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Received: February 1st 2023 Babesiosis is frequent global wide spread tick-borne infection which influence 

different domestic animals in particular cattle causes global enormous economic 
loss. The global and local endemic of this disease raising several challenges 

posed by uncontrolled infection and parasite diversity through various risk 

factors. Due to availability of these challenges concomitant with limited recent 
prevalence data of various Babesia species, thus this review investigated recent 

available data regarding life cycle, prevalence, method of transmission, clinical 
signs, diagnosis, treatment and control schedules of bovine babesiosis. Also, 

highlighted the local and global incidence alongside whether it is foe or friend. 

The causative agent of bovine babesiosis includes B. bovis, B. bigemina and B. 
divergens; with a typical signs characterized by high body temperature, severe 

depression, hemoglobinuria, anemia and high mortality. Microscopic examination 
of blood smear stained with Giemsa dye represents routine applicable technique 

to confirm the acute infection. However, advanced diagnostic assays such as 

serological and molecular assays were employed with more reliable data for 
confirmation of acute and chronic cases. The major risk factors that are 

participated in global and local endemic and prevalence of the bovine babesiosis 
are related to availability of ticks, prevention measurement, existence of ticks in 

specific region, age and breed of animal, type of babesicidal drugs, general 
sanitary conditions, and nutrition. Other factors include inactive control 

schedules on vectors (ticks), evolution of parasitic resistance. This review 

identified that the disease is challenging and affect agriculture sector particularly 
cattle management field. Thus, specific qualitative studies that focus on of host 

with parasite and tick relations, parasite metabolism, and the possible ways of 
surviving Babesia are required. Additionally, specific and precise studies that 

create predictive measurements of spreading the vector and infection using 

available regional and epidemiological information are of interest.  
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1.1. Historical view 
For centuries, bovine babesiosis is known as threaten 

illness in both wild and domestic animals including 
cattle. The responsible agent for this disease was 

determined in Romania in 1888 by scientist Victor 

Babes. At the first, the scientist thought it is 
Haematococcus bovis bacteria, and the signs of severe 

hemolytic disease in sheep and cattle were 
documented. In 1889, in the United State of America, 

the Texas cattle fever was occurred due to parasite 

infection as Smith and  Kilborne stated which then 
termed Pyrosoma bigeminum. In 1893, they identified 

the tick (Boophilus annulatus) as the source of 
transmitting the parasite, and this discovery 

considered as the earliest information of the 
transmission of protozoan parasites by arthropods. At 

the same year, Starcovici is a scientist that named this 

protozoan as Babesia bovis, B. ovis and B. bigemina, 

respectively. Babesia is the exact name for the genus 
instead of the genus name Pyrosoma (Uilenberg, 

2006; Schultz, 2008; Alkefari et al., 2017; He et 
al., 2021).  

1.2. Classification 

According to Sharma et al. (2013), Babesia 
classified as following: 

Kingdom: Eukaryota 
 Phylum: Apicomplexa 
 Class: Sporozea 
 Order: Piroplasmida 
 Family: Babesiidae 

 Genus: Babesia 
 Species: B. bovis, B. bigemina, B. divergenis (Bock et 

al., 2004; Kuttler, 2018). 
1.3. Life cycle of parasite 

Among various Babesia species, life cycle 

approximately identical with existence of few 
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differences existed because, in some species, 

transovarial transmission occurs while not in other 
species (Friedhoff, 2018). However, Babesia species 

undergo a complex unique life cycle to establish their 
existence through transmission, sharing of infection 

between vertebrate mammals and invertebrates 

(ticks), and forming of different stages. In general, 
Babesia have three stages are gamogony that 

generated from gametes union in the tick gut, 
sporogony found in the tick salivary glands of tick 

which considers as the first phase of asexual 

reproduction, and finally merogony that occurs in 
vertebrate host and considers as an asexual 

reproductive process of apicomplexa (Figure 1), 
(Jalovecka et al., 2019). 

In vertebrates, Babesia species transmit to the 

vertebrate host by the hard tick biting to pass by 
transovarial transmission with eggs of the first 

generation of tick to the next. Infected ticks when 
attached to host, they transferred sporozoites by their 

saliva, to invade host’s erythrocytes (Rodriguez et al, 
2014; Abdela and Jilo, 2016). Each transferred 
sporozoite undergoes binary fusion to form two 

merozoites leading to destruction of host erythrocyte, 
and initiation of asexual reproduction. Then, each 

individual merozoite invaded successfully new 

erythrocytes to complete a merogony. Infective pre-
gametocytes stage occurs in the vertebrate host and 

tick (Chauvin et al., 2009; Suarez and Noh, 2011; 
Garg et al., 2013).  

 

 Figure 1: Babesia life cycle (Jalovecka et al., 2019) 
 

In ticks that represent the definitive host, Babesia 
species evolve a novel strategy as a result of needing 

to adaptation for feeding and molting. In hard tick, the 
parasite develops a capability for persisting into the 

next stage of tick development as known as trans-

stadially transmission, in addition to trans-ovarially 
transmission that allows to spreading of Babesia from 

maternal tick for many offspring (Jalovecka et al., 
2018). Although, many parasites degenerate and 

destroy during erythrocytes feeding, pre-gametocytes 

can be survived to undergoing a furthermore develops 
to elongated gametocytes within the midgut of 

infected tick (ray bodies). In lumen of digestive tract 
of tick, gametes will fuse to forming the elongated 

zygotes, through which, the arrowheads touch the cell 

membranes of midgut and facilitate cell penetration, 
when the zygote will be internalized, it will be 

transform into motile kinetes (Antunes, 2014; 
Adzigbe, 2017). The motile kinetes enter the 

hemolymph through invasion of intestinal epithelial 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chauvin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19379662
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tissues of female ticks and then ovaries as the most 

notable invaded tissues to be transmitted for their 
offspring (Sonenshine and Macaluso, 2017; Ueti 
et al., 2020). In sometimes, Babesia can be 
transmitted transstadially throughout developing the 

tick larvae to nymph then to adult, which represents a 

more importance adaptation in tick’s life cycle 
(Friedhoff, 2018). 

 
1.4. Morphology 

It is varied obviously in accordance to Babesia species 

when is large, measures 2.5-3μm such as B. bigemina 
and B. caballi, or small when measures 1.5-2μm such 

as B. bovis. Morphology and size of the parasite may 
be affected by host factors such as immune response, 

partial treatment and presence of spleen or not, the 
intra erythrocytic structure of the Babesia has pyriform 

shape which is surrounded by two peripheral 

membranes within the cytoplasm of a host (Schuster, 
2002; Uilenberg, 2006). When the parasite enters 

into erythrocyte, it becomes circle in shape which is 
developed into trophozoit ring, then molt to 

merozoites which is characterized by having a tetrad 

body form. The latter can be clearly spotted 
microscopically in Giemsa blood smear and serves as a 

distinguishing feature of bovine Babesiosis (Herwaldt 
et al., 2003; Saleh et al., 2015). 

Babesia bovis presents usually in center of erythrocyte 

as length and width range between 1-1.5μm and 0.5-
1.0μm, respectively. Also, the parasite can appear as 

pair with obtuse angle of each other (Alvarez et al., 
2019). The typical appearance of B. bigemina is like 

pear-shaped with several single various forms. It is 
much longer than B. bovis, and can be existed as pairs 

with acute angles and the length and width ranging 

between 3-3.5μm and 1-1.5μm (Lempereur et al., 
2017). Babesia divergens is measured 1.5μm as long 

and 0.4μm as wide with a general pairs form that 
having greater angle between the members; and 

rarely with circular, pyriform or stout forms with 

erythrocytes (Laha et al., 2015).  
1.5. Epidemiology 

Babesia parasite founded in parallel with the existing 
vectors; however, it present in tropical and subtropical 

region (Nejash, 2016). However, epidemiology of 
bovine babesiosis is based usually on existence of 

infected tick and sensitive host, in addition to other 

factors like geographical features and environmental 

conditions (Bashir et al., 2009; Abdela and Jilo, 
2016). Babesia bovis and B. bigemina exist in Asia, 

Africa, and regions of Southern Europe in addition to 
Southern and Central America and Australia (Kuttler, 

2018). Although, B. bovis and B. bigmeina are usually 

existed at same geographic region, but there were 
slightly different groups of ticks which responsible for 

spreading these species with some variations in their 
distributions including high incidence of B. bigemina in 

Africa, contrast incidence in Asia, and variation in their 

vectors in the United States of America, (Al-Abedi 
and Al-Amery, 2020; Gharban et al., 2022). 

While, Pohl (2013) mentioned that B. bovis and B. 
bigemina were found worldwide, however the high 

incidence occurs in the regions that occupied by 
vector, Boophilus tick which marked between the 

latitude of 32° Northern and 30° Southern.  

In parts of Europe including UK, Spain and Northern 
Europe, Babesia divergens is considered an important 

parasite with evidences that the vector of this species 
of parasite is Ixodes ricinus that distributed throughout 

the Northern Scandinavian to Mediterranean areas 

(Calderón et al., 2013; Wodaje et al., 2019). The 
type of a host has an important role in epidemiology 

since more than one hundred of known Babesia 
species were distinguished to be infected numerous 

kinds of the mammalian host; out of these, eighteen 

species of this parasite have the ability to induction of 
infection largely in domesticated animals and rarely 

humans (Hamsho et al., 2015; Kumar et al., 
2021). Cattle consider the major reservoir host of B. 
bovis and B. bigemina with possibility to infect 
buffaloes (Holman et al., 2011; Alkefari et al., 

2017). The epidemiology of Babesia parasite is 

commonly related to the activity and allocation of the 
vector, the prevalence of vector ticks are reports from 

April to October while the peak period were reported 
in May, June, and July because the tick require climate 

with 80% humidity (Pohl, 2013). The introducing of 

ticks infected with Babesia parasite into free regions 
from ticks results in increasing the prevalence of 

infection and incidence of babesiosis outbreaks (De 
Marco et al., 2017). Worldwide, Babesia has a 

significant attention due to severe impacts on health 
status of domestic ruminants in particular cattle (Table 

1, 2).  

Table (1): Iraqi incidence of bovine babesiosis 

Governorates Animal Species Diagnostic assay % References 

Erbil Cattles B. bigemina ELISA 27.27 Ameen et al., 2012 

Duhok, Erbil and 
Sulaymaniyah 

Cattle Babesia spp. Light microscopy 
ELISA 

11.7 
12.4 

Omer et al., 2012 

Al-Qadisiya Cattle B. bovis PCR 47.91 A’aiz, and Sabbar, 2016 

Diyala Cattle Babesia spp. Light microscopy 82.1-86.7 Minnat et al., 2016 
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Wasit Buffalo B. bigemina Light microscopy 

ELISA 

PCR 

1.68 
25.7 

11.73 

Alkefari et al., 2017 

Al-Najaf Buffalo B. ovis 
B. bigemina 

Light microscopy 

PCR 

38.30 

7.45 

Ateaa and Alkhaled, 

2019 

Wasit Cattle Babesia spp. 
B. bovis 

B. bigemina 
B. divergens 

Light microscopy 
PCR 

PCR 

PCR 

12.78 
24.44 

8.89 

1.11 

Al-Abedi, and Al-Amery, 

2020 

Basrah Cattle Babesia spp. PCR 27.14 AL-Mayah and Abdul-
Karim, 2020 

Table (2): Global incidence of bovine babesiosis 

Country Animal Species Diagnostic assay % References 

Ethiopia Cattle Babesia spp. 
B. bigemina 

B. bovis 

Light microscopy 21.7 
15.53 

6.17 

Fesseha et al., 2022 

Saudi Arabia Cattle Babesia spp. 
 

Light microscopy 2.49 Alanazi et al., 2020 

Turkey Cattle B. bovis 
B. bigemina 
B. divergens 

Light microscopy 0.08-0.9 

2.5-15.4 
7.4 

Aktas and Ozubek, 

2015 

Iran Cattle Babesia spp. PCR 7.1 Khamesipour et al., 

2015 

China Cattle B. bovis 
B. bigemina 

B. ovata 

PCR 20.7 

9.3 
1.5 

Niu et al., 2015 

India Cattle 

Buffalo 

B. bigemina Light microscopy 

PCR 

2.17 

3.96 

Kaur et al., 2021 

Egypt Cattle B. bigemina PCR 19.33 El-Dakhly et al., 2020 

Ethiopia Cattle Babesia spp. Light microscopy 0.6-23 Wodaje et al., 2019 

Bolivia  Babesia spp. 
B. bovis 

B. bigemina 

PCR 8.65 
0.96 

7.69 

Ogata et al., 2021 

Spain Cattle Babesia spp. PCR 2.2 Calleja‐Bueno et al., 

2022 

Malawi Cattle B. bigemina PCR 2.6 Chatanga et al., 2022 

Sweden Cattle B. divergens PCR 53.5 Andersson et al., 2017 

Italy Cattle B. bovis 
B. bigemina 
B. divergens 

Serology 45.4 
17.4 

34.9 

Cassini et al., 2012 

France Cattle B. divergens Serology 

PCR 

7 
20 

Devos and Geysen, 

2004 

Tanzania Cattle B. bigemina Serology 34.9 Swai et al., 2007 

Norway Cattle B. divergens Serology 27 Hasle et al., 2010 

Germany Cattle Babesia spp. 
B. divergens 

PCR 

Serology 

5.8 

43.37 
Springer et al., 2020 

Brazil Cattle B. bovis 
B. bigemina 

Serology 56.4-95.5 

54.8-91.3 
Barros et al., 2005 
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1.6. Transmission  

All Babesia species are naturally transported between 
animals through the tick bites. Infection within the 

ticks was transmitted through the eggs from mother 
ticks (trans-ovarian transmission), and from egg to 

larvae to nymph and finally to adult (transtadial 

transmission) (Ghosh et al., 2007). Transmission of 
B. bigemina occurs usually by one host ticks such as 
Rhipicephalus annulatus (formerly known as Boophilus 
annulatus), Rhipicephalus microplus (formerly known 

as Boophilus microplus), Rhipicephalus geigyi, 
Rhipicephalus decoloratus and Rhipicephalus evertsi. 
For B. bovis, transmission occurs by R. annulatus and 

R. microplus (Friedhoff, 2018). Also, babesial 
transmission can occur between animals through biting 

flies and contaminated fomites by infected blood 
(Belimenko et al., 2019). 

1.7. Pathogenesis 

In vertebrates, Babesia species can cause a disease 
through the effects of both direct damage and immune 

mediated since some infected cases appear an 
immune-mediated hemolytic anemia as one of the 

most common disease indicators (Rauf et al., 2020). 

Gimenez et al. (2010) mentioned that during acute 
infection, pathology of B. bovis resulted by over 

releasing of proinflammatory cytokine and destruction 
of erythrocytes in addition to parasiticidal molecules 

which cause activation of macrophages (Gallego-

Lopez et al., 2019). Subsequently, many studies 
referred that B. bovis has great pathogenicity than 

other Babesia species during acute stage of disease 
(Alvarez et al., 2019; Cavani et al., 2020). 

Parasitemia can induce the micro circulation by 
accumulation of infected erythrocytes in capillaries as 

the most harmful patho-physiological lesion for renal 

and cerebral regions to result in respiratory distresses 
syndrome and cerebral babesiosis with increasing of 

vascular permeability, infiltration of neutrophils and 
edema (Li et al., 2018; De Niz et al., 2019; 

Schetters, 2019). The first defense mechanism 

against parasitemia is incidence of intravascular 
hemolysis that leads to hemoglobinemia in addition to 

hypoxia, anemia and secondary inflammatory lesion. 
While, the second mechanism is activation of 

complements that lead to electrolyte imbalance, 
coagulation disturbance, releasing of pharmacological 

active substance, degeneration of centrilobular liver, 

degeneration in the epithelium of kidney tubule which 
could be due immune pathologic reaction and hypoxia. 

Damage in kidney tubule epithelium causes 
disturbance in the ion exchanges leading to hydrogen 

ion retentions and acidosis (Mahmoud et al., 2015; 

Osman, 2019; Goodman et al., 2021). When 
animal becomes infected with acute cases, 

multiplication of parasite initiated in visceral vessels 
(B. bovis) or in peripheral vessels (B. bigemina) 

reaching a top with evolution of hemolysis that is 

clinically detectable (Gunn and Pitt, 2022). There 
are ischemic alterations in affected heart and skeletal 

muscles in animals that surviving for long time, 
vasodilation and hypotension due to stimulation of 

vasoactive substances production and increasing of 

vascular permeability (Das et al, 2022). With B. bovis 
infection, circulatory stasis and shock resulting in 

disseminated intravascular coagulation associated with 
fatal pulmonary thrombosis and possibly cerebral 

babesiosis (Akel and Mobarakai, 2017). It is well 

known that B. bigemina is an un-complicated 
hemolytic agent and doesn’t cause vascular and 

coagulation effects (Kumar et al., 2014).  
1.8. Clinical signs 

In cattle, Babesia species can cause acute to 
persistent subclinical disease. The status is based on 

age and immune state of infected host, Babesia 

species, strain virulence, and the numbers of infected 
ticks. Although, coffee like colored urine 

(hemoglobinuria) which is the specific sign of clinical 
diagnosed of babesiosis. In addition to remarkable 

elevated body temperature, increases in heart and 

respiratory rates, inappetence, cessation of ruminal 
contractions, icterus, emaciation, progressive 

hemolytic anemia. Furthermore, labored breathing, 
decline in milk production, ocular problems, abortion, 

and decline bulls fertility are seen clinically 

(Constable et al., 2016; Almazán et al., 2022). 
However, there is remarkable variation in severity of 

clinical signs between the main Babesia species. For 
instance, aggregation of erythrocytes in extra-vascular 

and cerebral capillary can be observed in B. bovis 
infections; while in B. bigemina infections, 

intravascular aggregation of infected erythrocyte 

doesn’t occur. Subsequently, parasitemia in acute 

stage of B. bovis is represented 1%; while infections 

of B. bigemina and B. divergens ranged from 10% to 

30% (Goff et al., 1998; Beckley, 2013; Mtshali 
and Mtshali, 2013; Constable et al., 2016). 

1.9. Diagnosis  

Considerable different techniques have developed for 
diagnostic and epidemiological aims, babesiosis is 

generally distinguished based on clinical signs, 
individual history and seasons. However, doubtful 

babesiosis in cattle can be further diagnosed through 

direct identification of the parasite in blood smears by 
direct microscopic examination method or indirectly 

through molecular technique and serological tests 
(Bari et al., 2015; Alvarez et al., 2019). 

1.9.1 Blood smear Examination 

Microscopic method still the standard fastest and 
cheapest technique which applied widely for direct 

identification of a parasite in host blood smears and 
tick tissue of acutely cases (Sharma et al., 2020). In 

chronic cases, this test has limited sensitivity and 
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specificity values due to decreased the percentage of 

erythrocytes infected with Babesia which reduced 
ability to screening organisms and can simply be false 

for an artifact (Mosqueda et al., 2012). Species 
differentiation was perfect in thin film but poor in case 

of thick film (Pritt, 2015). Also, thin films are usually 

suitable to detect the acute infections, but unsuitable 
for carrier cases where the parasitemias are generally 

too much low, so differentiation and identification of 
parasite can be done throughout fluorescent dyes 

(Zintl et al., 2003; Nejash, 2016). Thick blood film 

was more sensitive than thin blood film in about 10 to 
20 times; therefore, it is so useful to detect the low 

level of Babesia spp. infections (Pritt, 2015).  
Infection of ticks by Babesia species can clearly 

checked by staining of the salivary glands of the tick, 
but the foremost disadvantages of this technique are 

inability to identify the species, low sensitivity, and 

thus time-consuming (Becker et al., 2009). In 
carrier animals, the blood smear is undependable for 

detection of the parasite, so the molecular and / or the 
serological diagnostic methods to prove specific the 

antibodies are required (Menshawy, 2020). 

However, microscopic and cultural methods are time-
consuming, laborious, give highly variable results, and 

need for extensive expertise to be performed (Farhan 
et al., 2012; Parija et al., 2015). 

1.9.2. Serological tests 

Among different serological techniques, indirect-
fluorescent antibody technique (IFAT), enzyme linked 

immunosorbent assay (ELISA), and complement 
fixation test (CFT) are the most crucial methods due to 

their ability for detection of specific antibodies in 
chronic infected cases. Hence, these assays can be 

applied successfully in research purposes, export 

certification, epidemiological studies, or when vaccine 
inactivity is suspected (Sparagano et al., 2000; 

Salih et al., 2015; Alkefari et al., 2017). ELISAs 
have developed to detect a number of Babesia spp. 

with more advantages than CFT, IFAT and 

agglutination techniques; however, drawbacks of low 
true positive results (sensitivity) due to past infections, 

and cross reactions can complicated the differentiation 
between some species were described (Spickler et 

al., 2010; Li et al., 2014). 
1.9.3. Molecular techniques 

Diagnostic serological tests are frequently used in 

determination of subclinical infections; however, 
serology has drawbacks such as cross reactivity of the 

antibodies between species and inadequate sensitivity 
in animals with decline parasitaemia levels. For these 

reasons, using specific and sensitive molecular 

techniques becomes necessary for the epidemiological 
investigations (Bilgiç et al., 2013). Based on 

18SrRNA gene, molecular diagnosis using polymerase 
chain reaction (PCR) assay is method of choice for 

detection of the parasite genomic DNA, and to confirm 

of infection in different samples due to higher 
sensitivity and specificity (Sudan et al., 2017). Either 

multiplex or simple amplification PCR 18SrRNA gene 
fragment were the most common methods used for 

detection Babesia parasite in both vertebrate hosts 

and ticks as well as for differentiation between species 
particularly in carrier animals (Shayan and Rahbari, 

2005; Adjou Moumouni et al., 2015). Also, 
18SrRNA considers as a reference gene and widely 

used for molecularly phylogenetic classification of 

Babesia parasite (Zobba et al., 2011). Accordingly, 
accumulated evidence pointed out that the PCR is 

precise method that recommended in diagnosing B. 
bigemina in host and carrier animals(Ganzinelli et 
al., 2020). 
1.10. Treatment  

When the disease is diagnosed earlier, cure is likely 

most successful but with possibly failure if infected 
animals have weakened by anemia (Gohil et al., 

2013). Earlier therapeutic approaches are with great 
efficiency in removing and elimination of parasite from 

circulation in acutely cases within 3-4 days (Ord and 

Lobo, 2015). Imidocarb and amicarbalide compounds 
represent the most active therapies for cattle infection 

with different Babesia species (Wodaje et al., 2019). 
Administration of oxytetracycline can significantly 

reduce the destruction of erythrocytes and parasitemia 

without inhibition development of immunity (Yunta 
and Dietrich, 2019). Vitamins, fluid replacements, 

blood transfusion and purgatives are highly 
recommended supportive therapeutics which aid 

recovery in acute anemic cattle. Anti-inflammatory 
medications (non-steroid) could be applied to reduce 

negative impacts of inflammatory process and its 

associated changes resulting from releasing of 
chemical mediators (Bártíková et al., 2016).  

1.11. Prevention and control methods 
The active programs that exclusively could be applied 

to control and prevent spreading bovine babesiosis can 

be precisely established by three specific methods 
include immunization program, chemoprophylaxis and 

specific vector control program. However, the greatest 
useful and commonly applied way to control of 

babesiosis is the treatment of infected animals and 
chemical control of ticks with acaricides drugs but 

these methods of control are not every time 

completely active, therefore using of immunization is 
the best viable choice (Rajput et al., 2006; 

Almazan et al., 2018). In Iraq, acaricides are 
commonly used for controlling tick infestation; 

however, incorrectly use in almost cases allows 

developing strong resistance to these products in 
addition to their severe economic consequences for 

cattle producers. Globally, it is found that the applied 
vaccination program to prevent disease spreading and 
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ticks control can reduced environmental 

contaminations, expenditure cost, and prevents 
selective drugs resistance to ticks due to over using 

acaricide (Canales et al., 2009; Rodríguez-Mallon, 
2016). Cattle developed a firm immunity followed a 

single infection; therefore, this characteristic has been 

utilized to immunize cattle with the using of live 
attenuated vaccines (Jonsson et al., 2012; 

Marcelino et al., 2021).  
1.12. CONCLUSIONS 

Despite it is dangerous and invasive disease for cattle 

and other domestic animals, babesiosis represent one 
of the most neglected diseases in Iraq with unknown 

significant medical and economic impacts. Therefore, 
specific and precise qualitative and quantitative studies 

that imply the relation and interaction between the 
host, tick, and parasite, also the metabolism process 

of the parasite are immediately required. Furthermore, 

identify the possible explanation of survival Babesia in 
erythrocytes. Moreover, specific and wide demographic 

and epidemiological information availability could be 
used to design predictive program in order to detect 

the spreading and existing way of ticks. 
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