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Abstract: Tick-borne diseases are among the most common vector-borne diseases. These include various
infections caused by viruses, bacteria, rickettsiae, spirochetes and protozoa. The aim of our review is to present
the relationship between the clinico-epidemiological aspect of some of the emergency tick-borne diseases and
their diagnosis, treatment and prevention. We will review three diseases- anaplasmosis, babesiosis and
ehrlichiosis. Anaplasmosis and ehrlichiosis are caused by small gram-negative obligate intracellular
alphaproteobacteria in the order Rickettsiales, family Anaplasmataceae. The prognosis of disease depends on
early diagnosis and proper treatment. The symptoms of anaplasmosis largely overlap with those of ehrlichiosis.
Babesiosis is a malaria-like disease that is caused by intraerythrocytic protozoa. Like malaria, the disease
proceeds with hemolysis and its severity is determined by the parasitemia. Treatment of babesiosis involves
the use of antimalarial agents and antibiotics, most commonly in a combination. Understanding the clinical,
epidemiological and laboratory characteristics of tick-borne diseases is crucial for their prevention, diagnosis

and treatment.
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1. Introduction

As one of the most common vector-borne infections, the tick-borne ones are with great health and
economic importance. These include various infections caused by viruses, bacteria, rickettsiae,
spirochetes and protozoa. We will review three of these diseases- anaplasmosis, babesiosis and
ehrlichiosis. The aim is to present the relationship between clinico-epidemiological aspect of these
emergency tick-borne diseases and their diagnosis, treatment and prevention.

The family Anaplasmataceae is classified in the order Rickettiales and currently contains five
genera and two candidate genera of obligate intracellular bacteria. Four of the genera contain
members that are known to infect humans: Anaplasma, Ehrlichia, Neorickettsia, and

“Candidatus Neoehrlichia”[1]. Anaplasma and Ehrlichia are currently ones of emerging tick-borne
pathogens. Climate and socioeconomic changes in the distribution and abundance of arthropod
vectors and related illnesses have led to increased recognition of a rise in the incidence and recurrence
patterns of human diseases caused by these vector-borne pathogens. One of the most significant
vector-borne illnesses in the United States is human granulocytic anaplasmosis (HGA). Data
elucidates that from 2010 to 2018 there was a roughly 12-fold rise in reported cases in the country][2].
Additionally, there are more and more reports of it in Asia and a few Central and Northern European
countries [3,4]. Similarly, a northern expansion of Amblyomma americanum and E. chaffeensis ticks
has been linked to an increase in human ehrlichiosis (HME) cases in the United States [5].

Rickettsial diseases are almost indistinguishable in the first few days of the onset, characterized
by an unknown febrile condition. Pancytopenia is a characteristic laboratory finding of HME early in
the illness and 60 to 70% of patients experience mild to moderate decreased leucocyte ratio, and a
great decrease in lymphocyte [6-9]. Within two weeks of the illness, anemia affects half of the patients
[8-10]. It's intriguing to note that most patients experience a large rise in lymphocyte count during
convalescence, which is primarily caused by the expansion of activated yd T cells. This results in both
relative and absolute lymphocytosis [11]. One of the pathognomonic signs of HME is significant
thrombocytopenia, which is often found in about 70-90% of patients. About 90% of patients have
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mild or moderate levels of hepatic cytolysis, with bilirubinemia and increased alkaline phosphatase
levels. Up to half of adult patients and 70% of pediatric patients have hyponatremia [9,10,12]. HGA
rash is uncommon, noted in less than 10% of patients, compared to HME [13-16]. HGA tends to be a
less severe illness than HME.

The antibiotic of choice for the treatment of ehrlichiosis, anaplasmosis, and all other rickettsial
infections is doxycycline. Moreover, doxycycline presumptive treatment is advised for patients of all
ages, even younger ones under the age of eight. For those who do not respond to doxycycline, other
illnesses resistant to it should be put in the differential diagnosis. The suggested course of treatment
and dosages is 100 mg every 12 hours for adults, whereas youngsters under 45 kg (100 Ibs.) should
take 2.2 mg/kg twice daily. The American Academy of Pediatrics Committee on Infectious Diseases
and the Centers for Disease Control and Prevention both recommend using doxycycline as a regular
treatment for children who may have rickettsial illness. Short courses of doxycycline (approximately
5-10 days) did not cause enamel hypoplasia or discoloration of permanent teeth, according to a recent
study. Alternative antibiotics may be considered in cases of severe doxycycline intolerance, allergy,
and pregnancy. Although it hasn't been tested as a substitute treatment in a clinical situation,
rifampin seems to be effective against E. chaffeensis in a laboratory setting. Antibiotic prophylaxis
after a tick bite is not advised [17-19].

HME can be lethal in immunocompetent patients and presents as a multisystem illness akin to
toxic or septic shock syndrome [20-22]. Manifold research studies have documented a correlation
between the administration of sulfonamide antibiotics and severe ehrlichia symptoms [23,24].
Although, it is unclear if this indicates a causal relationship. There have been sporadic cases of
laboratory-confirmed reinfections with A. phagocytophilum, despite the possibility of long-term
immunity following sporadic infection. As a result, people residing in endemic regions where they
may come into contact with infected ticks must take extra precautions to prevent tick bite exposure
[25,26]. Avoiding tick bites is one way to prevent tick-borne diseases, and removing ticks right away
is still the best course of action. People who reside in endemic areas ought to wear light-colored
clothing when they go outside so they can see ticks crawling on them [27]. Adults who are highly
susceptible to tick bites should treat exposed areas of skin with chemo-prophylactic repellents, such
as DEET (n, n-diethyl-m-toluamide), which blocks tick attachment. After leaving possibly tick-
infested regions, people should thoroughly check their body, hair, and clothing for ticks and remove
any that are attached right away. Research has indicated that Ehrlichia and Anaplasma require to be
attached to the host at least 4-24 hours [27-29]. There are no available vaccines or other specific
methods of prophylaxis.

Human babesiosis is the third infection that will be reviewed. Human babesiosis is an emergency
tick-borne disease (TBD), a malaria-like disease caused by intraerythrocytic parasites of the genus
Babesia. It is named after the European parthologist and microbiologist Victor Babes, who first
isolated and described the causative agent of the disease [30]. In 1956 a case of human babesiosis was
first reported in what was then Yugoslavia, now Croatia. Babesia divergens (B. divergens) was
assumed to be the putative causative agent [31]. Nowadays, human babesiosis has beenreported in
19 European countries. Cases of human babesiosis with a proven other member of the genus Babesia-
Babesia venatorum (B. venatorum), formerly called EU1, have been described in Italy, Germany,
Sweden and Austria. Cases with isolated Babesia microti (B. mictori) have also been described in
Germany [32].

2. Anaplasmosis

Anaplasma phagocytophilum has been known to cause disease among domestic and wild
animals for decades. In the 20t century, in Scotland, an experiment was done on louping-ill (LI)
where sheep living on pastures invaded by ticks acquired a condition represented by an unknown
fever [33]. Additionally, the disease was temporarily termed “tick-borne fever” (TBF), and the cause
was known to regard to the class Rickettsia. At present time, the name TBF still refers to an infection
in domestic ruminants in Europe. Furthermore, its current name originates from the Greek word an,
which means 'without', and plasma, 'anything formed or molded' [34]. The first case of Human
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granulocytic anaplasmosis (HGA) in the USA dates to 1990, while in Europe (Slovenia) a human
being was initially diagnosed seven years later. Those have been patients with a history of tick bite
exposure and severe febrile illness [35-37].

The condition is usually acquired by a tick bite and the major vector of transmission in Europe
is Ixodes ricinus (sheep tick or castor bean tick), in the Eastern US Ixodes scapularis (deer tick or
black-legged tick), in the Western US Ixodes pacificus (Western black-legged tick), and Asia Ixodes
persulcatus (taiga tick) [38]. They can transmit the bacteria to their offspring (transovarial
transmission), although its’ efficacy seems to be insignificant, whereas transstadial transmission is
imperative in sustaining A. phagocytophilum within its endemic cycles [39-41]. Ticks contract the
pathogen when feeding on an infected host. Generally, ruminants are reservoirs of the infection, with
a white-footed mouse, Peromyscus leucopus, illustrating the main one and numerous other animals
such as horses, dogs, domestic or wild ruminants (some strains), hedgehogs, and wild boars [42,43].

Correspondingly to the activity of nymphal and adult stages of Ixodes scapularis ticks, the
disease has seasonal occurrence, with marked peaks in June but continuing through November, in
association with outdoor activity [44]. Moreover, it has been observed that the pathogen and its
vector’s geographical distribution are increasing in latitude and altitude [45] covering a tremendous
amount of territory of continental and Atlantic Europe.

Another important point about Ixodes ticks is that they are frequently coinfected with other
organisms. To exemplify that, researchers report that up to 36% of patients with serologic evidence
of A. phagocytophilum infection also have positive serology for Borrelia burgdorferi or Babesia
microti infection [46-48]. Concurrent infections with HGA and Lyme disease, documented by
isolation of both agents, are reported [49], and coinfection with tick-borne encephalitis virus has been
demonstrated (Powassan and deer tick viral encephalitis) [50]. It is not yet known, whether such
concurrent infections will drive increased severity, prolonged duration of illness, or more frequent
and severe sequelae [51].

Apart from tick bite transmission, infections among humans have followed blood transfusions
[52-54]. In addition, nosocomial exposure via direct contact with blood or respiratory secretion from
a severely ill patient with HGA was suspected in China [55], but this assertion is still insufficient [56].
At present times, there is a huge amount of data that illustrates the pathogen as a burgeoning health
issue due to global warming [57] and anthropogenic influence [58]. For instance, the announced
annual report has an upward trend with over a quarter enhancement in the global prevalence of the
illness for the 50-year study period, Figure 1[59].
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Figure 1. Global status of Anaplasma phagocytophilum infections in human population: A 50-year
(1970-2020) meta-analysis.

An epidemiological investigation presented a seroprevalence in Europe which ranges between
~8.3% and 31%. This disparity between the high percentage of seroprevalence and recognized
symptomatic cases comes from inadequate diagnosis, or immense percentage of asymptomatic cases
[60], or serological cross-reactivity that may give rise to misinterpretation of seroprevalence ratio
[61,62].

Anaplasma phagocytophilum belongs to the family Anaplasmataceae, order Rickettsiale, and the
class Alphaproteobacteria [63]. It is a small, obligate, gram-negative, intracellular bacterium forming
small groups called morulae which are a histopathological hallmark of the disease. Moreover, it
prefers to grow within myeloid or granulocytic cells [64]. Anaplasma phagocytophilum is inoculated
in the host through a tick bite, following distribution to the bone marrow and spleen, where it can
selectively withstand and proliferate within cytoplasmic vacuoles of polymorphonuclear cells.
Usually, it modifies the progenitors of myeloid and monocytic cells and can be found in neutrophils
in peripheral blood and tissues. Further, Anaplasma’s presence in neutrophils triggers
proinflammatory responses leading to deactivation and degranulation of neutrophils and release of
cytokines. Interleukin-10, IL12, and IFN-gamma are the main cytokines that contribute to continuous
tissue damage. Thus, it protects neutrophils from exerting competent antimicrobial response.
Moreover, Anaplasma can also restrict the fusion of lysosomes with the cytoplasmic vacuoles and
obstruct signaling pathways in charge of respiratory bursts. The bacterium may also disturb the
regulation of phagocyte oxidase, cause procrastination in apoptosis, incompetent binding to and
transmigration of activated endothelium, and inhibition of phagocytosis [65].

Ethological diagnosis of human granulocytic anaplasmosis can be confirmed by using several
methods. These include serologic, microscopic identification of characteristic morulae in peripheral
blood, detection of nucleoid acid by PCR, immunohistochemistry, or culture [65].

Morulae may be found in 25% to 75% of the microscopic samples from patients who have not
proceeded with antibiotic therapy. The sensitivity of this diagnostic method is greater during the first
week of infection [66] and dramatically decreases within 24-72 hours after initiation of doxycycline
[67]. Although, Sungim Choia, Young-Uk Chob, Sung-Han Kima [68], presented a case report of a
patient with 5-day-illness history and empirical treatment with doxycycline [69]. The culture of A.
phagocytophilum is time-consuming, and thus is not routinely available, whereas PCR is more
sensitive, highly specific, and time-saving. As regards serologic diagnosis, the diagnosis is confirmed
by the detection of IgM and IgG immunoglobulins [70].
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Human granulocytic anaplasmosis has an incubation period of 1 to 2 weeks and is characterized
by a febrile condition that ranges from asymptomatic or symptomatic, but self-limiting to fatal [71].
The most common symptoms include fever, chills, sweating, myalgia, arthralgia, gastrointestinal
symptoms from the upper tract, and rarely rashes. In contrast, CNS is involved rarely, presenting
such as meningoencephalitis, while PNS involvement includes plexopathy, cranial and facial nerve
palsies, and demyelinating polyneuropathy which may require long-term recovery [72-75]. Other
rare clinical manifestations involve cerebral infarction in the left basal ganglia [76], seizures,
temporary memory impairment, orchitis, glomerulonephritis, myositis with severe rhabdomyolysis,
Sweet’s syndrome, and hemophagocytic lymphohistiocytosis (HLH) [77-84]. Importantly, the
severity of the disease depends on the patient’s age group, concomitant conditions, and initiation of
the treatment. Severe outcomes and hospitalization have been addressed in over a third of the
patients. If untreated, manifestations such as respiratory and renal failure, gastrointestinal bleeding,
and liver impairment, may occur in about 3 % of the cases [85].

Current data elucidates that immunosuppressed such as transplant patients do not appear to
experience altered clinical signs of anaplasmosis just as non-transplant ones. What is more, in those
cases a good outcome to the antibiotic treatment has been reported [86-88].

Paraclinical feathers of the illness include leukopenia, anemia, thrombocytopenia, and hepatic
cytolysis. As well as neutropenia with a left shift and mild lymphocytosis can also be seen [89-92].
Moreover, hyperferritinemia and proinflammatory cytokine release have been marked as risk factors
for a severe outcome of Anaplasmosis. For those patients with central nervous system manifestations,
CSF analysis shows lymphocytic pleocytosis and steady protein elevation [89,93].

As a rickettsial pathogen, A. phagocytophilum has been recognized as a persistent
microorganism in mammalian hosts. However, this may alter following the variants of the bacterium
engaged [94].

3. Human Monocytotropic Ehrlichiosis

Ehrlichia is genus in Ehrlichiaceae family, order Rickettsiales, class Alphaproteobacteria. The
genus Ehrlichia consists of two species causing illness among humans - Ehrlichia chaffeesis, which
causes human monocytic ehrlichiosis (HME), and Ehrlichia ewingii, associated with Ehrlichia ewingii
ehrlichiosis. Other species Ehrlichia canis and Ehrlichia ruminantium have generally veterinary
significance but may also accidentally infect humans, and from the past few years a newly described
pathogen EMLA (Ehrlichia muris-like agent) or E. muris eauclairensis, which has also been associated
with human disease [95].

Ehrlichia is a Gram-negative obligate intracellular coccobacillus. As a nonmotile bacteria,
Ehrlichia resides and cultivates in cytoplasmic vacuoles, composing aggregates of bacteria called
morulae. Under light microscopy morulae resemble intracytoplasmic inclusions that stain dark blue
or purple with Romanovsky-type stains and look like a mulberry because it comes from the Latin
word ‘morus’ [96]. Ehrlichial morulae have been identified in numerous fluids and tissues such as
blood, bone marrow, hepatic sinusoids, splenic cords, lymph nodes, cerebrospinal fluid (CSF)
macrophages, and macrophages in the kidney, appendix, and heart.

Ehrlichia are intracellular, gram-negative organisms that have a tick-borne transmission mode.
Vectors are ticks from the species Lone Star tick (Amblyomma americanum) the American dog tick
(Dermacentor variabilis), as well as Ixodes scapularis (Blacklegged tick). The pathogen can be
transmitted trans-stadially but not transovarially. In addition to humans, other hosts include
domestic and wild animals such as dogs, cattle, sheep, goats, rodents, and deer. Other possible rare
ways of transmission are due to blood transfusion and organ transplant.

The annual incidence ratio of human ehrlichiosis has been determined to be 3 to 5 per 100,000 in
endemic territories in the USA [97]. Also, in 2019, the Centers for Disease Control and Prevention
stated that about 50% of the cases of ehrlichiosis in the USA were diagnosed in just four states
(Missouri, Arkansas, North Carolina, and New York). Moreover, since 2009, more than 115 cases of
ehrlichiosis with a causative agent E. muris eauclairensis have been announced in Upper Midwest. In
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contrast, in Europe, the incidence rate is significantly low since less is known about Ehrlichiosis
distribution [98-100].

In HME, clinical manifestations appear in between 5 to 14 days post-tick bite. The illness usually
presents with a febrile illness characterized by myalgia, headache, nausea, vomiting, diarrhea,
anorexia, and rash. Generally, every third patient experiences a rash, which is more common among
those infected with E. chaffeensis and is present more frequently in children compared to adults, where it is
often found in patients with HIV [101]. The eruption occurs mainly up to 5 days after the febrile condition
initiates and can be maculopapular or petechial [102]. Adults with serious disease experience diarrhea,
lymphadenomegalia, and confusion, while the pediatrician population experiences edema on the extremities.
Moreover, complications occur between 9 to 17% of the cases and include ARDS, DIC syndrome, renal failure,
CNS manifestations (CSF lymphocytic pleocytosis and proteinorrahia), and others. Ehrlichia chaffeensis may
lead to hemophagocytic lymphohistiocytosis (HLH) [103-113]. Researchers report that relatively one
to three in ten infections have been announced in immunocompromised where E. chaffeensis acts as
an opportunistic parasite [114-117].

Etiological diagnosis can be obtained with several methods. For instance, the most widely used
is serology because it is a cost-effective and relatively fast method, but it can give false
positive \negative results due to cross-reactivity reactions and usually comes negative for most of the
tests in the first week of the disease [118]. Another example is visualization of morulae and staining
method which is a rapid and seldom used as a confirmatory practice [119-123]. Morulae are typically
seen in less than 5% of the leukocytes. Case series documenting individuals for whom morula
visualization, as an independent diagnostic sign, had culture or PCR-confirmed HME sensitivity
values of roughly one-third [119,121,124] .

PCR techniques are increasingly being used as conventional supplements to serologic diagnostic
methods to detect DNA from Ehrlichia spp. in whole blood, CSF, and serum. When serologic testing
is still negative, an acute-phase whole-blood sample from E. chaffeensis patients can often yield
positive results by PCR [119]. A lab procedure that can process clinical specimens utilizing cell culture
techniques is necessary for the separation of Ehrlichia species from blood, CSF, and other tissues.
Some cultures have shown signs of morulae as early as two days after inoculation, while in others
primary isolation has taken a much longer time [120,121,125].

4. Human Babesiosis

Nowadays, human babesiosis has been reported in 19 European countries. Cases of human
babesiosis with a proven other member of the genus Babesia- Babesia venatorum (B. venatorum),
formerly called EU1, have been described in Italy, Germany, Sweden and Austria. Cases with isolated
Babesia microti (B. mictori) have also been described in Germany [32].

Over 100 species of the genus Babesia have been reported, but only a few are pathogenic for
humans - B. microti, B. divergens, B. duncani, B. venatorum, and an as yet unnamed strain named
MO-1 [126,127]. In North America, the most common causative agent is B. microti, whose vector is I.
scapularis, it is widespread in the Midwestern United States [128]. The second most common species
in North America is B. duncani, cases of human babesiosis with a proven causative agent of B.
duncani have been reported along the Pacific coast of the United States and Canada [128,129]. There
are various studies suggesting that vectors of B. duncani are Ixodes species - I. scapularis, I. pacificus
also the winter tick, and Dermacentor albipictus [128,130,131]. In Europe, the most common causative
agent of human babesiosis is B. divergens, whose vector is I. ricinus. In addition to B. divergens, 1.
ricinus also carries B. venatorum and B. microti. In South Asia, B. microti is transmitted by Ixodes
ovatus Neumann, while cases of Babesia crassa and B. venatorum have been reported from China,
probably transmitted by I. persulcatus [132]. People of any age and sex can be affected by human
babesiosis. It is most severe in patients over 40 years of age who are immunosuppressed or
splenectomized. A different phenomenon of disease transmission has also been described in the USA-
in blood transfusions with infected blood.

Babesioses belong to Phylum: Apicomplexa, Class: Sporozoa, Order: Piroplasmida, Family:
Babesiidae, Genus: Babesia [133]. Babesiasia are divided according to their size into large Babesiasia
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(2.5-5) - B. bigemina, Babesia caballi, Babesia canis, etc. and small (1.0-2.5) - B. bovis, Babesia gibsoni,
B. microti, Babesia rodhaini, etc [134]. The biological cycle of babesias occurs in two hosts. Sexual
reproduction takes place in crustaceans and asexual phase in vertebrates. Biological stages are as
described: in animals — schizogony, erythrocyte cycle: trophozoites - small babesias of 1-2.5 mt and
large babesias of 2.5-5 mt (ring-shaped), merozoites, gametes. In the tick: gametogonia (sexual
reproduction) - in the stomach of the tick; ookinetes and sporogonia - formation of sporozoites in the
salivary glands. Infected ticks, when inoculated with blood, inoculate into the host and after that host
sporozoites penetrate erythrocytes. Simple fission (schizogony) follows, producing merozoites. They
lyse infected cells and penetrate new erythrocytes. A distinguishing feature is the formation of pairs
of parasites or tetrads (4 parasites) resembling a Maltese cross. Some of the trophozoites do not
reproduce in the blood but differentiate into male and female gametes [135].

After a tick bite, the babesia get into the capillary blood of the infected person where they target
the erythrocytes, unlike Plasmodium ssp. getting into the erythrocytes they start to mature and grow
[135]. The early stages of the cycle closely resemble those of Plasmodium ssp. as they look like ring
parasites, a budding process follows where they replicate and resemble an "eight" , budding can be
repeated where a tetrad known as a "Maltese Cross" is produced. After reaching the merozoite stage,
the parasites leave the erythrocyte cells, leading to their hemolysis, and the parasites seek out new
cells to infect [136].

Disease can vary in severity depending on various factors - the age of the patient, his
immunological status, the type of parasite, etc. The disease is most severe in neonates, in all
immunocompromised patients, especially in asplenic patients. It is not known how long it takes for
the infection to be transmitted from tick to human; in white-footed mice it has been found to take 36
to 54 hours [137].The incubation period for tick-borne transmission is 1 to 4 weeks, and when the
infection results from haemotraesfusion the incubation period is up to 6 weeks [138]. Babesiae possess
mechanisms to evade the immune response, which often results in persistence of infection in healthy
individuals, which are most often asymptomatic; this is particularly characteristic of B. microti. In
case of infection with B. microti in healthy individuals, the disease may proceed asymptomatically;
in mild parasitaemia <4%, the most common symptoms include myalgia, fever, chills, headache,
vomiting and diarrhoea. In high parasitaemia (>10%) [139,140], complications such as acute
respiratory distress syndrome, renal failure, shock, desiminated intravascular colagulopathy and
congestive heart failure may occur. Up to 10% of hospitalized patients end lethally, and if the
infection is the result of chemotherapy, this percentage reaches 20% [141]. Infections with proven
causative B. divergens can run from mild to severe. Parasitaemia in different cases varies from 0.29
[142] to 20% [143] in mild course of the disease the symptoms are flu-like- athromyalgia, fever,
headache, chills, in more severe course haemolytic anaemia, jaundice, renal failure, haemoglobinuria,
vomiting and abdominal pain may develop and may end fatally. There have been five reported cases
in Europe of infection with proven causative agent B. venatorum, all described in patients over 50
years of age with severe immunosuppression. It can run again from mild to severe. Symptoms
reported include- shortness of breath, progressive weakness, intermittent episodes of fever, jaundice,
thrombocytopenia, haemoglobinuria, acute renal failure. Parasitaemia ranges from 1.3 to 30% [144].
A study in China found 48 of 2912 seropositive cases, demonstrating that infection with B. venatorum
infection is milder in immunocompetent patients compared to B. divergens [145].

In the past, ignorance of the existence of Babesia ssp. and that they can cause disease in humans
led to many misdiagnoses. There are still cases in which babesiosis is proven postmortem. Episodes
of fever accompanied by haemolytic anaemia and a positive Coombs test, together with elevated
procalcitonin levels and a history of tick bite, travel to Babesiosis endemic countries or blood
transfusion necessitate thinking in the direction of a diagnosis- Babesiosis [146,147].

The gold standard for proof of babesiosis is detection of the parasite in a blood smear stained by
the Giemsa or Romanowsky method. Parasitaemia is small in the initial stages of the disease,
necessitating the collection of a series of blood samples, evaluating over 300 fields of view.
Differential diagnosis with Malaria is important. It has applications in research because it is a
laborious and lengthy process in which animal species are infected with parasites- Babesia divergens,
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B. microti and B. duncani and the presence of parasitaemia in their blood is monitored for up to two
months [146]. The indirect immunofluorescence assay is the most commonly used serological test
method. IgG- at borderline titres of 1:32 to 1:160, specificity > 90% and sensitivity > 88% are found. In
the course of infection, titres of >1:1028 may be detected, subsequently decreasing to 1:64. A
disadvantage of IgG testing is that it cannot differentiate whether the infection is axial, subacute,
chronic, or has already passed. IgM- indicate acute infection but can give false positive results, this
requires a two stage testing process where individuals with positive IgG Ab are tested for IgM Ab
[147,148]. Immunofluorescence assays are inaccurate, nonspecific, variable and often false positive in
patients with rheumatologic diseases and those with similar infectious diseases such as malaria and
toxoplasmosis [149]. Molecular biology tests: These have the highest sensitivity, are used in patients
with low parasitaemia, and it has been shown that reel-time PCR can detect up to 20 genomic copies
in 1 microliter of blood. Most commonly, 18sRNA is used for detection of Babesia ssp [150].

Choosing the right therapy and its duration depends on the type of parasite, the immunological
status of the patient, the severity of the disease and a number of factors. A combination of
antiparasitic and antibiotic medication is usually done. In case of infection with B. microti a standard
combination is used- atovaquone/ azithromycine [151], a study was conducted which proved that the
combination of quinine plus clindamycin has the same effect, but the risk of more frequent and more
severe side effects increases [152]. Cases of asplenic patients infected with B. divergaens are regarded
as emergencies, as a large proportion of them end lethally [4]. There have been good results from the
administration of a combination between clindamycin and quinine for 7 to 10 days [153]. In infection
with B. venatorum treatment with clindamycin in combination or not with quinine, followed or not
by treatment with atovaquone and azithromycin, gives good results [154].

5. Conclusions

Increasing numbers of human cases of vector-borne diseases are being reported globally,
with tick-borne diseases occupying a large proportion of these. This can be attributed to a number of
factors: the increased tick population in the Northern Hemisphere due to ecological changes,
urbanization and the cosmopolitan lifestyle of modern humans. The diseases we have described were
first reported in humans last century, so there is not yet complete clarity about their biology.
Knowledge of their epidemiology, mode of infection, clinical characteristics and effective therapy is
of essential importance to the health worker. Given the fact that these diseases are a socially
significant and emergency condition, a series of events are needed to increase the knowledge of health
professionals, develop innovative methods for their detection, determine their susceptibility to drugs
intended for their irradiation. Some screening programs, such as testing blood products for the

presence of infectious agents and the development of vaccines, have also yielded positive results.
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