000100008&nrm=iso
https://www.cdc.gov/rmsf/stats/index.html
https://doi.org/10.1371/journal.pone.0103961
http://europepmc.org/abstract/MED/7778052
https://doi.org/10.1603/0022-2585-41.3.277
https://doi.org/10.1603/0022-2585-41.3.277
https://doi.org/10.1186/gb-2011-12-6-r60
http://www.profepa.gob.mx/innovaportal/file/435/1/NOM_059_SEMARNAT_2010.pdf


 

52 

 

haemorrhagic fever virus in ticks Hyalomma aegyptium in the Middle East. Parasites & 
Vectors, 7(1), 101. https://doi.org/10.1186/1756-3305-7-101  

Sjödin, A., Svensson, K., Öhrman, C., Ahlinder, J., Lindgren, P., Duodu, S., . . . Forsman, M. J. B. g. 
(2012). Genome characterisation of the genus Francisella reveals insight into similar 
evolutionary paths in pathogens of mammals and fish. 13(1), 1-13.  

Smith, A. H., Łukasik, P., O'Connor, M. P., Lee, A., Mayo, G., Drott, M. T., . . . Messina, A. (2015a). 
Patterns, causes and consequences of defensive microbiome dynamics across multiple 
scales. Molecular Ecology, 24(5), 1135-1149.  

Smith, T., & Kilborne, F. L. (1893). Investigations into the nature, causation, and prevention of 
Texas or southern cattle fever. US Department of Agriculture, Bureau of Animal Industry.  

Smith, T. A., Driscoll, T., Gillespie, J. J., & Raghavan, R. (2015b). A Coxiella-like endosymbiont is a 
potential vitamin source for the Lone Star tick. Genome biology evolution, 7(3), 831-838. 
https://doi.org/https://doi.org/10.1093/gbe/evv016  

Sonenshine, D. E., & Roe, R. M. (2013). Biology of ticks volume 2 (Vol. 2). Oxford University Press.  
Stefanini, A., & Duron, O. J. J. o. E. B. (2012). Exploring the effect of the Cardinium endosymbiont 

on spiders. 25(8), 1521-1530.  
Steiner, F. E., Pinger, R. R., Vann, C. N., Grindle, N., Civitello, D., Clay, K., & Fuqua, C. (2008). 

Infection and Co-infection Rates of Anaplasma phagocytophilum Variants, Babesia spp., 
Borrelia burgdorferi, and the Rickettsial Endosymbiont in Ixodes scapularis (Acari: 
Ixodidae) from Sites in Indiana, Maine, Pennsylvania, and Wisconsin. Journal of Medical 
Entomology, 45(2), 289-297. https://doi.org/10.1093/jmedent/45.2.289  

Tedeschi, G., Amici, D., & Paparelli, M. J. N. (1969). Incorporation of nucleosides and amino-acids 
in human erythrocyte suspensions: possible relation with a diffuse infection of 
mycoplasms or bacteria in the L form. 222(5200), 1285-1286.  

Tinoco-Gracia, L., Lomeli, M. R., Hori-Oshima, S., Stephenson, N., & Foley, J. (2018). Molecular 
Confirmation of Rocky Mountain Spotted Fever Epidemic Agent in Mexicali, Mexico. 
Emerging Infectious Diseases, 24(9), 1723-1725. 
https://doi.org/10.3201/eid2409.171523  

Toju, H., Tanabe, A. S., Notsu, Y., Sota, T., & Fukatsu, T. (2013). Diversification of endosymbiosis: 
replacements, co-speciation and promiscuity of bacteriocyte symbionts in weevils. The 
ISME Journal, 7(7), 1378-1390. https://doi.org/10.1038/ismej.2013.27  

Tsuchida, T., Koga, R., Fujiwara, A., & Fukatsu, T. (2014). Phenotypic Effect of “Candidatus 
Rickettsiella viridis,” a Facultative Symbiont of the Pea Aphid (Acyrthosiphon pisum), and 
Its Interaction with a Coexisting Symbiont. Applied and Environmental Microbiology, 
80(2), 525-533. https://doi.org/10.1128/AEM.03049-13  

Tsuchida, T., Koga, R., Horikawa, M., Tsunoda, T., Maoka, T., Matsumoto, S., . . . Fukatsu, T. 
(2010). Symbiotic Bacterium Modifies Aphid Body Color. Science, 330(6007), 1102-1104. 
https://doi.org/10.1126/science.1195463  

Tully, J. G., Rose, D. L., Yunker, C. E., Carle, P., Bové, J. M., Williamson, D. L., & Whitcomb, R. F. 
(1995). Spiroplasma ixodetis sp. nov., a New Species from Ixodes pacificus Ticks Collected 
in Oregon. 45(1), 23-28. https://doi.org/https://doi.org/10.1099/00207713-45-1-23  

Turnbaugh, P. J., Hamady, M., Yatsunenko, T., Cantarel, B. L., Duncan, A., Ley, R. E., . . . Affourtit, 
J. P. J. n. (2009). A core gut microbiome in obese and lean twins. 457(7228), 480-484.  

Ursell, L. K., Metcalf, J. L., Parfrey, L. W., & Knight, R. (2012). Defining the human microbiome. 
Nutrition Reviews, 70(suppl_1), S38-S44. https://doi.org/10.1111/j.1753-
4887.2012.00493.x  

Van den Broek, A. H. M., Huntley, J. F., Halliwell, R. E. W., Machell, J., Taylor, M., & Miller, H. R. 
P. (2003). Cutaneous hypersensitivity reactions to Psoroptes ovis and Der p 1 in sheep 

https://doi.org/10.1186/1756-3305-7-101
https://doi.org/https:/doi.org/10.1093/gbe/evv016
https://doi.org/10.1093/jmedent/45.2.289
https://doi.org/10.3201/eid2409.171523
https://doi.org/10.1038/ismej.2013.27
https://doi.org/10.1128/AEM.03049-13
https://doi.org/10.1126/science.1195463
https://doi.org/https:/doi.org/10.1099/00207713-45-1-23
https://doi.org/10.1111/j.1753-4887.2012.00493.x
https://doi.org/10.1111/j.1753-4887.2012.00493.x


 

53 

 

previously infested with P. ovis—the sheep scab mite. Veterinary Immunology and 
Immunopathology, 91(2), 105-117.  

Vayssier-Taussat, M., Kazimirova, M., Hubalek, Z., Hornok, S., Farkas, R., Cosson, J.-F., . . . Mihalca, 
A. D. (2015). Emerging horizons for tick-borne pathogens: from the ‘one pathogen–one 
disease’vision to the pathobiome paradigm. Future Microbiology, 10(12), 2033-2043.  

Vazquez-Baeza, Y., Pirrung, M., Gonzalez, A., & Knight, R. (2013). EMPeror: a tool for visualizing 
high-throughput microbial community data. Gigascience, 2(1), 16. 
https://doi.org/10.1186/2047-217x-2-16  

Venzal, J. M., Estrada-Peña, A., Portillo, A., Mangold, A. J., Castro, O., de Souza, C. G., . . . Oteo, J. 
A. (2007). Detection of Alpha and Gamma-Proteobacteria in Amblyomma triste (Acari: 
Ixodidae) from Uruguay. Experimental and Applied Acarology, 44(1), 49. 
https://doi.org/10.1007/s10493-007-9126-6  

Verwoerd, D. W. (2015). Definition of a vector and a vector-borne disease. Revue scientifique et 
technique (International Office of Epizootics), 34(1), 29-39.  

Vial, L. (2009). Biological and ecological characteristics of soft ticks (Ixodida: Argasidae) and their 
impact for predicting tick and associated disease distribution. Parasite, 16(3), 191-202.  

Vila, A., Estrada-Peña, A., Altet, L., Cusco, A., Dandreano, S., Francino, O., . . . Roura, X. (2019). 
Endosymbionts carried by ticks feeding on dogs in Spain. Ticks tick-borne diseases, 10(4), 
848-852. https://doi.org/https://doi.org/10.1016/j.ttbdis.2019.04.003  

Vilà, C., Savolainen, P., Maldonado, J. E., Amorim, I. R., Rice, J. E., Honeycutt, R. L., . . . Wayne, R. 
K. (1997). Multiple and Ancient Origins of the Domestic Dog. Science, 276(5319), 1687-
1689. https://doi.org/10.1126/science.276.5319.1687  

Wade, W. (2002). Unculturable bacteria—the uncharacterized organisms that cause oral 
infections. Journal of the Royal Society of Medicine, 95(2), 81-83.  

Waladde, S. M., & Rice, M. J. (1982). CHAPTER 3 - The Sensory Basis of Tick Feeding Behaviour. 
In F. D. Obenchain & R. Galun (Eds.), Physiology of Ticks (pp. 71-118). Pergamon. 
https://doi.org/https://doi.org/10.1016/B978-0-08-024937-7.50008-1  

Walker, J. B., Keirans, J. E., & Horak, I. G. (2005). The genus Rhipicephalus (Acari, Ixodidae): a 
guide to the brown ticks of the world. Cambridge University Press.  

Wall, R. L., & Shearer, D. (2008). Veterinary ectoparasites: biology, pathology and control. John 
Wiley & Sons.  

Weinert, L. A., Tinsley, M. C., Temperley, M., & Jiggins, F. M. (2007). Are we underestimating the 
diversity and incidence of insect bacterial symbionts? A case study in ladybird beetles. 
Biology Letters, 3(6), 678-681. https://doi.org/10.1098/rsbl.2007.0373  

Weinert, L. A., Werren, J. H., Aebi, A., Stone, G. N., & Jiggins, F. M. (2009). Evolution and diversity 
of Rickettsiabacteria. BMC Biology, 7(1), 6. https://doi.org/10.1186/1741-7007-7-6  

Weiss, S., Xu, Z. Z., Peddada, S., Amir, A., Bittinger, K., Gonzalez, A., . . . Knight, R. (2017). 
Normalization and microbial differential abundance strategies depend upon data 
characteristics [journal article]. Microbiome, 5(1), 27. https://doi.org/10.1186/s40168-
017-0237-y  

Wernegreen, J. J. (2012). Endosymbiosis. Current Biology, 22(14), R555-R561.  
WHO. (2014). A global brief on vector-borne diseases.  
Williams-Newkirk, A. J., Rowe, L. A., Mixson-Hayden, T. R., & Dasch, G. A. J. P. o. (2014). 

Characterization of the bacterial communities of life stages of free living lone star ticks 
(Amblyomma americanum). 9(7), e102130.  

Wilson, A. J., Morgan, E. R., Booth, M., Norman, R., Perkins, S. E., Hauffe, H. C., . . . Fenton, A. 
(2017). What is a vector? Philosophical Transactions of the Royal Society B: Biological 
Sciences, 372(1719), 20160085.  

https://doi.org/10.1186/2047-217x-2-16
https://doi.org/10.1007/s10493-007-9126-6
https://doi.org/https:/doi.org/10.1016/j.ttbdis.2019.04.003
https://doi.org/10.1126/science.276.5319.1687
https://doi.org/https:/doi.org/10.1016/B978-0-08-024937-7.50008-1
https://doi.org/10.1098/rsbl.2007.0373
https://doi.org/10.1186/1741-7007-7-6
https://doi.org/10.1186/s40168-017-0237-y
https://doi.org/10.1186/s40168-017-0237-y


 

54 

 

Yoon, S.-H., Ha, S.-M., Kwon, S., Lim, J., Kim, Y., Seo, H., & Chun, J. (2017). Introducing EzBioCloud: 
a taxonomically united database of 16S rRNA gene sequences and whole-genome 
assemblies. International Journal of Systematic and Evolutionary Microbiology, 67(5), 
1613-1617. https://doi.org/10.1099/ijsem.0.001755  

Zchori-Fein, E., & Bourtzis, K. (2011). Manipulative tenants: bacteria associated with arthropods. 
CRC press.  

Zemtsova, G. E., Gleim, E., Yabsley, M. J., Conner, L. M., Mann, T., Brown, M. D., . . . Levin, M. L. 
(2012). Detection of a Novel Spotted Fever Group Rickettsia in the Gophertortoise Tick. 
Journal of Medical Entomology, 49(3), 783-786. https://doi.org/10.1603/ME11264  

Zhang, X.-C., Yang, Z.-N., Lu, B., Ma, X.-F., Zhang, C.-X., Xu, H.-J. J. T., & diseases, t.-b. (2014). The 
composition and transmission of microbiome in hard tick, Ixodes persulcatus, during 
blood meal. 5(6), 864-870.  

Zheng, H., Li, A. Y., Teel, P. D., Pérez de León, A. A., Seshu, J., & Liu, J. (2015). Biological and 
physiological characterization of in vitro blood feeding in nymph and adult stages of 
Ornithodoros turicata (Acari: Argasidae). Journal of Insect Physiology, 75, 73-79. 
https://doi.org/https://doi.org/10.1016/j.jinsphys.2015.03.005  

Zhong, J., Jasinskas, A., & Barbour, A. G. J. P. o. (2007). Antibiotic treatment of the tick vector 
Amblyomma americanum reduced reproductive fitness. 2(5), e405.  

Zolnik, C. P., Prill, R. J., Falco, R. C., Daniels, T. J., & Kolokotronis, S. O. (2016). Microbiome changes 
through ontogeny of a tick pathogen vector. Molecular Ecology Notes, 25(19), 4963-
4977. https://doi.org/https://doi.org/10.1111/mec.13832  

Zug, R., & Hammerstein, P. (2012). Still a Host of Hosts for Wolbachia: Analysis of Recent Data 
Suggests That 40% of Terrestrial Arthropod Species Are Infected. PloS One, 7(6), e38544. 
https://doi.org/10.1371/journal.pone.0038544  

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1099/ijsem.0.001755
https://doi.org/10.1603/ME11264
https://doi.org/https:/doi.org/10.1016/j.jinsphys.2015.03.005
https://doi.org/https:/doi.org/10.1111/mec.13832
https://doi.org/10.1371/journal.pone.0038544


 

55 

 

 

 

 

 

 

 

 

 

 

5. GENERAL MATERIALS AND 

METHODS 

 

  

 

UNIVERSIDAD AUTÓNOMA CHAPINGO 
Unidad Regional Universitaria de Zonas Áridas 

 
Doctorado de Ciencias en Recursos Naturales y Medio Ambiente en Zonas Áridas 



 

56 

 

5.1 Study areas 

The Lagunera region is located in the North Central part of the United Mexican 

States, within the biogeographic region known as the Chihuahuan Desert, at the 

confluence of the states of Coahuila and Durango at the coordinates (103° 13' 42” 

west, 25° 31 ' 41” north, at an altitude of 1,100 m). It is made up of 15 

municipalities, 10 of them from the state of Durango and 5 from the state of 

Coahuila (Figure 3). The climate is arid, the average temperature is 19 °C with an 

annual average rainfall of 250 mm, which occurs mainly from May to July 

(Escareño Sánchez et al., 2011).           

Figure 3. Location map of the study area, within the metropolitan area of the 
Comarca Lagunera, the green dots indicate the municipalities where the sampling 
was carried out. 

 

The Mapimí Biosphere Reserve has an approximate area of 342,388 ha and is 

located within the region known as Bolsón de Mapimí (Figure 4). It comprises part 

of the municipalities of Tlahualilo and Mapimí in the State of Durango, Jiménez in 
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Chihuahua and Sierra Mojada in Coahuila (26° 00' and 26° 10' N and 104° 10' 

and 103° 20' W; Table 4) at an average altitude above sea level of between 1,000 

and 1,200 m in the lower parts and 2,000 m on the tops of the highest hills 

(CONANP, 2006). The average annual temperature is 25.5°C (García & Martínez, 

2004). According to the Köppen classification, adapted for Mexico by García 

(2004), the climate of the area corresponds to the BWhw(e) type, very arid, semi-

warm, with summer rains and extreme thermal amplitude, with an average 

historical precipitation of 145.9 mm. (1993-2003). The predominant vegetation is 

rosetophilous and microphyllous scrub, as well as halophytic and gypsophilous 

vegetation (Rzedowski, 2006). The predominant soils are of the yermosol, 

regosol, xerosol, litosol, solonchack and fluvisol type (García & Martínez, 2004).  

 

             

Figure 4. Location of the study area (Mapimí Biosphere Reserve) 
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5.2 Dog sampling sites 

the study was carried out with individuals who live in the urbanized areas of the 

Comarca Lagunera (Torreón, Matamoros, Gómez Palacio; as well as areas 

surrounding the Biosphere Reserve (Bermejillo and Tlahualilo). These are areas 

specially selected due to the prevalence of TBD and the high abundance of stray 

dogs, the dogs with owners and without owners were included. The type of 

sampling was random.  

5.3 Tortoise sampling sites 

The tortoises that were part of this study were captured in the towns of La Flor, 

Guadalupe, San Ignacio and Mohovano that are located within the Mapimi 

Biosphere Reserve. Transects of 1 km in length were carried out from 0900 to 

1300 h and from 1700 to 2100 h to capture individuals. 

5.4 People Sampling Site 

Blood samples from people who were exposed to the vectors, with previous 

symptoms, both in the Comarca Lagunera and in the Mapimí Biosphere Reserve. 

Samples were taken with their prior consent. In the case of people not exposed 

to tick bites, people volunteered to donate blood samples for the purposes of the 

study in the same communities described.  

5.5 Tick collection 

The samplings were carried out in the summer seasons; for ticks (O. turicata) it 

was carried out from May to July 2017, with respect to ticks (R. sanguineus) they 

were collected from domestic and peridomestic dogs during September 2019. A 

total of 17 ticks (O. turicata) were collected from 11 tortoises. Regarding the dogs, 

around 500 adult female and male ticks were collected from 50 domestic and 

peridomestic dogs. All the samples were deposited in 70% ethanol and 

transferred to the Laboratorio de Medicina de la Conservación of the Facultad de 
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Ciencias Biológicas, Universidad Juárez del Estado de Durango, where the 

taxonomic identification of each individual was carried out morphologically by 

means of standard taxonomic keys (Morafka, 1977; Walker et al., 2005). 

 5.6 Creation of tick pools 

5.6.1 Soft Tick Pools 

Pools of each type of tick species collected in this study were made for the 

extraction of bacterial DNA. A total of 17 adult ticks were collected and taxonomic 

keys were used to determine the species, and all the specimens were identified 

as O. turicata (Morafka, 1977). Each tick was placed in an individual 1.5 mL tube 

containing 500 µL ethanol (70%), 500 µL hydrogen peroxide (H2O2), and 200 µL 

of ultrapurified H2O; each tube was vortexed for 15 s to remove tick surface 

contaminants (Couper & Swei, 2018). Later, three pools were formed (five ticks 

each) and were deposited in BashingBead™. Zymo Research cell lysis tubes 

containing 750 µL of lysing/stabilizing solution. The tubes were processed in a 

cellular disruptor (TerraLyzer.) for 20 s. The two extra ticks were deposited in the 

Entomological collection of the Facultad de Ciencias Biológicas, Universidad 

Juárez del Estado de Durango, México, for reference purposes. 

5.6.2 Hard Tick Pools 

Around 500 adult female and male ticks were collected from 50 domestic and 

peridomestic dogs and preserved in 70% ethanol. All individuals were identified 

as R. sanguineus and were separated by sex (Walker et al., 2005). Ticks were 

dissected with sterilized microdissection scissors (BioQuip® No. 4715), making a 

cut in the posterior part of the abdomen; they were held with entomological 

forceps (BioQuip® No. 4522) from the base of the palps and with the help of a 

curved forceps (BioQuip® No. 4527) they were slid by lightly pressing the dorsal 

and ventral part of the specimens to the back of the specimen idiosoma. Five 

pools were made with the internal content of five female ticks and another five 

pools for males. Pools were deposited in BashingBeadTM lysis tubes with 750 µL 
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of XpeditionTM Zymo ReesearchTM lysing/stabilizer buffer. Each tube was placed 

in a cell disruptor (TerraLyzerTM) for 30 seconds for DNA preservation. 

5.7 Collection of blood samples 

The blood of 12 apparently healthy volunteers was taken in the months of August 

- October 2019. The sample was taken from people by venipuncture in the arm 

vein using the technique of  (García, 2009). First of proceeded the antisepsis of 

the skin with 96% alcohol and deposited in Vacutainer K3EDTA tubes (Vacutainer 

K3E, BD, USA); three ml per person were extracted and ten drops of blood (50 

mg in wet weight) of each collected sample were deposited in a BashingBead™ 

lysis tube of the DNA Microprep kit, from the Zymo Research™ brand; 750 µL of 

lysing/stabilizing solution (Xpedition™) were added. Each tube was processed in 

a cell disruptor (TerraLyzer ™) for 30 s (Barraza-Guerrero et al., 2021). 

5.8 Extraction of DNA from ticks and blood 

DNA from each pool of ticks and from blood samples were extracted with the 

Xpedition™ Biomics DNA MiniPrep Kit (Zymo Research™). These processes 

were carried out in a UV laminar flow hood with all the sterility protocols to avoid 

contamination of the samples. 

The DNA extraction products was run on 1.2% agarose gels at 80V for 45 minutes 

in a Bio-Rad electrophoresis chamber to visualize the presence of high molecular 

weight DNA. The visualization was carried out in a GelMaxTM photo documenter 

(UVP®). 

The amount of DNA obtained from the samples were measured in a Qubit® 3.0 

brand fluorometer. 

 5.9 Massive next-generation sequencing of the 16s rRNA gene  

The amplification of the V3 and V4 regions of the 16S rRNA gene of each pool of 

ticks and blood samples will be carried out. The primers suggested by Klindworth 

et al. (2013). These sequences are 5´-CCTACGGGNGGCWGCAG-3´ and 5´-
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GACTACHVGGGTATCTAATCC-3´, which produces an amplicon of ~460 bp. By 

joining these sequences to the "overhang" adapters of the 16S protocol 

(Metagenomic Sequencing Library Preparation of Illumina (2021a)) they are as 

follows: 

5´TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGC

AG-3´ y 5´ 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCT

AATCC-3´ (~550 bp amplicon). 

The 16S Metagenomic Sequencing Library Preparation (Illumina, 2021a) PCR 

protocol will be used using 12.5 µl of MyTaqTM Ready Mix 1X (Bioline®), 1 µl of 

each primer (10 nM), 5 µl of DNA (25 ng total) and 5.5 µl of H2O Molecular Grade; 

the following cycle will be used: 95°C for 3 minutes; 25 cycles of 95°C for 30 

seconds, 55°C for 30 seconds, 72°C for 30 seconds; 72°C for 5 minutes in a 

Labnet MultigeneTM Gradient PCR thermal cycler. 1 µl of some PCR products 

will be placed on an Agilent Bioanalyzer 2100 DNALabChip to verify amplicon size 

(~550 bp). Amplicons will be purified with 0.8% Agentcourt® AMPure® XP beads. 

Subsequently, the amplicons will be labeled using the Nextera XT Index KitTM for 

the creation of the libraries, following the Nextera® XT DNA Library Preparation 

Reference Guide protocol (Illumina, 2021b), using 25 µl of MyTaqTM Ready Mix 

1X (Bioline®), 5 µl of each primer (N7xx and S5xx), 5 µl of DNA and 10 µl of 

molecular grade H2O; the following cycle will be used: 95°C for 3 minutes; 10 

cycles of 95°C for 30 seconds, 55°C for 30 seconds, 72°C for 30 seconds; 72°C 

for five minutes. Libraries will be purified with 1.2% Agencourt® AMPure® XP 

beads. 1 µl of the final library of a few randomly selected PCR products will be 

plated onto an Agilent Bioanalyzer 2100 DNALabChip to verify amplicon size 

expecting a size of ~630 bp. Finally, the final quantification will be carried out with 

QUBIT, the normalization (equimolarity) of the libraries will be done at 4nM, the 

grouping of the libraries taking 1.5 μl of each one and the next generation massive 

sequencing (MiSeq Illumina® of 2x250 paired final readings). following the 

protocol for 16S metagenomics (Illumina, 2021a). 
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 5.10 Bioinformatic analysis to determine bacterial metagenomic profiles  

Sequencing results were stored in the Illumina BaseSpace digital application in 

FASTQ format. Sequence analysis was performed in an Oracle VM VirtualBox 

5.1.14 virtual machine on the MGLinux platform using Quantitative Insights Into 

Microbial Ecology (QIIME) v.1.9.0 bioinformatics software (Caporaso et al., 2010). 

The process began by assembling the forward and reverse sequences of the 

samples using the PEAR program (Zhang et al., 2014) with an overlap of 50 bp, 

a minimum length per read of 430 bp and a maximum of 470 bp, a Q20 quality 

criterion and a value of P<0.001. The files were then converted to FASTA format 

and chimeric sequences were eliminated (incomplete PCR products that can 

hybridize as oligonucleotides (primers) to heterologous sequences; (Acinas, 

2007)) of samples with VSEARCH (Edgar, 2010). The selection of operational 

taxonomic units (OTUs) was carried out with the UCLUS method (Edgar, 2010), 

at 97% similarity; A representative sequence was obtained for each OTU and the 

taxonomy was assigned taking the EzBioCloud database as a reference (Yoon et 

al., 2017). The OTUs tables were built in biom format (Biological observation 

matrix; (McDonald et al., 2012) and the domains were separated. 

The relative abundance of the taxonomic levels of phylum, class and order of each 

population was obtained and plotted in Excel or in R. The families and genera 

whose relative abundance was greater than 0.1% were represented in a heat map 

with the Morpheus software  (https://software.broadinstitute.org/GENE-E/).  

Tables of absolute abundance of OTUs at the genus level were obtained for each 

sample of tick pools and blood from people and the number of sequences by the 

number of OTUs for each of them were plotted in PAST see 3.15 (Hammer et al., 

2001) to observe if an adequate coverage depth was achieved (asymptote trend 

curves). In case of the samples that did not reach a good coverage, a simple 

rarefaction process was carried out (Weiss et al., 2017) taking a minimum value 

of sequences from which the subsamples were generated. In this way, a 

standardized biom file was obtained for all samples. From the standardized biom 

file, alpha diversity was calculated with the non-phylogenetic indices of Simpson 
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and Shannon. Monte Carlo parametric tests with 999 permutations were applied 

to test for a significant difference in alpha diversity between male and female ticks 

and between people exposed and not exposed to tick bites. Likewise, beta 

diversity matrices were obtained using the Bray Curtis non-phylogenetic similarity 

and the UniFrac phylogenetic distance methods Unweighted (qualitative) and 

weighted (quantitative) (Lozupone & Knight, 2005).  

Subsequently, PERMANOVA tests (p < 0.05) were applied to prove a significant 

difference in beta diversity. Samples were then visualized using Principal 

Coordinate Analysis (PCoA) in Emperor (Vazquez-Baeza et al., 2013). To 

establish the bacterial taxa at the phylum, family and genus level that contributed 

to the greatest extent to the differentiation of the microbiota, those groups that 

presented significant differences in alpha or beta diversity were selected, and a 

similarity analysis was carried out (SIMPER) with the Bray-Curtis beta matrix 

(Clarke y Warwick, 1994) in PAST. For those taxa whose contribution was greater 

than 2%, a Mann-Whitney U test (p<0.05) was applied to prove a significant 

difference between populations; these tests were performed in PAST. Finally, a 

LEfSe (i.e., linear discriminant analysis effect size) analysis was performed to 

statistically and biologically determine the key biomarkers which contribute the 

most to the differences between populations. The clades selected were those less 

than 0.05 in the alpha value of the Kruskal–Wallis factorial test > 4.0 in the 

logarithmic LDA score (Segata et al., 2011). This analysis was made on the 

website http://huttenhower.sph.harvard.edu/lefse/. 

5.11 Potentially pathogenic and/or zoonotic bacterial genera recorded in 

ticks and blood of people 

An exhaustive analysis of the current literature was carried out to identify 

potentially pathogenic and/or zoonotic bacterial genera recorded in ticks and 

human blood. 
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6.1 General Microbiota of the Soft Tick Ornithodoros 

turicata Parasitizing the Bolson Tortoise (Gopherus 

flavomarginatus) in the Mapimi Biosphere Reserve, 

Mexico 
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6.2 Bacterial profile of the dog brown tick Rhipicephalus 

sanguineus sensu lato collected from urban dogs in 

northern Mexico  
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6.3 Understanding the long-lasting association between 

humans and tick-borne diseases thru next-generation 

sequencing  
 

 

Q1 

UNDER REVIEW 



 

121 

 

  



 

122 

 

 

 

  



 

123 

 

  



 

124 

 

  



 

125 

 

  



 

126 

 

  



 

127 

 

  



 

128 

 

  



 

129 

 

  



 

130 

 

  



 

131 

 

  



 

132 

 

 

  



 

133 

 

  



 

134 

 

  



 

135 

 

  



 

136 

 

 

  



 

137 

 

  



 

138 

 

  



 

139 

 

  



 

140 

 

  



 

141 

 

 

  



 

142 

 

  



 

143 

 

  



 

144 

 

  



 

145 

 

  



 

146 

 

  



 

147 

 

  



 

148 

 

 

 

  



 

149 

 

  



 

150 

 

 

 

 

 

 

 

 

 

 

 

  

  



 

151 

 

 

 

 

 

 

 

 

 

 

 

7. GENERAL CONCLUSIONS 

 

 

 

 

 

 

 

 

UNIVERSIDAD AUTÓNOMA CHAPINGO 
Unidad Regional Universitaria de Zonas Áridas 

 
Doctorado de Ciencias en Recursos Naturales y Medio Ambiente en Zonas Áridas 



 

152 

 

Based on the results obtained in the present doctoral studies, we can say that 

potential pathogens were detected both in the soft tick (O. turicata) parasitizing 

the bolson tortoise, as well as in the brown dog tick (R. sanguineus). The presence 

of potentially pathogenic bacterial species was detected by means of next 

generation massive sequencing, where some of them are recognized as TBD. In 

the case of the study carried out in humans exposed to tick bites vs. people not 

exposed, the bacterial composition differed between experimental groups. For all 

the above, the null hypothesis is rejected in that our working hypothesis in this 

research work was certainly proven. 

Something that was particularly interesting was the overrepresentation of the 

genus Coxiella in the ticks analyzed in this study; the pathogenic species C. 

burnetti was found in both tick species, and in the brown dog tick in high 

abundance with a frequency of 100% (found in all pools analyzed). On the other 

hand, A. marginale, A. ovis and A. phagocytophilum were detected in O. turicata. 

Besides, with respect to R. sanguineus, A. platys was detected, all these 

recognized as TBP that affect the animals they infect, having zoonotic potential to 

can cause serious diseases. Additionally, the genus Ehrlichia in R. sanguineus 

was found to be the third most abundant genus in that study. It should be noted 

that all the species of the genus Ehrlichia were found, only except for E. 

ruminantium, including R. minasensis, a recently discovered pathogen in Brazil, 

never reported in Mexico before and whose origin, pathogenesis and zoonotic 

capacity is largely unknown, which speaks of the importance of this genus in the 

brown dog tick and the latent risk of emerging diseases in the region under study.  

In the case of the study conducted in humans, unlike the reports of high 

prevalence and incidence in the region with respect to RMSF, the Rickettsia 

genome was neither detected in tick samples nor in the human samples. 

However, it was possible to detect the Ehrlichia genus within people exposed to 

tick bites. To our knowledge this represents the first study of its kind comparing 

the blood microbiome of people under the influence of exposure to a tick bite, 

where a significant difference was found in beta diversity between the two 
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experimental groups. Additionally, the healthy HBM hypothesis was again 

verified, finding a wide diversity and abundance in the people analyzed in the 

study, either the exposed and those unexposed. Future complementary studies 

increasing the number of samples both from pools of tick bacterial DNA and from 

people who are presenting symptoms compatible with TBD will be necessary with 

the purpose of expanding the epidemiological knowledge of these diseases in the 

region. This could clarify questions regarding the vector-host-pathogen dynamics 

and promote strategies for control, mitigation, diagnosis, and possibly treatment 

in the field of human and veterinary medicine. 
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Appendix 1. Rarefaction curve of the three pools created for the R. sanguineus 
samples, all the sequences tend to plateau at 50,000 sequences. 
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Appendix 2. Percentage similarity analysis (SIMPER) considering the average of 
dissimilarity (AVD) of the bacteria in the blood at phyla, family, and genus 
levels from two groups of volunteers, not exposed (HC) and exposed (HE) to 
tick bites in the Comarca Lagunera, north central Mexico. 

Taxon AVD 
Contrib. 

% 
Cum. 

% 
Mean 

HC 
Mean 

HE 
 

U p 

Phylum                

Firmicutes 14.88 32.96 32.96 0.552 0.263 
 

2 
0.014

* 

Actinobacteria 10.47 23.2 56.15 0.119 0.322 
 

2 
0.014

* 

Proteobacteria 5.469 12.11 68.26 0.201 0.169  14 0.626 

Bacteroidetes 4.265 9.447 77.71 0.0596 0.0926  13 0.515 

Spirochaetes 1.605 3.554 81.27 0.0023 0.0317  14 0.623 

Cyanobacteria 1.394 3.086 84.35 0.00107 0.0277 
 

6 
0.046

* 

Family                

Bacillaceae 11.66 14.75 14.75 0.294 0.0608 
 

0 
0.005

* 

Micrococcaceae 7.001 8.854 23.61 0.0426 0.174  7 0.104 

Ruminococcaceae 6.2 7.84 31.45 0.109 0.0387 
 13.

5 0.562 
Christensenellacea

e 4.674 5.911 37.36 0.0887 0.0114 
 

17 1 

Peptoniphilaceae 2.091 2.644 40 0.00349 0.0398  13 0.468 

Halomonadaceae 1.822 2.305 42.31 0.0414 0.00636 
 

4 
0.034

* 
Sphingomonadace

ae 1.79 2.264 44.57 0.0268 0.023 
 

10 0.252 

Moraxellaceae 1.679 2.124 46.69 0.0153 0.0315 
 16.

5 0.935 

Bacteroidaceae 1.652 2.089 48.78 0.0198 0.0194 
 16.

5 0.923 

Staphylococcaceae 1.523 1.926 50.71 0.0341 0.0348  17 1 

Spirochaetaceae 1.49 1.884 52.59 0.00223 0.0295 
 

6 
0.046

* 
Propionibacteriace

ae 1.362 1.723 54.32 0.0154 0.0272 
 

9 0.193 

Rhodobacteraceae 1.258 1.591 55.91 0.00546 0.0261  10 0.252 

Rhizobiaceae 1.242 1.571 57.48 0.0235 0.00224  17 1 

Pasteurellaceae 1.224 1.548 59.03 0.0215 0.00481 
 10.

5 0.259 
○ 

Anaplasmataceae 
0.013

1 0.01656 99.69 0 0.000262 
 

14 0.310 

Genus                
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* Indicates significant difference in dissimilarity between groups 
○ Indicates the taxa considered as TBP 
AVD: Average of dissimilarity 
Contrib. %: Contribution of dissimilarity in percentage  
Cum. %: Cumulative in percentage 
U: U Man-Whitney test 
p: p-value 

 

Kocuria 7.244 8.426 8.426 0.000714 0.146 
 

0 
0.005

* 

PAC000748_g 4.787 5.568 13.99 0.0941 0.00383  15 0.669 

Anaerobacillus 4.327 5.033 19.03 0.0996 0.0131 
 

0 
0.005

* 

Bacillus 4.186 4.869 23.9 0.0899 0.00702 
 

2 
0.014

* 
PAC001440_g 3.012 3.504 27.4 0.0602 0.000143  14 0.562 

Caldalkalibacillus 2.731 3.177 30.58 0.0783 0.024 
 

1 
0.009

* 

Halomonas 1.822 2.119 32.7 0.0414 0.00636  4 0.034 

Anaerococcus 1.735 2.018 34.71 0 0.0347 
 10.

5 0.104 

Staphylococcus 1.571 1.827 36.54 0.0341 0.0309  16 0.870 

Treponema 1.49 1.733 38.27 0.00223 0.0295 
 

6 
0.040

* 

GQ138168_g 1.378 1.603 39.88 0.0276 0  15 0.498 

Nesterenkonia 1.369 1.592 41.47 0.0382 0.0232  14 0.626 

Cutibacterium 1.347 1.566 43.04 0.0154 0.0266  9.5 0.222 

Sphingomonas 1.337 1.556 44.59 0.017 0.0215  9 0.185 

Ensifer 1.192 1.387 45.98 0.023 0.00117 
 15.

5 0.771 

Enhydrobacter 1.123 1.306 47.28 0.00378 0.0203  15 0.728 

Clostridium 1.11 1.291 48.58 0 0.0222 
 

3.5 
0.009

* 

Other 1.11 1.291 49.87 0 0.0222  14 0.31 

Chelonobacter 1.043 1.214 51.08 0.0209 0  15 0.498 

Chitinispirillum 1.027 1.195 52.27 0 0.0205 
 

7 
0.033

* 

DQ129389_g 1.016 1.182 53.46 0.0188 0.00502  17 0.862 

LBRP_g 1.012 1.177 54.63 0.0187 0.0021  14 0.522 

Bacteroides 
0.996

1 1.159 55.79 0.00114 0.0194 
 

13 0.393 

Ornithinibacillus 
0.944

7 1.099 56.89 0.0227 0.0124 
 

14 0.626 

○ Ehrlichia 
0.013

1 0.01523 98.82 0 0.000262 
 

14 0.310 


