
1 
 

 

Ph.D. Dissertation Titled: 

ANTI TICK VACCINE DEVELOPMENT IN THE DOMESTIC COWS 

OF DISTRICT QUETTA BALOCHISTAN AND TO DETECT THE 

EFFICACY OF VACCINE THROUGH IMMUNOLOGICAL 

PARAMETERS 

 

 

SUBMITTED TO 

 
UNIVERSITY OF BALOCHISTAN 

 

 

 

 

BY 
 

 
 

                     NOSHEEN RAFIQ (PH.D SCHOLAR)  

 

IN 

 

DEPARTMENT OF ZOOLOGY 

UNIVERSITY OF BALOCHISTAN, QUETTA 

PAKISTAN 
(SESSION 2011-2014) 

 
  



2 
 

 

ABSTRACT 

The present study was carried out in different local cattle farms of Quetta (Balochistan 

province Pakistan). The first experiment was focused on the collection and identification of 

various species of ticks. During this study ticks were isolated from cows and buffaloes of 

various farm houses of the Distract Quetta and from the vicinity during the time period of 

April 2012 to June 2014. It was concluded that very large number of cows and buffaloes 

were infested and affected by three species of ticks including Hyalomma aegyptium 

(Linnaeus, 1758), Hyalomma anatolicum anatolicum (Koch, 1844) and Dermacentor 

andersoni (Stiles, 1908). It was revealed that Local Sahiwal and Friesian Sahiwal cows and 

buffaloes were less susceptible to the infestation of these tick species as compared to 

Holstein Friesian which were more infested and affected by these ticks. Milk productivity of 

Holstein Friesian and Sahiwal cows and buffaloes were also found to be reduced and this 

might be due to the infestation of cows and buffaloes by these ticks. 

 

In the second experiment of the present study was emphasized on the effect of Rhipicephalus 

(Boophilus) microplus (Canestrini, 1988) was also given in term of the yield of milk 

production in cattle studied in various farm houses of Quetta.  The obtained results revealed 

that milk production appeared to decline in different species of infested cows due to R. 

microplus. Breeds of Red Sindhi, Sahiwal and Dahni cows when infested with R. microplus 

showed 0.5 liter decrease in milk production, while infested Walaeeti cow (foreign cow) 

breed revealed a significant decrease, at 2 to 3 liters decline in milk production. Thus, our 

present study proved that heavy load of tick R. microplus could be responsible for decline in 

milk production and the study will be useful to estimate the economic loss caused as result of 

the effect of ticks on dairy cattle. 

 

 In the third experiment of this study, cows were found to be more susceptible to severe 

babesiosis because out of a total 82 samples 54.8% were infected. Furthermore, among these 

infested cows 31.1% suffered from severe babesiosis while 42.2% were suffered from mild 

babesiosis. Whereas in contrast, out of 28 observed bull samples, 42.8% were found to be 

infected. Out of these infected bulls 33.3% suffered from severe babesiosis while the 

remaining 33.3% were suffering from mild babesiosis. 
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A forth experiment conducted immunological studies against ticks (H. a. anatolicum (Koch) 

and H. aegyptium)  in domestic breeds of cow Bovis permiginus (Linnaeus, 1758) randomly 

selected from different farms of  the Quetta district. Cows were allocated five groups of 

twenty animals each for immunization and control experiments. Each group was used to 

assess the effect of immunization against ixodid ticks H. a. anatolicum and H. aegyptium 

using extracts from attachment cones made up of cement proteins taken from ticks as the 

source of antigen to detect immunogenicity, cross reactivity, stage reactivity, consistent 

intensity and antiserum reactivity against unfed, partially fed and fully fed ticks and also to 

perform immunological tests (ELISA) for the detection of immunity against ticks in domestic 

cow breeds in these  study areas.  

 

The process of extracting cement cones was performed, using mouthparts of tick species H. 

a. anatolicum and H. aegyptium. In this process common (23 KDa) cement cone proteins 

were recognized on western blots. Putative (23 KDa) tick cement cone proteins (Anatolin and 

Aegyptin) were extracted using SDS (PAGE) from larval cement cones of H. a. anatolicum 

and H. aegyptium respectively which showed immunogenic, stage reactive, cross reactive 

immune response during larval and post larval stages of tick feeding and its intensity 

remained constant throughout parasitic stages (p <0.01). 

 

Common immunological cross reactivity was established among cement cone proteins of H. 

a. anatolicum and H. aegyptium ticks against anti-Hyalomma anatolicum anatolicum cow 

serum using SDS (PAGE) and immunoblotting. During feeding of larvae on tick hosts, the 

first (23 KDa) protein in the cement cone was detected with anti H. a. anatolicum and anti H. 

aegyptium cow antisera after SDS-PAGE using western blots. Western blotted cement 

proteins of both tick species revealed common bands which proved to be an immunogen of 

importance while immunizing the crossbred domestic cow breed Bovis permiginus of the 

Quetta district (Balochistan).The level of significance was p < 0.01. Based on immunoblot 

assays, cross reactivity among the tick hosts H. a. anatolicum (Koch) and H. aegyptium 

established that (23 KDa) cement cone extract antigen molecule was immunogenically 

identical for both ticks. Species studies during the present investigation; intensity of this 

immunogen through larval, nymphal and adult stages of ticks as well as its antiserum 

reactivity with unfed, partially and fully fed stages was also studied to detect consistent 
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intensity. There was consistent stage reactive immunogenic response throughout 

developmental stages of ticks under study (p<0.05). Immune response was evaluated through 

different immunological parameters. Both cellular and humoral immune responses were 

demonstrated through using humoral (ELISA), cellular, cutaneous and hematological 

responses as well as changes in tick behaviour due to immunization. Antibody titres in 

ELISA were positively related to the number of adult ticks feeding per domestic cow breed at 

the time samples collected (Correlation coefficient r = 0.99).The relative concentration of 

eosinophils in “skin eosinophil index” and mast cells in the skin of immunized cows was 

detected, showing significantly higher concentrations in immunized as compared to control 

cows (p< 0.05). There was significant (p<0.05) rise in basophils against H.a. anatolicum 

antigen, observed in the dermis of immunized cows as compared to control animals. Packed 

cell volume (PCV) in immunized cows was high which reflected decreased blood loss. 

 

Post immunization cutaneous responses were detected showing significant increase (p<0.01) 

in mean skin lesion area at the site of inoculation. Cutaneous hypersensitivity was induced by 

infestation by larvae and nymphs on the ears of immunized domestic cow breeds. There was 

more skin thickness in immunized as compared to control. Post immunization haematological 

studies showed a gradual decrease in  haemoglobin (Hb) levels in control cows as compared 

to vaccinated and there were significantly more mean weekly WBC (white blood corpuscles)  

and  RBC (red blood corpuscles) counts within vaccinated groups compared to controls (p< 

0.05). 

 

 Similarly, tick challenge responses were evaluated through changes in tick reproductive and 

feeding behaviors and there was a significant (p<0.01) decrease in tick development, feeding 

performance, counts,  engorgement, fertility, egg counts, egg weight in immunized as 

compared to control cows. A considerable (p<0.01) decrease in tick mean weight in 

immunized domestic cow breeds was observed as compared to controls. There was a 

considerable (p<0.05) difference in non viable eggs, oviposition period and egg incubation 

period among immunized and controls. The moulting of larvae on vaccinated domestic cow 

breeds was reduced by 81.8 % (ANOVA, F1, 2 = 18.51, p< 0.05). There was progressive 

mortality of ticks (46.6 % increases) throughout the feeding stages of ticks parasitized on 

immunized cows. In contrast, the ticks on control showed negative responses. Many of the 
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ticks failed to engorge, or if they did, died before egg lying. There was a significant fall in 

egg mass (p<0.01), feeding and engorgement performance (p<0.01) in immunized cows. 

There was great reduction in the weight of unfed, partially and fully fed ticks parasitized on 

immunized cows compared to controls. The mean duration of feeding time of ticks on 

immunized and control cows was not significant    (p< 0.05). There was 34.9 % reduction in 

failure of the ticks parasitized on immunized cows to lay eggs. 

 

 In the fifth experiment, a putative tick cement protein (D. andersoni (Stiles) 30 KDa) was 

extracted from the cement cone of D. andersoni ticks which elicited a strong stage reactive 

immune response during larval and post larval stages of tick feeding parasitized on the 

domestic cow breed Bovis permiginus. During feeding of D. andersoni tick larvae the first 

(30 KDa) protein in the cement cone was detected when probed with anti- D. andersoni cow 

sera after SDS-PAGE. Western blotted cement protein of D. andersoni larvae, nymphs and 

adults revealed common bands of (30 KDa) which proved to be an immunogen of importance 

while immunizing domestic cow breed Bovis permiginus.  

 

In a sixth experiment effects of vaccine doses emulsified with different adjuvants were 

analyzed using five groups, each cohort comprising 20 domestic cow breeds.  The first group 

was immunized with alum, 2nd with Freund’s complete adjuvant (FCA), 3rd with Incomplete 

Freund’s adjuvant (IFA) and 4th with Montanide ISA-50 (Incomplete Seppic adjuvant) 

adjuvants. Cow breeds administered with antigen + Montanide adjuvant, proved to be the 

most potent adjuvant in this case.  

 

In seventh experiment examined the seasonal effect on immune responses and the correlation 

of seasonal changes and nutritional stress with host immune response. Numbers of tick bites 

on immunized cows were significantly (p<0.01) lower due to seasonal changes and 

nutritional stress as compared to controls. Antibody titers were higher during the spring 

compared to the autumn periods. In addition for conducting an immunization programme in 

Balochistan, potential constraints were also analyzed. 

 

Shelf life and safety profile for vaccine production were also studied in the final experiment 

and recommendations to streamline industrial constraints were examined.  
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This research concludes that (23KDa) cement cone extract from larval ticks Hyalomma 

anatolicum anatolicum as well as (30 KDa) cement cone extract from larval ticks 

Dermacentor andersoni  should be recommended for commercial development as an anti-

tick vaccine against domestic cow breeds of Balochistan (Pakistan). Hyalomma anti-tick 

vaccine has a significance impact on livestock of Balochistan. Proper commercial launch of 

the product by using the sufficient marketing channels, will serve the agrarian societies and 

dairy farmers. The development of Hyalomma vaccine is significant contribution for the 

province and it has the potential to export to neighboring countries, such as; Afghanistan and 

Iran. Hyalomma vaccine (Hyalomma anti-tick antigen) developed in the present study will be 

sent to veterinary Pharmaceutical Industry for patent right and application also will be 

submitted to Pakistan Intellectual Property Organization (PIPO) [application No. 

PO.2016/1244 app.] to patent the vaccine. This vaccine then might be made accessible for 

cattle owners, farmers and marketing in and outside the country. It is suggested to further 

purify the antigens or recombinant antigens may also be used in future.  
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 CHAPTER-I 

INTRODUCTION 

The province of Balochistan in Pakistan is located in the south western region of the country. 

It covers 44% total land mass (Geological survey of Pakistan, 2005), and has less than 5% of 

country’s total population (Population and Housing Census of Pakistan, 1998). It shares 

south eastern borders with Punjab, Federally Administered Tribal Areas (FATA) and Khyber 

Pakhtunkhwa provinces, to the north east Sindh to south east the Arabian Sea, and to south 

west Iran and Afghanistan to the north.  

 

The livestock sector is considered as the back bone of the economy of Balochistan which has 

a very low annual rainfall in major parts of the province. According to population survey 

conducted in 1998 approximately 6.5 million people of the province reside on 348189 square 

kilometers. The annual low rainfall is 500 mm annually in this province and crop culture 

earnings are poor at< 2% of the entire area (Live stock and Dairy Development Department 

Government of Balochistan, 2006). Only northeast districts of Zhob and Loralai receive 400 

mm annual rainfall as compared to the rest of the province (Balochistan Sub Strategy, 1997).  

Reforms are needed for the livestock industries in Balochistan in order to improve the 

livelihood of farmers (Haider, 2008) to uplift the living standards and reduce poverty in the 

province (Afzal, 2008). Livestock in Pakistan is the second largest agriculture sector after 

crop cultivation. Livestock contributes 9% to the Gross Domestic Products (GDP) and shares 

37% of the total agriculture of Pakistan (Economic Survey of Pakistan, 2006).  

 

In the world about fourteen large wild terrestrial species of cattle are found (Diamond et al., 

1997). Cattle have been domesticated through genetic selection by humans. Rapid 

development, restricted reproduction and social activities have been facilitated by this 

domestication treatment. Cows have initially been distinguished as three unique species 

(Brown, and David 2009) including Bos taurus, the European or "taurine" steers (as 

comparable sorts from Africa and Asia); Bos indicus, the zebu; and Bos permiginus 

(Linnaeus, 1758), the aurochs. The aurochs are the ancestors of zebu and taurine cattle.   

Presently these three are assembled as subspecies animal groups, with Bos permiginus 

taurus, Bos permiginus indicus and Bos permiginus permiginus as the subspecies (Opinions, 
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Bulletin of Zoological Nomenclature 2003). The cattle were ill and poor appetite, salivation 

and regurgitation of poorly-chewed feed. In cattle, rumen fluid was successfully collected in 

a tube, could be highly developed to the level of the 7th inter-costal space, and only saliva 

could be collected in oesophagous of cattle (Braun et al., 2014). The cattle stomach has four 

compartments which are rumen, reticulum, omasum, and abomasums. The largest 

compartment is the rumen, while the reticulum is the smallest compartment also known as 

the “honeycomb".  

Omasum is also called manyplies has similar appearance like human stomach and has the 

function to soak up nutrients and water from the predigested feed (Felius et al., 2014). 

Cattle are considered ruminants as their digestive system manage non digestible foods by re-

chewing and vomiting food as "cud". The stomach of cattle contains microbes accountable 

for digesting cellulose and other carbohydrates into free fatty acids, as primary metabolic fuel 

cattle can utilize. The rumen contained microbes which are capable to produce amino acids 

from non-protein nitrogenous sources, such as ammonia and urea.  In cows gestation period  

is nine months and the weight of a newborn calf ranges from 25 to 45 kg (55 to 99 lb). The 

breeding stock usually lives about 15 years (occasionally as much as 25 years). The oldest 

recorded, Big Bertha, died at the age of 48 in 1993 (Friend and John, 1978). 

 Ticks are arthropods belonging to the Class Arachnida, blood sucking ectoparasites, 

associated with mites and spiders, and are ectoparasites of warm blooded animals but few 

species are recognized to teem cold blooded animals (Kakar and Kakar, 2008). There are 3 

tick families generally identified as hard ticks, soft ticks and Nuttalliella (a combination of 

hard and soft ticks) (Guglielmone et al., 2010).  

Ticks have a worldwide distribution and prefer humid and temperate atmospheres and 

typically attach to the legs, under arms and abdomen of their host body (Nuttall and George, 

1905). Numerous species of hard ticks including Haemaphysalis, Hyalomma, Amblyomma 

and Rhipicephalus are reported infesting cows, buffalo and other cattle in India (Shahardar et 

al., 1998). 

 Male ticks (2.5mm) are smaller than female ticks (3mm) (Kakar and Kakar, 2008). The size 

of the engorged female body size reaches up to 11mm. The tick body is separated into an 

http://en.wikipedia.org/wiki/Stomach
http://en.wikipedia.org/wiki/Rumen
http://en.wikipedia.org/wiki/Reticulum_(anatomy)
http://en.wikipedia.org/wiki/Omasum
http://en.wikipedia.org/wiki/Abomasum
http://en.wikipedia.org/wiki/Ruminant
http://en.wikipedia.org/wiki/Digestive_system
http://en.wikipedia.org/wiki/Cellulose
http://en.wikipedia.org/wiki/Carbohydrate
http://en.wikipedia.org/wiki/Metabolic
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Ammonia
http://en.wikipedia.org/wiki/Urea
http://en.wikipedia.org/wiki/Gestation_period
http://en.wikipedia.org/wiki/Big_Bertha_(cow)
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Opisthosoma and capitulum. Over the body of hard ticks the hard shield scutum present 

while the delicate bodied ticks can be effectively recognized from the hard ticks by the 

scutum. Capitulum contains piercing and sucking mouth parts that help in blood feeding. The 

piercing part of mouth is called the chelicerae and specification the hypostome inserted 

scratched hole in the host skin. Cement is secreted from saliva in order to strengthen the 

attachment after insertion of the hypostome. While feeding the tick discharges anticoagulants 

which inhibit host blood coagulation.  The acute seditious reaction can be lead to the feeding 

lesion of tick. In the skin this influx also gives rise in the inflammation and the development 

of wounds. Reproductive organs, digestive tract and legs are comprised of Opisthosoma.   In 

male hard ticks, the scutum completely covers the dorsal surface while in females the scutum 

covers only the anterior portion of the dorsal surface (Iqbal and Nawaz, 2007). 

  

Ticks have sharp sensory organs which are called the Haller’s organ, enabling host detection.  

These are found on the tarsus of the leg. The Haller’s organ is responsible for detecting odors 

and chemical discharge from the host body; it is a distinctive and specific sensory organ as it 

also specialized to perceive air currents and temperature (Sonenshine, 2005; Nicholson et al., 

2009). Detection of an animal by a tick is through its breath, body odor, body heat, wetness 

and sensations, ticks exploiting a mechanism known as “questing” used to attack the host 

body as ticks cannot jump or fly. While questing, they outstretch their forelegs and strongly 

hold their third and fourth pair of legs into the base and as soon as host presence is detected, 

it efficiently jumps on to skin (Centers for disease control and prevention 2013).  

 

Ticks serve as a vector for some pathogenic microorganisms such as protozoa, rickettsia and 

certain viruses like any other group of Arthropoda. The nourishing sores sometimes can be 

further contaminated with larvae of flies that can be sustained the blood and meat of the host 

creating extreme health difficulties for their host (Jongejan and Uilenberg, 1994). As ticks 

are sanguinivore they take up large amount of blood which weakens the host, reducing 

weight and enabling subsequent transmission. Poisons secreted from some ticks affect the 

nervous system and muscles leading to malaise (paralysis) and sometimes death because of 

neuromuscular failure (Mukasa 1981). 
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The life cycle of the majority of hard tick species are completed on three hosts, males die 

rapidly after copulation and after laying eggs the female also dies. Eggs, larvae, nymphs and 

adults (complete metamorphosis) are the four stages in their life cycle. The larval stage has 

six-legs while the nymph and adult stages have eight legs.  The life cycles of some species 

are complete in a few to 90 days, with some specie needing a year or up to 2-3 years. Hard 

ticks life cycles differ from species to species and depend upon numerous factors like 

duration of developmental stage, type of hosts, as well as the capability to stay alive in 

winter. In cattle farming there are significant economic losses due to cattle ticks (Rodrigo et 

al., 2013).  

 

Several domestic animals of high economic importance are reported to die each year due to 

ticks and tick-borne diseases and which is important to control the spread.  Similarly many 

parasitic diseases also causing heavy economic losses to livestock causing decreased 

productivity of (Iqbal, 2004). The best way to control to prevent or avoid the ticks by 

adopting certain hygienic means like separating the infested animals from the healthier ones, 

by cleaning the animal houses through removing weeds and bushes where ticks can survive, 

use of pest repellent plants or by burning the tick infested manure (Edward, 1998).  

Acaricides can control ticks, however these chemicals exhibit destructive effects on animals 

leading to chemical residues in milk and meat and in ticks can develop resistance (FAO, 

1984). Scientists are also devising methods to use pheromones being used with acaricides as 

an effective alternative to conventional methods for achieving tick control (Sonenshine 

1995).Considering the hazards related to the acaricides, biologists are now considering tick 

control by immunological means. Several anti-tick vaccines have been developed and are 

thought to be an effective method against ticks and tick borne diseases. Macrocyclic lactones 

and different classes of acaricides widely used against tick control in the Maxican veterinary 

market (Rodríguez-Vivas et al., 2014). 

 

 The strategies used for integrated tick control depend upon host resistance against ticks and 

the disease transmitted by them (Young et al., 1988). Biological control of ticks using 

antitick vaccines should reduce the reliance on acaricides and allow more widespread 

exploitation of tick susceptible cattle (Jongejan and Uilenberg, 1994).Tick vaccines have 

been successfully used in Australia and some Latin American countries (Willadsen et al., 
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1992). Pakistan and developing countries need cost effective solutions for the control of ticks 

and vaccine development can full fill this demand.  

 

Current research conducted during 2012-2014 under took vaccine trails against ticks and the 

vaccinations damaged the parasites and relied upon specific antibody mediated immune 

reaction. In vertebrate hosts immunoglobulin molecules in the haemolymph of ectoparasites 

pass through gut barriers retaining the activity of the antibody. Tick salivary glands and the 

haemolymph are responsible for secretion of immunoglobulin IG which is present in tick the 

haemolymph Immunoglobulin excretion system. This shows that ticks defend themselves by 

a developed mechanism against host antibody reaction (Wang and Nuttall, 1994). The main 

antigenic source is the tick’s saliva that stimulates immunity of host (Allen et al., 1979; 

Wikel, 1981) with the tick body salivary gland as the largest gland. When ticks starts feeding 

on the host they inject saliva. Cement compounds present in the saliva of ixodid ticks have 

multiple functions as it helps in the attachment to the host and also the mouth part area is 

sealed over the wound site. The tick saliva and salivary glands contains various bio-active 

molecules and enzymes (Nuttall, 1998; Bowman et al., 2004). These components helps in 

obtaining blood meal at the feeding side; these molecules maintain blood flow, the tick 

inhibits the host rejection responses provoked by  inflammatory mediators  and the host 

haemostatic system (Wikel, 1996;  Wikel et al., 1994).  These authors further stated that the 

secretion of paralyzing toxins through saliva of ticks can cause sickness and death of their 

host. Tick borne viruses and tick borne pathogens are present within salivary glands which 

act as the primary organ for their transmission. 

 

Vaccines should not affect reproduction rate such as in pregnancy, calving and growth rates. 

In modern vaccine therapy adjuvants are used as carriers of antigens (Singh et al., 2015). An 

oil adjuvant have been used in vaccines which are high purity formulated  sterile proteins, 

vaccines  used  experimentally  must have  been tested in controlled laboratory experiments 

or if being used in  field conditions can cause unusual responses.  Acaricides are used for tick 

control in dairy farming (Muhammad et al., 2008). There is a difference between acaricides 

and vaccines.  It is high level of short term mortality of acaricides while vaccination shows 

immediate mortality. Hence it has long term control on commercial level   due to more 

practicability. The benefits that might be available while using acaricides (especially DDT i-e 
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Dichloro Diphenyle Trichloro ethane) are harmful for skin and lungs (http://www.cornel.edu/). 

Acaricides use is expensive, increases tick resistance and requires necessary training of 

farmers for its safe use. In expensive and broad costs of pesticides such as carbonates, 

pyrethroid and organophosphate conventional insecticides used within localized areas can 

effective in reducing ticks numbers (Schulze et al., 1991 and 2001a). 

 

Tick species Hyalomma anatolicum anatolicum (Koch, 1844) and Hyalomma aegptium 

(Linnaeus, 1758) Dermacentor sp. feed on the blood of cows, domestic goats, sheep, and 

camels in Pakistan. The life cycle of ticks complete in three to five weeks, at least 4-7 days 

tick larvae feed on host blood and then they drop to the ground, moult into nymphs, these 

nymphs attach to other animals they stay more or less two weeks and feed on host blood, 

once again they fall on the ground, molt and developed as adults, adults again attach to 

another host where they feed and become mature. The only ectoparasite vaccine that has 

been commercially used is the BM86 protein midgut membrane of the cattle tick R. 

microplus (Canestrini, 1988) (Nuttall et al., 2006). 

 

Dermacentor spp. Complete their lifecycle in 3-4 weeks as their rate of growth and 

reproduction is rapid. BM86 and salivary gland proteins used in the form of crude extracts 

have shown significant reduction of disease such as babesiosis and anaplasmosis 

(Jittapalapong et al., 2004b). The tick mouth parts identified as leg like capitulum which is a 

pair of 4 metameric palps (pedipalps) and hypostome it is centrally saw-like on each side of 

which the chelicerae have flat cover not denticulate.  Powerful cutting chelicerae have strong 

teeth at their tips and together with the hypostome is the primary structure. Ticks anchor on 

to the host skin by the help of a cement cone. Cement cones comprise the component which 

could be used as tick vaccine antigens. Ticks with their pathogens can be eradicated by the 

production of antibodies in the larval cement cone antigen and thus the tick skin attached 

ability to host becomes lost. Infectious disease strategies are not capable of killing vectors 

and pathogens while the vaccine could be designed for tick borne pathogens and vectors are 

able to fight against the diseases (Embers et al., 2013). 

Cement protein are of two types exposed and concealed (Nuttall et al., 2006) and exposed 

cement protein is isolated from mouth parts of ticks in the current study. Ticks bite the host 

and release the cement cone protein which comprises of adhesive chemical compound. After 
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the proboscis penetrates in the dermis of the host the tick injects and secretes in to the 

feeding site within five to nine minutes (Figure 1 Hyalomma anatolicum anatolicum with 

intact cement cone and Figure 3 whole mount of Hyalomma aegyptium showing intact 

cement cone). Ticks attach for about 14 days to the skin of the host and anchor the tick 

mouth parts due to cement cone protein which also prevent leakage of fluids. The central 

core of cement cone is formed first as it hardens quickly while a second type of cement is 

secreted forming the outer cortex. 

 

The recent study research design in 2012-2014 is based on the studies which include the 

function of cement, ability of the tick to attach to the host skin and both pest and vector 

population will be minimized. When antigen is taken from the tick larval stage, the cement 

cone as a result may disrupt the larval stage also preventing subsequent infestation. 

Economic effectiveness of anti-tick vaccine is developed, when a tick fails to attach during 

the larval stage. In current research for simplicity and cost effectivity crude unpurified tick 

salivary cone cement was use as antigen rather than truncated cement (Tsuda et al., 2001). 

 

 In the present study during 2012-2014 the cross reactivity among the local tick fauna H. a. 

anatolicum (Koch) and H. aegyptium (Linnaeus) were especially studied to detect common 

immunogenic responses because of drought conditions in Balochistan, lack of livestock 

population and frequent co-feeding of instars of different species on the same host. 

Therefore, there is intraspecific competition which further resulted in competency in taking 

blood meals among the tick species so there are more chances that their salivary cement used 

in the same way developing common immunogen. To observe the efficacy of the developed 

vaccine, the vaccine was evaluated through many immune response parameters. Younger 

cows were randomly selected because exposure of environmental antigen is limited to them 

and that is why 6 months to five and six year old cows were selected for observing tick 

challenge response. Five month old lambs were investigated for tick borne disease by Stuen 

et al. (2011). Recommendations were also made to develop effective anti-tick vaccination 

campaign to streamline industrial constraints. Many studies have been conducted on tick 

borne disease in relation to produce anti-tick vaccine in Balochistan but not a single report 

has so far been published on tick infestation to advise vaccine development for domestic 
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cows in Balochistan, therefore to meet the challenge and to provide tick free cows in this 

region present study was conducted. 
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CHAPTER-II 

REVIEW OF LITERATURE  

The vast majority of vertebrates living on earth are powerless to tick infestation as their 

warmth and smell are attractants for ticks (Harwood and James, 1979). Intensive research has 

been done in the field of anti-tick vaccine development but no research work is reported on 

anti-tick vaccine development in cows from the Quetta city of Balochistan, Pakistan. 

However, sufficient work was done in the field of antitick vaccine development in other 

mammals in this region. Vaccination with demarcated antigen proteins is capable of inducing 

substantial immunity to infestation by ticks. The same immunity can be duplicated by means 

of recombinant antigen vaccination. The current products can mark an imperative inspiration 

towards an integrated approach for the field control of ticks. Ample research work has been 

performed by researchers to develop anti-tick vaccines, however scarce quantity of research 

study has been reported from the province of Balochistan and from other regions of world. 

Anti-tick vaccine development on various animals such as goat and sheep were reviewed by 

Iqbal et al. (2009). 

 

Immunological studies against ticks H.a. anatolicum (Koch, 1844) and H. aegyptium 

(Linnaeus, 1758) were conducted by Iqbal et al. (2006) on young domestic goat breed Capra 

hircus lehri with ages of six months randomly selected from different farms of districts of 

Balochistan. Goats were allocated in to five groups of twenty animals each for immunization 

and control experiments. Each group was used to assess the effect of immunization against 

ixodid ticks H.a. anatolicum, H. aegyptium  by using extracts taken from attachment cement 

cones from mouth parts of larval instars of ticks, as source of antigen to detect its 

immunogenicity, cross reactivity, stage reactivity, consistent intensity against unfed, partially 

and fully fed ticks. 

 

Initially two researchers Johnston and Bancroft (1918) labeled the acquirement of immunity 

against infestation of ticks in livestock. Rhipicephalus sanguineus (Latreille, 1806) was 

studied utilizing the glands of saliva (Garin and Graberev, 1972). Chinery (1973) provided 

the knowledge regarding tick cement. He explained that approximately all Ixodid tick specie 

http://www.cabdirect.org/search.html?q=au%3A%22Asim+Iqbal%22
https://en.wikipedia.org/wiki/Pierre_Andr%C3%A9_Latreille
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exhibit the property of secreting cement during the attachment phase of attachment from their 

salivary glands. Confrontation in challenge of Hyalomma anatolicum excavatum (Koch, 

1844) was studied by (Kohler et al., 1967) through the induction of salivary glands. Tick 

resistance was also described by Allen (1972).   Steven et al. (1980) utilized antigens from 

the Dermacentor tick for the purpose of immunity induction. Stephen and Brown (1988) 

detected the effects of age of host on the manifestation of resistance acquired to ticks. The 

above named researchers also categorized tick antigens responsible for inducing immune 

resistance in the host.  Norton (1983) developed an outline for incorporating methods of 

control in contradiction of the tick species Rhipicephalus (Boophilus) microplus (Canestrini, 

1988) of cattle in Australia. The initial development of (salivary gland) antigens for the sake 

of inducing host resistance against ticks was performed by Wikel (1981) for vaccinating 

guinea pigs using the antigen that has been extracted from the salivary gland also known as 

the cement antigen which demonstrated a momentous level of rejection of ticks following 

challenged after 17 days. Brown et al. (1986) worked on Amblyomma americanum 

(Linnaeus, 1758) and utilized it to obtain tick cone cement and the cement component was 

observed as an effective immunogen that has a 20 KDa molecular weight protein.  Stephen 

and Whelen (1986) recognized and categorized immuno suppression induced by ticks in the 

host. Johnston et al. (1986) used the extracts that were made from adult females for 

immunizing the cattle against the species R. microplus along with this they correspondingly 

perceived induced immunity effects in the tick population. Gill et al. (1986) sequestered 

three of the glycoproteins from H. a. anatolicum (Koch) that includes antigens, one M.W. of 

130 KDa, II with the weight of 103 KDa and III exhibiting a M.W. of 96 KDa. The immune 

serum of rabbit anti-H. a. anatolicum of rabbit reacted in immune blots along with this it also 

induced an instant hyper sensitivity reaction of in rabbits with tick resistance.  

 

The challenges in controlling ticks can be overcome the production of those vaccines that are 

effective from both cost points of view as well as in practical application (Willadsen, 1997).  

He further stated that since 70 years that to some extent or strong immunity can be induced 

using vaccination by the help of several antigens against infestation of tick with a variety of 

antigenic materials such as salivary glands, whole tick homogenates, tick internal organs, 

cement material, tick gut material and salivary gland extracts. The above mentioned 

perspective has been studied several times by Willadsen (1995) and many others. Different 
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researchers illustrated that immunological control is commendable in exploration in the 

future.  

 

 Agbede and Kemp (1986) successfully immunized cattle against R. microplus (Canestrini) 

tick utilizing extracts that were derivatives obtained from female adult ticks. They also 

witnessed tick histopathology from ticks feeding on vaccinated cattle. Furthermore reporting 

the parasite survival on vaccinated cattle demonstrated the induced immunity effects on the 

population of tick. Yasuo and Hiroynki (1987) primarily deliberated G titre immuno globulin 

and antibody of host as well as the activity of antibody in the tick haemolymph. Jassiorowski 

(1990) produced a Food and Agriculture Organization (FAO) report on the utilization of anti-

tick vaccines officially throughout the globe.  The tactics for tick control in various areas 

around the globe except Africa was summarized by George (1990). Brown and Askenase 

(1986) demonstrated that the cement of both types either purified cement cone protein or 

unpurified components of cement has the ability to induce or access measure of resistance to 

infestation of ticks in the  host. Shapiro et al. (1986) investigated and refined a protein of (94 

KDa) from Rhipicephalus appendiculatus (Neumann, 1901) ticks in related research and it 

was found that this isolated protein has the ability to induce skin hypersensitivity that can be 

responsible for a delayed type of reaction once it is administered dermally through injection 

in rabbits which had an developed resistance to the species R. appendiculatus.  Brown, 

(2009) established an innovative antigen inoculation as an anti-tick vaccine. Agi (1989) 

rummage sold antigen from the nymph for the purpose of immunization of different breeds of 

goats as well as sheep in Egypt against Amblyomma ticks. Tick saliva cement components 

are assumed to be linked with events of attachment of ticks on skin of the host transmission 

of pathogens, endorsement of blood meal henceforth the salivary gland is deliberated as a 

possible basis of vaccine of tick antigens (Ribeiro, 1987). Kemp et al. (1986) conducted 

research using tick gut cells against species R. microplus (Canestrini) and researched its 

connection with the immune system of the host. They said that the most important and initial 

event vital is to know that which antigens are associated with resistance that is naturally 

acquired during tick infestation for example during normal attachment followed by feeding 

the materials that expose immunogenic material to  the host. 
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It is clear that there is no doubt that the current rate limiting step in the development of anti 

tick vaccine, as for most anti parasite vaccines lies in the identification of truly efficious 

antigens and their expression as effective recombinants in the past (Willadsen et al., 1988 ). 

 

 Similarly, de la Fuente et al. (2006) proposed useful methods that can be utilized to 

categorize vaccine antigens. The first tactic is the utilization of the immunological response 

of the host that is immunized. Characteristically this method has meant to study the antigen 

that is able to provoke a response by an antibody. The second goal is to recognize the factors 

of tick that are vital for survival and function of parasite and then finally the evaluation of 

these as probable antigens for vaccine production. The third way is rational type of method 

that is associated with the biochemical process of fractionation that implies the evaluation of 

gradually simpler mixtures of protein by adopting the method of parasite challenge trials as 

well as vaccination of host. These authors also stated that the immunological reactions in 

nature are utilized to choose antigens that help to protect the infections in hosts. Sudden 

advance in the field of molecular technologies has a vital influence in the study of the 

discovery of potential antigens as well as simple antigens. With the help of haphazard 

sequencing of clones that are from the library of cDNA extracted from the Amblyomma 

salivary gland has paved a way to catalogue genes articulated in the tissues that are targeted 

(Nene et al. 2002). Almazan et al. (2003) stated that the characterization, documentation and 

identification of active antigen have always been a noteworthy task.  They also highlighted 

that the confined and restricted success of identification and classification of antigens during 

all the above mentioned approaches is very vital and this should be done when a good 

antigen has been observed, found and classified in any of the tick species subjected to its full 

potential. Lee and Opdebeeck (1991 b), Jackson and Opdebeeck (1990) conducted research 

and concluded that no obvious reason is there for the fact that why immunogens are lipids or 

oligosaccharide can’t be defensive and even though there is ample proof of the fact that some 

antigens that are oligosaccharides in nature are very efficient for tick species known R. 

microplus (Canestrini). 

  

Trimnell et al. (2002) studied a protein known as 64P from the ticks Rhipicephalus 

appendiculatus (Canestrini) that had 15 KDa of molecular weight that was categorized as a 

tick cement protein.  Mulenga et al. (2001, 2002) showed that hydrolytic enzymes are very 
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important for ticks because of the immune attack performed on this set of enzymes which can 

have a lethal effect on the tick. Mulenga et al. (2002) also permitted the endurance of both 

tick species. Because of the absence of interaction among the antigens that are concealed and 

the bovine immune system did not have the opportunity to improve tactics to escape the 

response of immune system against the antigens that are concealed . Willadsen et al. (1980) 

described that due to this reason the immune response in contradiction of such type of 

antigen will be more effectual hypothetically as compared to the immune response that is 

natural. 

  

Anti-tick vaccines such as the concealed antigen vaccine versus the exposed antigen vaccine 

exist in the saliva of tick, while the concealed antigens are hidden to the bovine immune 

response (Willadsen et al., 1988). There are two commercial vaccines based on protein 

Bm86. Bm86 was initially isolated using the methods of purifying protein through 

fractionating the entire tick utilizing chromatography method. Bm86 is a glycoprotein that 

can be found in gut cell membranes and plays a vital role in endocytosis as stated by 

Willadsen et al. (1992). 

 

Willadsen et al. (1988) characterized the awareness regarding the control of parasitism of 

tick by immunological methods studied by (Roberts, 1968a; Wagland et al., 1985) more than 

40 years before. The findings of these studies had made it unblemished that presence of 

resistance naturally against ticks in bovines is merely not innate origin but it has been 

acquired throughout successive infestations. 

 

Similar studies have been reported by various authors from different world regions. Workers 

such as De rose et al. (1999) suggested that an additional strategy is utilized to encourage the 

immune response in contradiction of Bm86 was the procedure of the production DNA 

inoculations using the Bm86 gene.  When mice, bovines and sheep are immunized utilizing 

plasmids that encoded for the Bm86 gene it led to humoral immune response that is followed 

by antibody the production particularly the immune globulins of class IgG, for antigen of 

Bm86. The above researchers also illustrated that the subsequent vaccination of sheep 

exhibited incomplete defense in contrast to the consequent infestation of tick. Garcia-Garcia 

et al. (2000) recommended that the variety in efficacy detected among various areas of world 



20 
 

is due to the variations of Bm86 among different populations of ticks. It has been revealed 

via the Bm86 analysis that Bm86 protein has both hydrophilic and hydrophobic potentials, 

those peptides that are synthetic in nature are derivatives of sequence of glycoprotein have 

been established. When these are used for bovines as vaccinal antigens, they are effective 

between 36 to 81 % (Patarroyo et al., 2002). 

 

Researchers such as Allen (1994), Barriga et al. (1999) discussed to scan resistant animals 

using the range of 80 to 99% larvae. It proves to be the initial step for scientists that are 

aiming to control ticks using vaccines. These researchers recommended that a good vaccine 

should be safe for both the applicator and the consumer, because of the circumstance that it is 

not essential to perceive lag phase the application of vaccine contrasting the solicitation of 

chemical products. Barriga, (1999) explained that the mechanism of avoiding that is 

exhibited by parasite from the response of immune system that has been observed in various 

ticks species consist of inhibitors of the complement system, immune suppressor factors, T 

cell cytotoxicity, interleukins and the inflammatory response. Numerous researchers have 

been engaged in identifying innovative tick proteins that can help in the development of 

novel vaccines, researchers are also serving and devoting their determinations towards the 

improvement of immunogenicity of the antigens that have previously been verified by the 

incorporation of recent formulations and adjuvants in the inventive research (Imamura et al., 

2007). Tick vaccines derived from the gut antigen Bm86 have been extensively investigated 

in the quest for a suitable tick control method. This antigen was shown to be partially 

protective against R. microplus field infestations in Australia, Cuba, and in some regions of 

Mexico and other countries while in Argentina and Brazil Bm86 not effective. 

 

Cobon (1997) has claimed that molecule of Bm86 that was expressed in Pichia pastoris has 

the capability of immune stimulation activity itself, accumulative, for instance, responses of 

antibody to rhino tracheitis infectious virus in the cattle. The DNA vaccination potential with 

the plasmid containing Bm86 alone and while administered with IL- 1b-plasmids and 

GMCSF- has been scrutinized in models using sheep, deprived of results that was 

conspicuous. De rose et al. (1999) mentioned that prospect of DNA protein and prime 

boosting was also observed, however two inoculations with recombinant protein endured the 

schedule that is most operative. Leboulle et al. (2002) found that Iris (Insecta: Montodea) has 
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been induced throughout feeding process of tick and is also secreted into the saliva of the 

tick.  It is similar in sequence to the leukocyte elastate inhibitor in pigs. These types of 

proteins are said  to be secreted by the monocytes, neutrophils,  macrophages of human in 

addition to these types of proteins are also expressed during hypersensitivity  type delayed 

reactions. Bergman et al. (2000) extracted and purified a protein of 36 KDa from 

Dermacentor andersoni (stiles, 1908) salivary glands. Gough and Kemp (1993) performed 

research and concluded that antigen is contemporary during the whole life cycle from the 

stage of eggs pre-moulting to the stage of engorged adults (Willadsen and McKenna, 

unpublished work). Hajnicka et al. (2001)  presented the research that demodulate  various 

species of Ixodes tick which are capable of decreasing the level of IL-8 and by means of a 

radio-label they had prepared advancement of substance purification obtained from 

Dermacenter reticulates (Fabricius, 1794) which has the capability to bind the cytokine. 

Thasaneeya et al. (2006) recognized the genes that encode antigens similar to cement that are 

expressed in the tick salivary gland of Haemaphysalis longicornis (Neumann, 1901) and they 

also constructed a cDNA expression library from hard tick salivary glands. The antigens that 

are immunodominant are very vital as candidates for ticks vaccines that are based on the 

cement cone proteins. 

 

Akov (1982) studied the method of defense against the damage caused by oxidative agents 

during ingestion of large quantities of blood and reported the tools to compete with the 

defense of host homeostasis. Approaches directed to the new molecule discovery which can 

be probable candidates for effective vaccine development. The digestion of hemoglobin in 

the gut of tick is intracellular (Akov, 1982) and an enzyme known as cysteine-protease is 

linked to the digestion of hemoglobin (Renard et al., 2002). Abreu et al. (2004) observed that 

the R. microplus (Canestrini) eggs have a proton ATPase that is vacuole-like involved in an 

acidification phenomenon that leads to the activation of proteolytic enzymes. Andreotti et al. 

(2002) observed the occurrence of cysteine protease and trypsin inhibitors. The trypsin 

inhibitors of R. microplus (Canestrini) were separated using affinity chromatography used for 

vaccinating with Freund’s adjuvant in Bos indicus cattle. Riding et al., 1994, Jarmey et al. 

(1995) studied a  proteinase which was a carboxy dipeptidase and  membrane-bound from the 

tick R. microplus (Bm91) that is similar to sequence of angiotensin-converting enzymes 

present in mammals and has stronger resemblance in specificity from biochemical point of 

https://en.wikipedia.org/wiki/Johan_Christian_Fabricius
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view. In the tick salivary gland mainly enzymes are present and during trials of vaccination, 

vaccines with instinctive proteins were efficient as it can also be used as recombinant for 

increasing further effectiveness of a recombinant Bm86 vaccine (Willadsen et al., 1996). 

 

Likewise, Wikel and Alarcon-Chaidez (2001) prepared crude extracts of salivary glands 

during infestation of   tick direct on the host. If the immune response of inhibited host’s is 

dangerous for survival of tick, at that time it is feasible that the tick molecules responsible for 

such exploitation can be targeted by vaccine. For tick inhibition as well as survival these 

molecules are essential as it may lead to tick elimination or even tick death. Hosts give an 

effective response against the parasite. But it requires the knowledge of the basic characters 

of immune modulatory molecules. Auspiciously, current research has identified a number of 

groups, candidate, immune system disturbance at different stages between the appearance of 

antigens and responses of the effectors.  

 

 Sitte et al. (2002) deliberated the connection of Bm86 and antibody responses and the 

distinction between bovine MHC class II allele to suggest that antibody titres observed from 

the partial binding of the Bm86 epitopes, furthermore results of the diverse alleles could 

clarify this difference. From presented results it is hard to estimate the effect of size, however 

it is understood that it clarifies just a small amount of the entire variations between animal 

antibody responses. They also mentioned an animal-to-animal variation in antibody response, 

due to that alteration in adjuvants leading to a considerable reduction. Accomplishing and 

producing a strong antibody response is connected directly to the efficacy of a vaccine.  In 

cattle trials, more than 40 dissimilar adjuvants formulations testing concerned while in model 

animals more than 50 adjuvants were also tested.  Kemp et al. (1986) demonstrated that 

crude concentrates of semi-engorged female ticks had revealed   the efficacy of vaccination, 

responsible by the identification of the antigens using a series of complex protein 

fractionations, after each step through vaccination trials of cattle then antigenic efficacy 

being evaluated. In 1986, it led to the identification of Bm86 which is main antigen (Riding 

et al., 1994; Willadsen et al., 1988). 

 

Scientists such as Willadsen et al. (1995); Rodriguez et al. (1995b); de la Fuente et al. (1995) 

have used the invitro tick feeding assay for studying the effect of other immune components 
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an imperfect model of the whole host parasite interaction. Studies on blood leukocyte 

antisera show a complex blend of antigens has no effect but in the presence of complement 

great gut damage Kemp et al., 1989. Hamilton et al., 1991 stated that after vaccination to an 

out bred population of pet animals shows different immunological responses in vaccine 

development as an important issue. Tellam et al. (1992) worked on the tick gut structural 

integrity showing that the ingesting blood results in an antibody dependent reaction. 

 

The efficacy is a linear function of the log anti-Bm86 titre over a wide concentration range. 

Cattle, on prolonged exposure to R. microplus, acquire an immunity that with Bos taurus 

cattle is usually only partially protective, though with some breeds and in particular B. 

indicus cattle, the efficacy can be higher (Cobon et al., 1995; Tellam et al., 1992; Willadsen 

et al., 1995). As a matter of fact it was not a striking concept of developing vaccine naturally 

through CSIRO research. In the early 1980s, tick internal organs were considered an 

unattractive basis of an antigen. Uptake of host immunoglobulin and vaccination with gut 

antigens complement each other: furthermore, they are limited to extent. The immune system 

of host cellular constituents can harm the tick. This concept followed from the late seventies 

originally described by Allen and Humphreys (1979). 

 

Subsequently, vaccination shows its effectiveness after adopting a proper procedure by 

measuring cattle by infiltration by larval ticks, which recuperating distended adult females 

after three weeks and then measure the weight and capacity to lay eggs (Rand et al., 1989). 

Tick sex pending reduced the weight and conversion to eggs by the amount of inoculation 

with concentration measures of the antigen. Decisively, eggs were lessened because of a 

standard larval infestation to about 90% with respect to infestations on control cows. A 

consequence for the success of larvae hatching from inoculated eggs is altogether detectable; 

this prompted further upgrade of the antibody's adequacy. However, it was rare in 

measurement. Adults and post-expending endurance and egg laying following vaccination 

have been especially effective on the stages of the life cycle. Prediction of the molecular 

weight is 71.7 KDa of Bm86 molecules: as an organic protein (Richardson et al., 1993). 

Anti-complement protein isolated from the saliva of I. scapulars (Say, 1821) was reported by 

Valenzuela et al. (2004). On the other hand, the identification of histamine-binding proteins 

relating to many species was examined by Paesen et al. (1999, 2000).They carried out work 
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with proteins of two histamine binding domains, one low and the considered excess affinity. 

Nausheen et al. (2010) conceded that the dominance of tick incursion and theileriosis in 

small ruminants at National Agricultural Research Centre (NARC) Islamabad and Barani 

Livestock Production Research Institute (BLPRI) Kherimurat district Attock , Pakistan. The 

recognition of Rhipicephalus spp was based on morphological features. Rhipicephalus spp. 

was most common tick infesting both sheep and goats. In sheep the incidence of theileriosis 

was 7.36 %, while in goats it was 3.8%. 

 

Nosheen et al. (2015) identified numerous species   of ticks from the local farms of Quetta 

Districts (Balochistan). Expansive number of bovines and bison were discovered infested by 

three types of ticks including H. aegyptium (Linnaeus), H. a. anatalicum (Koch) and D. 

andersoni (Stiles). It was revealed that Local Sahiwal and Friesian Sahiwal cows and wild 

oxen breeds were less vulnerable to be infested by these ticks in contrast with Australian 

bovines which were infested by these ticks. Milk profitability of Australian and Sahiwal 

dairy animals and wild oxen was likewise observed to be diminished and this may be because 

of the infestation of bovines and bison by these ticks. Likewise, Manan et al. (2007) 

investigated (Ixodid) the importance in this regard, in the frontier region of Peshawar 

Pakistan (Kohat to the south); he identified genera and hard tick infestation of thirty various 

randomly selected herds from fifteen districts.  His observation was noticeable regarding the 

higher tick infestation in late summer and lower in winter. Similarly, Sajid et al. (2007) 

infested domestic ruminants. The research was related to tick populations in Layyah 

Muzafergarah; two districts of the Punjab Pakistan province. The work was carried out on 

cattle, buffaloes, camels sheep and goats. Randomly selected samples were investigated to 

determine tick infestations. Cattle were confirmed with the highest infestation of tick 

populations with Hyalomma anatolicum anatolicum ticks followed by R. sanguineus. 

 

 Another Pakistani worker Iqbal and Nawaz (2007) developed a taxonomic record of 

Haemaphysalis flava ticks (Koch, 1844) in Balochistan. Hyalomma flava was the rarest 

species while H. a. anatolicum was the most abundant. In addition to their seasonal 

prevalence, temperature, rainfall and relative humidity, effects on prevalence was also 

studied. Studies revealed that infestation rate is higher in goats than in sheep. Problems such 

as ecological, topographical, deforestation and aridity have increased tick populations.  

http://www.cabdirect.org/search.html?q=au%3A%22Asim+Iqbal%22
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Khan et al. (2013) analyzed the frequency of tick infestation. He further extended his work 

on climate change with altitude pertaining to geographic distribution in the KPK province of 

Pakistan. The result showed the higher infestation of ticks at high altitudes whereas low 

altitudes resulted in low infestations of ticks. Tick infestation frequency was more 

importantly higher in the arid zone planes rather than the cold areas. In cattle the infestation 

of ticks frequency was higher than buffaloes. 

 

Alim et al. (2009-10) conducted a study to examine the prevalence of hemoprotozoan 

diseases in crossbred and indigenous cattle. The impact of topography, season, age and sex 

were identified in livestock at some stage in this study. The overall prevalence of 

hemoprotozoan diseases was higher in crossbred and indigenous cattle compared to 

babesiosis and anaplasmosis were predominant. Babesiosis was found to be highly prevalent 

in hilly locations. Hemoprotozoan disease is more prevalent in summer season accompanied 

by wet and cold seasons. 

 

Rehman et al. (2004) worked on tick infestation in cattle, buffaloes, goats and sheep in 

Rawalpindi and Islamabad Pakistan the prevalence of five species; Haemaphysalis (H) 

sulcata, Hyalomma anatolicum, H. a. anatolicum, H. marginatum and Haemaphysalis (R) 

erinacei were observed. They reported a high prevalence of Haemaphysalis (H) sulcata and 

H. anatolicum compared to other species. 

 

Marquardat et al. (2005) revealed that ticks are the second most critical vectors after 

mosquitoes. Ticks transmit Rickettsia intracellular species such as Rickettsia, Ehrlichia and 

Anaplasma. Ticks also transmit piroplasm protozoa such as T. annulata, T. parva and 

Babesia bigemina. Fesharki, (1988) observed tropical bovine theileriosis caused by Theileria 

annulata with Hyalomma detritum and H. excavatum tick species involved in disease 

transmission. Kocan et al. (2010) studied the transmission of Anaplasma marginale by ticks; 

both male ticks and the host with A. marginale serve as sources of disease transmission. It 

causes an erythrocytic disease; A. marginale develops in the tick. The cycle starts in gut cells 

and transmission extends to weak host through tick salivary glands. 
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Ribeiero, (1995a) studied that during blood meal of ticks, the tick must cope with 

coagulation, platelet aggregation pain and itch responses. Bowman and Sauer (2004) have 

conceded that salivary glands play an important role for the biological achievement of ticks 

at some stage in off feed and on host periods. During the phenomenon of salivation ticks go 

back to the host with about 70% of the fluid and ion additives of blood meal. Ticks transmit 

pathogens through saliva because the salivary glands are the site of pathogen development. 

The multi functionary activities of tick salivary glands for survival and vector potential 

portray the gland as a target. Susana et al. (1989) studied over more than two million cattle 

which were under the threat of tropical theileriosis transferred from ticks. Pegram et al. 

(1996) reported infestation rates in mature age cows at the beginning of calving changed 

from 3.9 years in tick free herds to tick infested herds at 4.2 years. In the same way, there 

were weighed differences between the two cows; those cows which were free from ticks 

weighted six kilograms more than the tick infested cows. There is also difference in the 

mortality of the both cows; tick free cows have one percent less mortality rate. Calving 

difference was eighty days in both cows .It was estimated during the trail that in a day 8.9ml 

in milk production and one gram body weight is lost due to one engorged tick. On the other 

hand, the dry matter intake in a free of tick cow was 0.83kg which was more than the tick 

infested cows. Jonsson et al. (1998) found that the difference not in the composition of milk, 

packed cell volume (PCV) and total plasma protein (TPP) between control and experimental 

cows. Infestation of tick risk was estimated as 80% and US $ 7000 million losses diseases 

relating to tick effects (McCosker, 2004). 

 

 Therefore, Gharbi et al. (2006) conducted a study in the North of Tunisia Endemic region; 

the study evaluated the economic losses of tropical theileriosis approximately $9388.20 US, a 

major proportion of these economic losses (52%) were due to asymptomatic infection. The 

disease condition with clinical signs of anemia led to highest losses in weight gain, whereas 

disease cases with typical signs led to economic losses of 24%; death was the most important 

element in this case. Due to public safety relating issues, there was indeed need of economic 

estimation as the disease has the capability to diffuse into the human body .The economic 

loss of damage due to ticks is significant. Anemia is caused by ticks directly vector blood-

protozoa and helminths. Furthermore, the animal weight loss was significant. It damages by 

reducing down the quality of hides available for the leather industry. Chief world-wide 
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financial fatalities triggered by ticks are because of their capability to spread various viral, 

bacterial and protozoan pathogens (Iqbal et al., 2006). Cattle production in Tanzania has the 

biggest economic limitation due to tick-borne diseases (TBDs) especially anaplasmosis, 

babesiosis, cowdriosis and theileriosis (Minjauw et al. 1999b). 

 

The development process of effective vaccines against tick is slow, despite the introduction 

of Tick GARD® and GAVAC® BM86 vaccine to the market in 1994. Exposed antigen and 

concealed antigens are two sources which can be used as source of antigen in commercial 

vaccine development. A third group of antigens having properties of both exposed and 

concealed antigens, shows transmission-blocking and protective activity against a tick-borne 

pathogen (Nuttal et al., 2006). Friesian cattle were immunized with two inoculations of Tick-

GARD® vaccine and challenged 30 and 90 days later with Boophilus annulatus larvae, 

derived from 1.2g of eggs. No nymphs or adult ticks were found on the immunized cattle 

during four weeks after challenge. Repeated infestations (two to four) with larvae on three 

other calves during a period of 160 and 390 days after the immunization did not result in 

development of nymphal and adult stages (Pipano et al., 2003). 

 

 De la Fuente et al., 1999 reported that the control of tick infestations and the transmission of 

tick-borne diseases remain a challenge for the cattle industry in tropical and subtropical areas 

of the world. Traditional control methods have been only partially successful and the 

parasites continue to result in significant losses for the cattle industry. Recently, vaccines 

containing the recombinant R. microplus gut antigen Bm86 have been developed. Vaccine 

formulation (Gavac®, Heber Biotec S.A., Havana, Cuba) has been registered and is 

commercially available in Cuba, Colombia, Dominican Republic, Brazil and Mexico. In 

controlled pen trials, Gavac® has been effective for the control of artificial infestations of R. 

annulatus, R. decoloratus and chemical-sensitive and resistant R. microplus strains from 

Australia, Africa, America and Iran. In controlled field trials in Cuba, (35-55%) Brazil, 

Argentina (0%) and Mexico, Gavac has shown a 55-60% efficacy in the control of R. 

microplus infestations in grazing cattle 12-36 weeks after the first vaccination. Field trials 

under production conditions have been conducted in Cuba, Colombia, Brazil and Mexico in 

pure and cross-bred cattle herds. The application of Gavac® has increased the time between 

acaricides treatments by an average of 32 /-21 days (P = 0.0005) resulting in important 



28 
 

savings for the cattle industry. In Cuba, a cost-effectiveness analysis was conducted in more 

than 260000 animals. The cost-effectiveness analysis showed a 60% reduction in the number 

of acaricides treatments, together with the control of tick infestations and transmission of 

babesiosis, which resulted in savings of 23.4 dollars animal(-1) year (-1). These results 

clearly demonstrate the advantage of vaccination and support the application of Gavac for the 

control of Rhipicephalus spp. infestations. In addition, cattle vaccinated with Bm86 were 

significantly protected against infestation with Rhipicephalus decoloratus, but not 

against Rhipicephalus appendiculatus (Odongo et al., 2007). Cattle vaccination with the 

Bm86 homologue of R. appendiculatus affected moulting from nymphs to adults from 95.5 

to 89.3 %, a statistically significant effect (Old et al., 2012). The antigen (approximately 

100 μg proteins per vaccine dose) was delivered subcutaneously as three separate 

inoculations at four week intervals in Montanide ISA 50 V (Seppic). Duration of immunity 

studies revealed that immunity induced with Bm86/Bm95 could last for 5–6 months, which 

has also been suggested after evaluation of the performance of the commercial vaccines 

TickGARD® and Gavac® over a period of 10 years in the field (de la Fuente et al., 2007). A 

single yearly booster vaccination is required to maintain this level of immunity. Gavac® is 

commercially available in Latin American countries such as Cuba and Venezuela. Miller et 

al. ( 2012)  performed comparative study in Texas, USA using Gavac® and a third party-

derived formulation with Bm86, it was shown that efficacy against R. microplus was 27 and 

50–65 % depending on the tick strain and adjuvant formulations used. However, vaccine 

efficacy was close to 100 % against Rhipicephalus annulatus strains. 
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CHAPTER-III 

 

 MATERIALS AND METHODS 

  

 Ticks of different species were picked from eight body regions per cow (Table1 and 2) from 

ten farms of domestic cow Bovis permiginus (Linnaeus, 1758). For this purpose, farms were 

randomly selected from Quetta district of Balochistan, Pakistan. Ticks were collected during 

the period from March 2012 to March 2014 from the cows. The ticks were collected by 

manually from skin and various other organs that are as follow (head, neck, body trunk, 

ventrum, ear, extremities, inner digital skin folds, flanks etc), while the cow skins were 

intensely investigated for the presence or absence of ticks.  The ticks were detached carefully 

and stored utilizing the 70% ethyl alcohol for preservation. Thereafter, each bottle was 

labeled denoting the host specific vicinity of attachment and the date of collection. The 

permanent slide preparation was performed utilizing the techniques described by Cable 

(1950). The identification of tick species was done according to identification keys 

established by (Kaiser and Hoogstraal 1964; Mc-Carthy 1967; Lloyd 2004).  

 

Table 1. Number of different species of ticks found in cows. 

 

Name of species Total Number of species (%) + SD Percentage 

Hyalomma anatolicum anatolicum 544 + 5.53 33.39 

Hyalomma aegyptium 434 + 2.45 26.16 

Dermacenter andersoni 527 + 2.93 31.76 

Rhipicephalus(Boophilus) 

microplus 144 + 1.26 

8.67 
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 Table 2.Total number of adult species of tick parasitized per host on domestic cow breeds 

Bovis permiginus from various selected farms of district Quetta Balochistan Pakistan. 

 

Body sites Ticks 

Mean + SD Percentage 

Head   180 +  2.20 13.37 

Ear pinnae 344 + 3.32 25.55 

Neck   373 + 3.85 27.71 

Body Trunk 267 + 2.30 19.83 

Ventrum   137+ 2.20 10.17 

Extremities   45 + 1.21 3.34 
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EXPRIMENT I. Identification of ticks collected from different farms from the Quetta 

district of Balochistan. 

 

The present study was conducted in the Quetta district was focused on collection and 

identification of all stages of tick species sampled from the local farms of the district. During 

this study 384 Ixodid ticks were isolated from cattle, during the period of April 2012 to June 

2014. The collected samples were microscopically analyzed and identified to the species 

level.  

1.1 MATERIALS AND METHODS: 

A total of 384 all stages of ticks were randomly collected from cows and buffaloes of 

different farm houses of Quetta farm Jan Muhammad Road during the time period of April 

2012 to June 2014. The age of the animals under study ranged from 6 months to 3 years, and 

most were female. Manual inspection was exploited to isolate and collect ticks from several 

host location such as ear, under front legs and hind legs, extremities, inter digital skin folds 

and flank though intensely investigating cattle skin for the absence and presence of ticks. 

After locating ticks, the ticks were detached carefully from different locations of the animals 

to avoid killing. The ticks were then transferred to 70% ethyl alcohol in collection bottles. 

Subsequently, all the bottles were categorized signifying the host, the site of attachment as 

well as date of collection following the method of Kakar and Kakar, 2008. 

All samples were brought to the Laboratory of department of Zoology in University of 

Balochistan (UOB), Quetta.  Later prepared permanent slides of ticks were made by using 

technique defined by Cable, 1950. At the end ticks were scrutinized under compound 

microscopy and the samples of ticks of different species were identified up to the specie level 

with the aid of identification keys established by Kaiser and Hoogstraal, 1964. Mc-Carthy, 

1967. Lloyd, 2004. 

 

Accepted scientific 

name: 
Hyalomma hussaini Sharif, 1928 (accepted name) 

 

 

Synonyms: Hyalomma (Delpyiella) hussaini Santos Dias, 1955 (synonym) 
 

Hyalomma (Hyalommina) hussaini Kaiser & Hoogstraal, 1964 (synonym) 
 

Hyalomma (Hyalommina) hussaini typica Sharif, 1928 (synonym) 
 

 

Common names: Common name Language 

Hussain's Indian Hyalomma English 
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Classification: Kingdom Animalia  CoL LSID 

Phylum Arthropoda CoL LSID 

Class Arachnida CoL LSID 

Order Ixodida TicksBase LSID 

Family Ixodidae TicksBase LSID 

Genus Hyalomma TicksBase LSID 
 

Distribution: India 

Lifezones: - 

Additional data: - 

Latest taxonomic 

scrutiny: 
Horak I.G., 03-Jan-2004 

Source database: TicksBase, 5.6, Jun 2005   

Bibliographic 

citation: 

Nijhof A.M., Guglielmone A.A. & Horak I.G. (2016). TicksBase (version 5.6, Jun 2005). 

In: Species 2000 & ITIS Catalogue of Life, 31st October 2016 (Roskov Y., Abucay L., 

Orrell T., Nicolson D., Flann C., Bailly N., Kirk P., Bourgoin T., DeWalt R.E., Decock W.,  

De Wever A., eds). Digital resource at www.catalogueoflife.org/col. Species 2000:  

Naturalis, Leiden, the Netherlands. ISSN 2405-8858. 

Online resource: http://www.icttd.nl/php/index.php?search_type_genus=contains&input_genus=Hyalomma&  

search_type_species=contains&input_species=hussaini&doaction=getGenusAndSpecies  

 

CoL taxon LSID: urn:lsid:catalogueoflife.org:taxon:5a9e1664-e478-11e5-86e7-bc764e092680:col20161107 

 

Mc-Carthy, 1967 

https://archive.org/.../IxodidTicksacarinaIxodidaeOfWestPakistan/Ixodid. 

MC CARTHY, Vincent Cormac, 1932-  

DCODID TICKS (ACARINA, KODIDAE) OF WEST  

PAKISTAN.  

 

University of Maryland, Ph.D.,thesis 1967  

Zoology 

 

Lloyd D.H., (Mites and Ticks of domestic animals. An identification guide and information 

source. 2004 Volume 15. Issue 4 page 266) 

Statistical Analysis  

 The data collected from each animal were recorded into Microsoft Excel 2007 computer 

program. ANOVA F-statistics at 5% level (p<0.05) was tested to observed the significance of 

variations between the means of the three tick species `as well as among six farm samples. 

All statistical analysis was carried out by using Minitab demo Version 14.1. 

 

http://www.catalogueoflife.org/col/browse/tree/id/5ede24b0534ebd5e1f552d5b9f874a6a
http://www.catalogueoflife.org/col/browse/tree/id/89ac18bfcf1654a9662a600ba06bb494
http://www.catalogueoflife.org/col/browse/tree/id/d4e6d858bdd783584d599dbe96d4bfaf
http://www.catalogueoflife.org/col/browse/tree/id/d52c10c5f123f53c46dad593a656bd2b
http://www.catalogueoflife.org/col/details/database/id/30
http://www.catalogueoflife.org/col/browse/tree/id/4b03c38af5748c16058d905d8d52cdbf
http://www.catalogueoflife.org/col/details/database/id/30
http://www.catalogueoflife.org/col/browse/tree/id/0a8061d389e63998dc15077276333b72
http://www.catalogueoflife.org/col/details/database/id/30
http://www.catalogueoflife.org/col/details/database/id/30
http://www.catalogueoflife.org/col.%20Species%202000
http://www.icttd.nl/php/index.php?search_type_genus=contains&input_genus=Hyalomma&%20%20search_type_species=contains&input_species=hussaini&doaction=getGenusAndSpecies
http://www.icttd.nl/php/index.php?search_type_genus=contains&input_genus=Hyalomma&%20%20search_type_species=contains&input_species=hussaini&doaction=getGenusAndSpecies
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1.2 RESULTS  

 

 The analysis of variations (ANOVA) between means of three ticks species of six dairy 

farms, using F-statistics revealed highly insignificant at 5% level (p > 0.05) as shown in 

Tables 3 and 4 respectively. The ticks collected belonged to two different genera Hyalomma 

and Dermacentor. Maximum numbers of Hyalomma and Dermacentor were recorded in the 

cattle of Samad dairy farm and Meer Ahmed dairy farm followed by the number of H. 

aegyptium (Linnaeus, 1758) recorded in the cattle of Jan Baba dairy farm. Maximum number 

of both H. aegyptium and H. a. anatolicum (Koch, 1844) were recorded in all the cattle of all 

the selected farm houses of Quetta.  

 

Table 3.  Frequency distributions of cow populations collected from the six dairy farms of 

district Quetta during the study period from April 2012 to March 2014. 

 
 

 

 

 

Table 4. Frequency distribution of male and female cattle populations collected from six 

dairy farms of district Quetta. 
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sampling area 
Area 

Codes 

Numbe

r of 

Males 

% 

Frequenc

y males Rank 

Numbe

r of 

Females 

%Frequenc

y of 

Females Ranks 

Smad Dairy farm F1 8 16.00 B 47 14.5 F 

Arif Jan Dairy farm F2 8 16.00 B 58 17.9 C 

Jan Baba Dairy farm F3 8 16.00 B 50 15.4 D 

Sadullah Dairy farm F4 10 20.00 A 61 18.8 A 
Meer Ahmed Dairy 

farm F5 8 16.00 B 59 18.2 B 
Mubark Khan Dairy  

farm F6 8 16.00 B 49 15.1 E 

  

Total 
Number 

of 

Males 50 100.00 

Total 

Number 

of 

Females 324.00 100.00   
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Table 6. Total No. of samples in 2012-2013 and 2013-2014.
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1.3 DISCUSSION 

Ticks were observed on various parts of the host body especially mammary glands, ears, 

udder, neck, groin, tail and anal area. However, udders, dewlap, anal area and tail are usually 

the most infested parts of the animal’s body (Nibret et al., 2012). The adults of Hyalomma 

anatolicum anatolicum (Koch) were mostly distributed on axilla, udder and groin while 

nymphs and larvae were mostly distributed on ears, neck, and tail and also on the axilla. This 

is in agreement with Sajid et al. (2007) who has also reported the same distribution of ticks 

on different parts of cattle body. It was also observed that cattle infested by these ticks were 

affected by different diseases and had low milk productivity. Local Sahiwal cattle were found 

to be less susceptible to these ticks than (Holstein Friesian) Australian cattle and Friesian 

Sahiwal (Sajid et al., 2007). 

Dermacentor andersoni (Stiles, 1908) are vectors of many pathogens, including Rickettsia 

rickettsii, which causes the disease Rocky Mountain spotted fever. This tick is considered as 

a vector of Rocky Mountain spotted fever in different countries such as Canada and 

Northwestern U.S. Anaplasma marginale, which causes anaplasmosis in cattle. This type of 

tick was also found in the cattle of district Quetta. D. andersoni (Stiles) during the present 

study was mostly distributed on the withers and the back of heads of cows of different dairy 

farms of study area, which is in agreement with the studies of Sajid et al. (2007). Cattle 

infested by these ticks were affected by tick bite wounds and severe irritation (Wilkinson and 

Lawson, 1965). Local Sahiwal cattle were comparatively less infested and affected by these 

ticks than (Holstein Friesian) Australian cattle (Wilkinson and Lawson, 1965). 

 

It observed that most of the cattle and buffaloes were also affected by decreased body 

condition, tick bite wounds, severe irritation and alopecia which agree with the results of 

Tavassoli et al. (2007) .In contrast H. a. anatolicum (Koch) parasitizes mainly cattle. The 

detachment and dropping rhythm of the species is so adjusted that it occurs only at the time 

when the cattle are resting in the sheds. The engorged ticks that drop in the sheds find 

suitable niches in the cracks and crevices, where the females oviposit and the larvae and 

nymphs moult to the next stage. The questing larvae that hatch from the eggs and the unfed 

nymphs and adults that emerge from the previous stages can easily find their hosts within the 

same cattle-sheds (Walker and Bouattour, 2003). 

 

https://www.revolvy.com/topic/Vector%20(epidemiology)&item_type=topic
https://www.revolvy.com/topic/Pathogen&item_type=topic
https://www.revolvy.com/topic/Rickettsia%20rickettsii&item_type=topic
https://www.revolvy.com/topic/Rickettsia%20rickettsii&item_type=topic
https://www.revolvy.com/topic/Rocky%20Mountain%20spotted%20fever&item_type=topic
https://www.revolvy.com/topic/Anaplasma%20marginale&stype=topics
https://www.revolvy.com/topic/Anaplasmosis&item_type=topic
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1.4 CONCLUSIONS 

 

From the studies conducted on the on the four different species of cattle and buffaloes of 

district Quetta it was revealed that ticks belonging to two different genera i.e. Hyalomma and 

Dermacentor or three species Hyalomma aegptium (Linnaeus, 1758), Hyalomma anatolicum 

anatolicum (Koch) and D. andersoni (Stiles) were found and distributed on different body 

parts of cattle and buffaloes of different dairy farms of district. Local Sahiwal cows, Sahiwal 

Friesian cows were found to be comparatively less susceptible to these ticks than (Holstein 

Friesian) Australian cows. Most of the cattle and buffalo were infested by these ticks and 

were affected by different conditions such as decreased body condition, tick bite wounds, 

severe irritation and alopecia. 
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EXPERIMENT II. Consideration of Tick Specie, Rhipicephalus (Boophilus) microplus 

(Canestrini, 1888) on the Milk Production of Cattles in the district Quetta. 

 

The current study focused on the effects of R. microplus (Canestrini, 1888) on milk yield 

production in cattle performed in experiment II in various farm houses of the district. In this 

study a total of 773 R. microplus (Canestrini) tick species were collected from 150 infested 

cattle. Ticks were identified on the basis of their morphological features and their impact on 

milk production of infested cows were observed and recorded in liters.  

 

2.1 MATERIALS AND METHODS: 

 

Tick specimens were collected from the different body parts of cows without damaging their 

mouthparts using forceps and preserved in 70% ethyl alcohol during the sampling period 

from March 2014 to December 2014. Complete verification was recorded for specimens of 

each tick for their source of host species. Permanent whole mounts of ticks were prepared 

following the method of Soulsby (1982). Both identification and morphological studies of 

ticks were performed by means of stereoscopic microscopy followed by the keys of 

McCarthy (1967) and Estrada-Pena et al. (2004) and separate the R. microplus from the other 

tick species. Ten cows were also selected randomly to examine decline in milk production of 

four selected cattle species studied during the present investigation. 

 

2.2 RESULTS:  

 

Total 200 cows belonging to four selected species namely Sahiwal, Red Sindhi, Dahni and 

Walaeeti (foreign) were examined in different farms of Quetta during the period from March 

2014 to December 2014 as shown in Table 7, respectively. While the distribution of R. 

microplus on different life stages of these four cow species were recorded (Table 8) 

respectively. In general, the tick problem considerably varies in climatically different areas, 

but it has no significant impact according to age, however, younger animals (below 1 year 

age) were found to be most affected across the age groups of each farm as previously 

determined by Abdul et al.( 2007) . Furthermore, many other factors like diet, sex, lactation 

https://en.wikipedia.org/wiki/Giovanni_Canestrini
https://en.wikipedia.org/wiki/Giovanni_Canestrini
https://en.wikipedia.org/wiki/Giovanni_Canestrini
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also have influenced tick survival on animals. Likewise, O'Kelly and Seifert (1969) and 

(Seifert,1971)  reported that wheat straw diet, male sex and wet cows or lactating cows had a 

large tick load as compared to Lucerne diet, female sex and dry cow that revealed small load 

of ticks, but pregnancy had no impact. Tick numbers may change due to seasonal changes 

(Turner and Short, 1972). In addition, the type of species also shows variation in their 

resistance to risk of ticks such as Bos indicus cattle and other than crosses carry fewer ticks 

and show resistance which is heritable higher than in Bos taurus. Economic losses caused by 

ticks of cattle indicating that an average per day mature tick caused a growth rate reduction 

equivalent to almost 450 grams per year.  

 

Tick are formidable arachnids , capable of not  only transmitting the pathogens  involved in 

some infectious diseases but also of inducing allergies  and causing toxicoses and paralysis, 

with possible fatal outcomes for the host (Hall-Mendelin et al., 2011). Moreover, due to long 

tick infestation times, R. microplus (Canestrini) can induce anemia in infected cattle.  

 

Table 7. Total number of cattle’s studied in different farms of district Quetta (n=200). 

 

Number of Infested animals* Number of non-infested animals* 

sAdult 

male 

Adult male  Young  Younger  Adult 

male 

Adult male  Young  Younger  

(< 2 year)  (> 2 Years) (< 1 year)  ( >1  year) (< 2 year) (> 2 Years) (< 1 year) (> 1 year) 

30 40 50 30 15 20 5 15 

Calculated *p-value is 0.01 at (p>0.05) 

Hypothetical t-test (p>0.05) was applied to evaluate the comparison between infested and 

non-infested cattle’s in different farms of district. Calculated p values (p>0.01) was found 

less than the 0.05 and it reveals that the level of infested cattle were found higher than the 

non-infested cows. 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hall-Mendelin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21396246
https://en.wikipedia.org/wiki/Giovanni_Canestrini
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Table 8. Distributions of Rhipicephalus (Boophilus) microplus (Canestrini) on different life 

stages of cattle. 

 

                                Number of Rhipicephalus (Boophilus)  microplus on each  life 

stages of Cow (N) 

Year 2014                                    

Adult 

male(>3 year) 

Adult 

female(>3 year) 
Young 

 (< 8 Months) 
Younger 
(< 1year) 

March 19 10 20 10 

April 10 9 14 20 

May 18 20 15 20 

June 20 14 18 30 

July 14 20 30 40 

August 27 25 24 50 

September 13 28 28 10 

October 14 24 24 20 

November 10 20 20 10 

December 5 20 20 10 

Total number of samples  150 190 213 220 

% frequency 19.4 24.6 27.6 28.5 

Rank D C B A 

 

 Table 8.a: Shows the impact of on the milk production Rhipicephalus (Boophilus) microplus of four cow 

species. 

 

cow  species 
 No. of 

Rhipicephalus(Boophilus)microplus 

Milk production 

infested cows 

(liters) 

Milk production 

infested cows 

(liters) 

Red sindhi 146 3.5 4 

Dhani 186 3.5 4 

Walaeeti 247  9 -10 10-12 

Sahiwal 278 6.5 0 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Giovanni_Canestrini
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Studies of Seifert et al. (1968) also reported that the average blood uptake (0.3 ml) of an 

engorged adult female amounted to about twice its own weight. Springell et al. (1971) found 

that infested animals had apparently lost their ability to adequately replace haemoglobin and 

plasma albumin, while globulin synthesis was increased presumably because of an 

immunological response. 

 

2.3 DISCUSSION: 

Tick infestation may also depend upon the change in body composition, for example infested 

animals are reported relatively with more fat body and less muscular than uninfected animals 

(Springell et al., 1971). The results of experiment II revealed that Red Sindhi, Sahiwal and 

Dahni cows when infested with R. microplus (Canestrini) showing 0.5 liter decrease in milk 

production as compared to those individuals which were not infested. While Walaeeti cattle 

that were infested with 247 R. microplus showed significant decrease (2 to 3 liters) in milk 

production compared with same species that not infested. Detailed comparison of milk 

production (in liters) of infested species with the non-infested cattle were calculated and 

recorded in (Table 8.a) respectively.  Our results were in accordance to the Horn (1983) who 

reported the predictable decrease of more than 50% of milk production in most of dairy 

farms in Brazil. According to Bedane et al. (2012) most livestock owners and health 

professionals believe that ticks are responsible for udder damage and blind teats which are 

major influencing factors responsible for the decline milk production. Certainly, extreme tick 

loads could be responsible for more than the collapse of lactation but can also lead to the 

death of the host. Anaplasma marginale is a tick fever also transmitted by R. microplus in 

cattle hosts (Rogers, 1971). From the present study it was concluded that R. microplus has an 

impact on milk production of most cattle breeds which are infested. 

A healthy udder is one of the important parts of the cow's body. It produces good quality 

milk for both human consumption and the calf. Certain preventative measures should be 

applied to promote good udder health. These measures differ and depend on the specific 

condition. Teat lesions can be mild or severe. Immediate attention should be given if any 

https://en.wikipedia.org/wiki/Giovanni_Canestrini
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lesion is observed. Many of these conditions cause milk shortages to the calf or for household 

purposes. 

2.4 CONCLUSIONS: 

 

From the obtained results it was concluded that the cattle tick, R. microplus (Canestrini) is 

responsible for the decline of milk production in cattle .The tick parasite also has an adverse 

effect on growth rate, body composition, anemia and loss of appetite in heavily tick infested 

cattle was found to be responsible body weight reduction (Seebeck et al., 1971). Thus, 

infestation of cattle ticks is significant reason responsible for economic losses to all 

industries associated with dairy industries throughout the world. Therefore present research 

work is very important from a livestock point of view because it has its own worth in cattle 

farming ad by adopting certain measures we can abolish ticks that may cause severe 

devastation to livestock. 

 

 Control should be based on an understanding and management of ecologic factors 

responsible for tick infestations and selection of appropriate acaricides. Tick infestation is a 

significant cause of economic losses to the dairy industry all over the world. The use of 

acaricides is the most commonly used method of tick control. To the extent possible, dairy 

farmers and veterinarians should make use of an integrated tick control strategy based on 

utilization of biological control method, breeding for tick resistance etc. The use of vaccines 

for tick control is on the horizon. 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Giovanni_Canestrini
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EXPERIMENT III. Prevalence of babesiosis (Tick borne disease) in randomly selected 

farm house of district  Quetta.                                                                                                       

Health condition of livestock and their production can be affected by ectoparasites (Khan et 

al., 2013).Ticks are widely distributed in Bangladesh, India, and Pakistan. They are 

transmitters of numerous etiologic agents that cause serious threats to both public health and 

livestock industry in the region (Gosh et al., 2007). Babesiosis is an economically important 

and chief arthropod-borne disease which is commonly known as cattle fever or tick fever 

abundantly found throughout the world. In this experiment, a total of 110 cattle including 82 

females (cows) and 28 males (bulls) were analyzed from different farm houses of Quetta city 

to check the infestation of ticks as well as suffering from tick borne babesiosis. The foremost 

impact that occurs in cattle industries bovine babesiosis causing massive economic 

consequences due to loss of meat and beef production in infected animals (Mosqueda et al., 

2012).In cattle, four Babesia species are mostly found including, Babesia divergens, B. 

major, B. bigemina and B. bovis. The maximum economic losses occur due to two species, 

B. bigemina and B. bovis, which are transmitted by R. (Boophilus) microplus (Sevinc et al., 

2001). The most prevalent species are B. bigemina and Babesia bovis, which are found 

throughout the tropical and subtropical regions of the world. The economic losses from these 

two organisms are of considerable importance, particularly in developing countries. 

Babesiosis can be controlled with vaccination and can be treated with antiparasitic drugs. 

Bovine babesiosis is caused by B. bigemina and B. bovis continues to be a significant 

restriction to livestock production in tropical or subtropical climates (McCosker, 1981). 

Therefore, present study was designed to find out the prevalence of babesiosis in tick infested 

cattle at five farms of the Quetta district in order to provide information regarding the 

economic loss that is occurring due to the spread of this tick-borne disease in dairy farms.  

 

3.1 MATERIALS AND METHODS:  

 

Blood samples were taken from 110 tick infested animals including 28 bulls and 82 cows in 

to sterile tubes containing anticoagulant collected from jugular veins of the animals during 

the study period from October 2013 to July 2014. Identification of Babesia parasites is 

undertaken using microscopy as described previously Mosqueda et al. (2012). 
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Thin blood smears were prepared and air dried for fixation with absolute methanol for 10 

minutes, and then stained using Giemsa. Prepared slides were then examined under stereo 

microscope to observe the presence of Babesia organisms.  

 

3.2 RESULTS: 

 

The obtained results of experiment III were presented and recorded in the Tables 9 to11 

respectively. These results revealed that the prevalence of babesiosis in randomly selected 

farms of district Quetta was found to be highest in the cattle farm located at Nagori Satellite 

Town followed by Nasir Awan Jan Muhammad road, Gul Khan Kowari road in decreasing 

order. While lowest values of prevalence were recorded in farms located at Muneer Khan, 

Jan Muhammad road and Bismillah Satellite Town as shown in Table 9 respectively. 

Furthermore, in general, the prevalence of babesiosis seems to be higher in cows, than bulls 

(54.8%) (n=82). While the rate of infestation in percentage (%) of babesiosis in cows and 

bulls examined in selected farms of district has shown in (Table 10 and 11) respectively. 

Bennet et al. (2006) reported that there is a chance to relate the occurrence of tick-borne 

disease due to the change in climate because a positive relationship had been observed in the 

prevalence of these tick diseases with mild humid, warm winter and summer. 

 

Table 9. Prevalence of ticks in randomly selected farms of distract Quetta. 

           
Farms Total No. of cows Infested Total No. of bulls Infested 

Gul khan kowari road 18 11 5 2 

Nasir Awan Jan Muhammad road 22 13 8 3 
Muneer Khan Jan Muhammad 

road 9 4 2 1 

Nagori satellite town 26 15 11 5 

Bismillah satellite town 7 2 2 1 

Total               82    45           28         12 

% of infested cattle  54.8  42.8 
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Table 10. Infestation rates in percentage for babesiosis in cows examined in various farms 

of district Quetta. 

 

 

Farms location 

Total 

examined 

cows 

Babesiosis 

positive mild Severe 

Gul Khan Kowari road 11 5 3 2 

Nasir Awan Jan Muhammad road 13 4 3 1 

Muneer Khan Jan Muhammad 

road 4 2 2 0 

Nagori Satellite Town 15 7 5 2 

Bismillah Satellite Town 2 1 1 0 

Grand total 45 19 14 5 

Percentage   

 

42.2% 73.7% 35.7% 

 

 

Table 11. Infestation rate (%) in percentage for babesiosis of bulls examined in various 

farms of district Quetta. 

 

 

Farms location 

Total 

examined  

bulls 

Babesiosis 

positive mild Severe 

Gul Khan Kowari road 2 0 0 0 

Nasir Awan Jan Muhammad road 3 1 1 0 

Muneer Khan Jan Muhammad 

road 1 0 0 0 

Nagori Satellite Town 5 2 2 1 

Bismillah Satellite Town 1 1 1 0 

Grand total 12 5 4 1 

Percentage 

 

41.7% 80% 20% 
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3.3 DISCUSSION: 

From the results of this study, it was noted that cattle were more prone to mild babesiosis, as 

indicated in Tables 10 and 11. Out of the total number of babesiosis positive cows (42.2%) as 

indicated in table 10, 73.7% suffered from mild babesiosis while 35.7% suffered from severe 

babesiosis. In contrast, out of the total babesiosis positive bulls (41.7%) 20.0% had severe 

babesiosis, and 80.0% were suffering from mild babesiosis. The results of present study 

correlated the babesiosis prevalence range of Chandrawathani et al. (1994), Bell et al. (2004) 

and Oliveira et al. (2005) who reported prevalence range about 70 to 100 %. Stevens et al. 

(2006) reported that such variation in tick infestation rate is not only connected with the 

change in climate also the vulnerability of the breeds that are kept by farmers. The choice of 

new productive breeds, intensified production as well as husbandry practices that are 

traditional to a certain extent than modern techniques has led to an amplified receptiveness to 

parasites. According to McCosker, (1981) the majority of the 1.2 billion cattle of world are 

exposed to babesiosis, but this estimated figure had not clarified the number at risk to 

disease. McLeod and Krist janson (1999) developed a (Tick Cost) spreadsheet model to find 

out the overall tick and tick-borne diseases impact and also reported and calculated control 

and losses of anaplasmosis and babesiosis. They concluded that these two tick-borne diseases 

alone can create yearly losses at 16 US$ at 9m per year in Australian cattle industry with 

‘tick worry’. Thus, our present study provides useful information related to the prevalence of 

babesiosis in district Quetta, Balochistan that could be very helpful for the future study of 

bovine babesiosis and to estimate the economic loss due to their high prevalence rate in the 

dairy farms of the district. 

 

3.4 CONCLUSIONS: 

 

Babesiosis is an emerging, tick-transmitted, zoonotic disease caused by hematotropic 

parasites of the genus Babesia. Babesial parasites are widespread blood parasites in the 

world. Babesia spp. have considerable worldwide economic, medical, and veterinary impact, 

developing mild syndrome with similar symptoms to flu. It shows severe symptoms that may 

cause sepsis even death. 
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A better understanding of some anomalies of the parasite epidemiology in cattle, such as the 

low incidence of Babesia infections in the tick population even in areas where babesiosis is 

endemic, will lead to improved control mechanisms.  

Current research indicates a low prevalence of cattle infection caused by babesiosis in 

sampling areas such as Bismillah farm house which exhibited a very low occurrence 

of Babesia parasites. The high incidence about less than 80% of babesiosis in cattle from 

Nagori farm house of satellite town sampling areas suggest, that babesiosis infection has 

developed endemic stability. Finally, recommended further studies focusing identification of 

tick vectors along with molecular detection of hemoprotozoan diseases for taking further 

control strategies in the study areas. 
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EXPERIMENT IV. To evaluate the effect of inoculation against ixodid ticks Hyalomma 

anatolicum anatolicum (Koch, 1844) and Hyalomma aegyptium (Linnaeus, 1758) using 

extracts from attachment cones made up of cement proteins, taken from ticks as source of 

antigen. 

 
Experiment iv was planned to develop a vaccine from ticks that can act as anti tick utilizing 

incompletely fed, unfed and completely fed tick cement cone antigen. It was demodulated from the 

two ticks species H. aegyptium (Linnaeus) and H. a. anotolicum (Koch) and to test its 

immunogenicity through certain parameters, stage reactivity, antiserum reactivity. 

 

4.1 MATERIAL AND METHODS: 

4.1.1 Preparation and purification of antigens: 

Under denaturing conditions the cement cone purification method (Pharmacia) was used for 

the purification of proteins .In addition, three different categories of purification were used 

for Purification. Three of the phases of purification were captured, intermediate purification 

and Polishing (Hand Book “Protein Purification” Amersham-Pharmacia Biotech). Hyalomma 

anatolicum anatolicum , H. aegyptium  were separately placed for 1to 2 days among ticks 

which were incompletely fed, unfed and fully fed, in order to dislodge the cement cone from 

mouth parts of ticks, under dissecting microscope (Switzerland) to remove remaining 

cement. After  the cement cones were crushed and washed in 10 mM PBS (pH 7.4),blended 

and vortexed (Barnstead/Thermolyne Maxi Mix II, IOWA USA, ) in chilled PBS (Phosphate 

buffered saline [10 mM phosphate, 140 mM NaCl ( pH 7.2) ] (Walker et al.,1984) then 

sonicated  (9 mm probe, Soniprep-150 PLUS, MSE,UK under cold conditions and the sample 

was then mixed with  buffer solution (0.5 M tris glycine pH 6.8) containing 10 % SDS, -

mercaptoethanol 3 % and glycerol 30 % in ratio of two volumes of cement suspension plus 

one volume of sample buffer. The solution was heated at 40C for 05 minutes, spun at 

8000xg (Clifton 000 series, Nickel electro Co. England) for 10 minutes and supernatant was 

decanted through floatation method, filtered through 0.45 µM  filter (Sartorius) and stored at 

2C in the presence of protease inhibitor (Protease inhibitor cocktail with mammalian cell 

and tissue extract DMSO. Sigma-Aldrich) for further experimentation. 94.5 % level of 

purification was achieved. 
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4.1.2 Protein molecular weight determination: 

Protein SDS-PAGE was used as a data source for protein molecular weight determination. 

The standard curves were built afterwards digitizing a gel image and accepted curves based 

on the protein mobility (prestained markers). Calculation of Functional relationship between 

proteins relative mobility (Rf) and molecular weight of standard proteins was expressed by 

this exponential equation. 

Log (MW) = a+ b x Rf  

By substituting Rf in the above deductive exponential equation molecular weight of the 

cement cone antigen was calculated. For statistically vigorous results numerous gels were 

processed. For determination of molecular weight, the fractions of tick salivary cement cone 

antigen had been subjected to Disc Electrophoresis SDS-PAGE (Sodium-Dodecyl-Sulphate 

[BDH, Poole. England  Polyacrylamide gel electrophoresis based on the gel system defined 

by Laemmli (1970). SDS-PAGE was carried out on a vertical slab gel electrophoresis 

apparatus (Sci-plas PSU 400/600 U.okay, Figure 35) at 100 Volts and 250 m A the usage of 

3 % stacking. 5 % isolating (resolving) acrylamide/ bisacrylamide gel in 1.5 M Tris HCl (pH 

8.8, with 0.25 % SDS. Gel dimensions were 1.5 mm thick x 7.0 cm lengthy x 10 cm in size. 

Gel assembly is attached to a heat exchanger immersed in circulating bath. Bromophenol as 

tracking dye was used. Pre stained recognized molecular weight markers ranging from 29-

116 KDa (Bio-Rad Richmond C.A, USA), 29 KDa (Carbonic anhydrase), 45 KDa 

(Ovalbumin), 66.3KDa (BSA),  and 92.5 KDa (Phosphorylase) ,  galactosidase (Bio-Rad 

Richmond C.A, America) was used according to the manufacturer’s instructions in each gel 

simultaneously. 

The protein extract concentration was estimated using Bradford (1976) method. To identify 

the tick cement proteins some of the gels were stained with 0.1 % Coomassie superb blue R-

250, natural (Acros organics, N.J, U.S.) in fixative 40 % methanol, 10.5 % acetic acid and 

some plates have been western blotted.  Bio-Rad’s protein assay, based on the Bradford’s 

dye-binding procedure is a simple colorimetric assay for measuring total protein 
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concentration. The standard essay is used with samples having protein concentrations 

between 200 µg/ml and 1,400 µg/ml (20-40 µg total). The microassay is used with samples 

having concentrations < 25 µg/ml (1-20 µg total), then the assay has been automated for 

rapid determination in 96-well microplates. 

4.1.3 Western blotting:  

Gel was soaked in the same volume of transfer buffer for 20 minutes to remove SDS. The gel 

sandwich was assembled and air bubbles were removed and the sandwich was placed in gel 

cassette and closed with latch. Frozen bio ice cooling unit was also placed in the buffer tank. 

Standard stir bar was dropped in the tank for maintaining even buffer temperature and ion 

distribution. Sandwich was closed by placing scotch brite (3M) pads. For western blot assay, 

cement cone antigen of tick (Hyalomma anatolicum anatolicum) was electrophoresed across 

the gel and transblots were prepared on to 0.2 µm nitrocellulose membrane (Amersham ≠ 

RPN 203 D-350N) in the mini trans-blot electrophoretic cell (Bio-Rad ≠ 170-3940) using 

discontinuous buffer system according to the procedure of Towbin et al. (1979) using 

Towbin transfer buffer, tris-glycine (25 mM tris, pH 8.3, 192 mM glycine, 20 % v/v 

methanol [pH 8.3] (Appendix. XI) + 1 gm SDS up to I L with water) (Website: R. kim: 

private BSDC protocols/western) at 30V and 90 m A (Bio-Rad Cat No: 170-3930) constant 

current at 4ºC.   Nitrocellulose membranes and scotch brite pads were cut down according to 

gel dimensions. The blot was then run (30 V, 90 mA) for 1 hour (Bio-ice cooling).Remove 

nitrocellulose membrane and place in a clean sandwich box. Rinse the unit with distilled water, 

dry with paper towels and air dried.  

4.1.4 Antibody probing: 

 After transfer, a thin strip of nitrocellulose membrane was stained with 0.1 % amido black 

for 20 minutes to monitor the transfer of bands. The remaining membrane was blocked to 

reduce noise in 3 % lactogen in phosphate buffer, with 0.01 % Merthiolate, pH 7.2 (PBM), 

overnight at 4ºC. The blots were cut out of the blocked membrane into strips corresponding 

by the lanes on the gel and were dried between sheets of blotting paper.  

 



51 
 

4.1.4 Primary probing: 

 Each strip was tested against cow anti-Hyalomma anatolicum anatolicum cement cone hyper 

immune serum, anti cow Hyalomma aegyptium hyper immune serum for 1 hour at 37 ºC. 

4.1.5 Secondary antibody:  

For control cow samples, one nitrocellulose strip was simultaneously reacted with negative 

(Pre-immunization) cow serum, PBM (diluent) and with reporter enzyme avidin-horseradish 

peroxidase. 

After destaining, gels were soaked in an aqueous solution of 5 % glycerol, 10 % acetic acid 

for 30 minutes and dried at 80 ºC on to filter paper in a gel slab drier (Bio-Rad. Richmond, 

CA,USA) and gels were scanned by gel image documentation system (WEALTEC- Dolphin-

View).  

4.1.6 Blot staining: 

 Blot was stained through colorimetric method; 1-2 ml of Promega TMB stabilized substrate 

for HRP (Horseradish peroxidase W4121) was used. Enough developer was used to just 

cover the top of the membrane. Membrane remained dip until signal appeared. Membrane 

was rinsed with water to stop the reaction then it is semi-dried and pictures were taken by 

Bio-Rad chemidoc XRS system. The membrane was placed on transilluminator and scanned 

by using Quantity One 1-D image analysis software for optimization of images. 

4.1.8 Vaccination of cattles: 

The experiment was based on randomized experimental design and took place from  2012 to  

2014 on cohort of (20x5) domestic cow breed (Bovis permiginus) at randomly selected 

sixteen native farms from six randomized farms of districts  Quetta  (Table.4.1) (Annexure 1) 

and same (20x5) cows were selected as control. Sample size was based on economic and 

practical considerations of the study area. The domestic cow breed were maintained 

according to laws of cruelty to animals at temperature ranges from 38 C to 40 C with a 

twelve hour photoperiod and were fed with conventional fodder (Chara and water) in 
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combination of 1Kg/hay/day under natural environment as well as in controlled pens in some 

cases due to handling constraint . All the selected domestic cow breeds were different ages 

having weight ranges from 174 - 384 Kg/ animal. 

Table 4.1 Vaccination trials schedule: 

Group N Months(years2013-

2014) 

Days of injection Adjuvant 

selection 

 Random conc. of 

antigen/adjuvant  

1 100 August 1st day 

 

 

Montanide ISA-

50 

50-500 µg of 

antigen/ml 

2 100 August 4th day 

 

 

FCA 100 µg of 

antigen/ml 

3 100 August 7th day 

 

 

Alum 300 µg of 

antigen/ml 

4 100 August 14 day IFA 

 

500 µg of 

antigen/ml 

5 100 November  After Three 

months  

 

Montanide ISA-

50 

50-500 µg of 

antigen/ml 

6 100 May After sixth 

months 

 

Montanide ISA-

50 

50-500 µg of 

antigen/ml 

Stored antigens were thawed and homogenized in a sterile pestle and mortar kept on ice and 

was rehydrated, emulsified with different adjuvants (FCA, IFA, and Alum & Montanide 

ISA-50) in combinations of 50-500 µg of antigen/ml of adjuvant. 

Herds of (20x5) young cow breeds were selected randomly for immunization because they 

would be immunologically more responsive than older animals because of their limited 

exposure to environmental antigens. Immunization protocols consisted of four injections: one 

in the first day of first week, second on 4th day, third on 7th day and fourth one on 14th day of 

second week. Animals received booster doses with the (Montanide ISA-50) 50-500 µg of 

antigen/ml of adjuvant every 3rd and 6thmonths. Each of 20 domestic cow breeds from five 

forms, separately received aseptically 5–500 μg/ml antigen mixed with 1 ml separately with 

Montanide ISA-50 adjuvant (Seppic, France) (Martinez et al., 1996), Incomplete Freund’s 

adjuvant (IFA), Freund’s complete adjuvant (FCA) (Difco labs, Detroit, MI, USA) and with 

Alum adjuvant in to  flank and ear of experimental cows. Similarly 100 cows were only 
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given Montanide ISA-50 adjuvant. Three control and one immunized domestic cow breeds 

were died after 3-5 weeks of post immunization due to anaplasmosis, theileriosis, and some 

other unknown reasons which needs to be studied further. 

4.1.9 Tick Challenge: 

The immunized and control cow breeds were housed in tick proof sheds. The sites of 

injections were marked and their skin thickness was measured with vernier caliper (Figure 

38) (Agbede & Kemp 1986).  

The larvae, nymphs and adult ticks (Hyalomma anatolicum anatolicum) to be used in 

infestations were maintained at 10 C in cotton plugged vials held in a dessicator (Fisher) 

(Figure 46) over a saturation solution of potassium nitrate. 

 Domestic cow breeds were kept in sheds with wire mesh floors with one inch stagnant water 

to minimize accidental escape of ticks (Allen, 1972). 

The immunized and control cow breeds were subjected to challenge infestations seven days 

after the last immunization, with ticks (Hyalomma anatolicum anatolicum and Hyalomma 

aegyptium) larvae, nymph and adult males and females in approximate amounts of 120 of 

each instar per cow. During experimentation environmental factors of each pen was also 

recorded. Neoprene (Polychloroprene latex chamber, DuPont) containing tick larvae, nymphs 

and adults were tied on each cow, for thirty days. Daily visual observations of the ticks 

parasitizing on each animal were performed. Ticks were visually examined using a 

stereoscopic dissecting microscope, washed and stored into normal, damaged, discolored, 

unengorged, partially engorged, fully engorged, % dead, % drop, % live and unidentifiable 

categories of male and female adults (Opdebeeck et al., 1988). All the collected live ticks 

recovered from immunized and control cow breeds were maintained in humidity controlled 

incubator (BINDER-UK)(Figure 33) at 35 ºC with relative humidity of 60 % to observe tick 

challenge reproductive responses such as egg mass, non-viable eggs, mortality, oviposition 

period, egg incubation periods, moulting and larval/nymphal weights. Ticks collected from 

control cow were also observed and recorded in the same manner for comparison. 
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4.1.10 Invitro experiments: 

Some of the tick challenge response trials were conducted in vitro due to weather, nutritional 

stress, insufficient availability of experimental animals. An artificial feeding device 

(Bioaclimatized chamber) was constructed as shown in Figure 19, (Waladde et al., 1991). 

Ticks (adults, nymphs and larvae) were fed in vitro on blood collected from vaccinated and 

control animals separately. They fed through a biodegradable glue impregnated Baudruche 

membrane bearing olfactory and tactile stimuli (Figure 20). Feeding chamber was added with 

3 ml of defibrinated cow blood with 10 % sodium citrate as anticoagulant. Vestiges of blood 

sweat and exfoliated skin for phago-stimulation was also placed over feeding membrane 

(Saulo et al., 1997). Adenosine tri phosphate (ATP) and glucose were added in to the blood 

to make erythrocytes more efficient to also stimulate tick feeding (Krober and Gurein, 2007). 

The temperature of the feeding chamber was kept at body temperature of cows (39.5 ºC) 

during feeding by using a humidity regulated incubator (Figure 34). Relative humidity was 

maintained at 75 %. The chamber was modified with vacuum pump attachment to keep 

continuous osmotic balance in the chamber. Ticks (10 females and 5 males) were placed on 

the membrane and the chamber was closed by Petri dish to prevent accidental detachment. 

Repetition was allowed for six days allowing time for the ticks to form a secure attachment 

and to continue feeding (Waladde et al., 1979).  Then the ticks were allowed to parasitize on 

cow breeds to observed challenge response. 

4.1.11 Immune response: 

For testing the protective potential of host, certain parameters were developed to determine 

the immune response. To detect humoral response after 1st and 3rd week of post 

immunization interval (Table 4.1), the blood was collected from marginal ear veins of cattle 

for the collection of hyper immune serum. Normal cow sera served as controls. The bloods 

were left for clotting for two hours at room temperature and placed over night at 4 C (Canals 

et al., 1990). The blood centrifugation was done at 800 x g for 10 minutes for the extraction 

of the serum, aliquoted and kept at (–20C) (Ontario ovens, 15AF Benchtop freezer) for the 

detection of antibody titre utilizing enzyme linked immunosorbent assay (ELISA). Although 
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there are other refine methods then ELISA, but ELISA was chosen due to availability, cost 

effectivety and simplicity. Negative and Positive and reference sera from uninfested and 

infested cows were used to normalize the ELISA. 

4.1.12 Indirect Enzyme linked immunosorbent assay (ELISA): 

Protocols followed standard methods (website: ELISA- PROTOCOL, Santa Cruz bio-

technology Inc, USA) as illustrated by manufacturer with slight amendments. ELISA was 

performed using the 23 KDa tick cement as an antigen and the serum that was collected from 

immunized cattle after the termination of challenge. All sera were analyzed in triplicate. 

Polystyrene micro titre plates with 96 well (Dynex, Billing Hurst, UK) were coated over 

night at 4 C with 3 g of cement cone extract antigen in 0.1 M carbonate coating buffer (pH 

9.6). After at least five rinses with PBS containing 0.05  polysorbate (Tween-20: SC-

29113), the wells were blocked at room temperature for 2 hours with 100 L of 0.1  BSA 

in PBS. After the plates were washed (Washing is typically repeated 3-5 times between 

each step in the ELISA to thoroughly remove unbound material. Usually the wash 

solution is only briefly retained on the plate. Excess wash solution must be removed in 

the final wash step to prevent the dilution of the reagents added in the subsequent stage) , 

100 l per well of samples sera from  vaccinated cows, (serially diluted by quantitative 

method,1:500) were added to each well and incubated for 2 hours at room temperature and 

covered with parafilm. Plates were washed three times with washing buffer, 100 L per well 

of peroxidase-conjugated dog–anti goat IgG (ICN, Aurora, OH, USA) serially diluted 

1:2,500, was added to each well and incubated at room temperature for another two hours. 

After a final wash, 100 L of 0.05  peroxidase substrate (2, 2/ -azino-di [3- ethyl 

benzthiazoline sulphate]) (ICN), and 0.03  H2O2 were added to each well. 

Optical densities were measured at 405 n.m with microplate reader (Bio-Rad 680, 168-1000) 

(Figure 28). For negative, controls without antigen were used. Plot of absorbance vs. mean 

antiserum dilution for each triplicate set of experiments was developed. Antibody titres were 

estimated on the basis of high inflection points of the post- immunoblot as compared to 

control (Table 17 and Figure I). 
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4.1.13 Cellular response: 

Cellular response counts of infiltrating basophils, eosinophils and leucocytes in to the dermis 

and epidermis of immunized cows were carried out on a total of 20 different skin sections. 

Sections were fixed in 10 % neutral formalin, in which wax enclosed 6 m sections by 

microtome (Figure 44). Haema toxylin-eosin staining were performed and observed under 

compound microscopy (Olympus CH-10, Figure 41) and photographed (Leica,W.Germany, 

Figure 42). The total count of cells present either in epidermis or dermis was summated at 

540 m deep and 180 m wide sweeps in the dermis. Each section sweep was done in 

triplicate (Allen, 1972).  The diameters of inoculation sites (Ear and Flank) were measured at 

week’s intervals after skin testing using skin caliper (Figure 38 and 39) to detect local 

hypersensitivity and to record delayed hypersensitivity. 

4.1.14 Haematological response: 

Haematological response was observed through RBC, WBC counts and hemoglobin levels 

which was detected through hematocrit, Sahli’s haemoglobinometer and Neubaur’s chamber 

(Haemocytometer). For microhaematocrit method, blood centrifugation was carried for 10 

minutes at 14,000x g. Place the tube in the microhematocrit reader. Finally, read the 

hematocrit according to the manufacturer's instructions on the microhematocrit reading 

device. 

4.1.15 Tick behaviour:  

Tick behaviour was documented after tick challenge to identify the changes that occur in the 

biology of ticks, egg weights, oviposition periods and egg incubation periods, non viable 

eggs and counts were noted to determine noteworthy disparity in development of eggs among 

control and immunized cows. Variables of % moulted ticks from larva to nymph were also 

noted. Tick engorgement was examined visually, by means of a stereoscopic microscope 

(Wild Heerbrug M1, Switzerland, and Figure 37). Partially fed, unfed and fully fed tick 

counts were verified. Tick weight (adult, larvae, and nymph), were calculated using digital 
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balance (KERN.EW, West Germany, Figure 40). Deferred attachment, mean feeding time 

was also recorded. Mean tick counts, tick damage, attached and % drops, mortality and 

fertility were also monitored. 

4.1.16 Statistical analysis:  

Experiments were performed and repeated three times, followed by the analysis using 

standard statistical packages (Stat view, 5.0 for windows; SAS institute Inc, MSTAT-C 

Russell, 1992, SPSS and MS-Excel 2007) .The   experimental designs were planned and 

performed by implementing ‘z’ test to recognized statistical distinctness in the mean values 

of immunized and controlled animals (Sokal and Rolf 1973; Snedecor and Cochran 1968; 

Rosner 2000). The correlation with nutritional stress, with seasonal changes including spring 

and autumn, as well as the correlation of antibody response with number of grown-up ticks 

sustaining per cow were also examined. To test the exceptional uniqueness between the 

inoculated and control group in addition to inside of the group by using one way analysis of 

variance (ANOVA). Online calculators were utilized (Graphpad.com) for reconfirmation of 

each statistical computation. 

4.1.17 Safety profile: 

For the development of an animal health, the demonstration of safety encompasses consumer 

safety, target animal safety and environmental safety. The current study also encompassed 

these features to some extent. 

4.1.18 Shelf life: 

The vaccine was stored at a temperature range of 2-8 ºC for a time period of one year (2014) 

and was periodically inoculated in to the domestic cows to measure its percent effectiveness 

to demonstrate shelf life stability. 

 

  



58 
 

4.2 RESULTS: 

Positive specific reactions after SDS-PAGE and western blotting were indicated by dark 

brown bands and were in conformance with Parmar et al., 1996. It was suggested that larval 

tick secretory cement cone of (Hyalomma anatolicum anatolicum) and (Hyalomma 

aegyptium) revealed immunogenic, cross reactive (Table12), stage reactive (Table 13) 

intensely labeled common immunopositive bands of (23 KDa) cement cone proteins (Table 

14). There was cross reactivity (Table 12) among the two species of same genus 

(Hyalomma). 

 

Table 12. Results of Cross reactivity by using anti- Hyalomma anatolicum anatolicum cow 

sera with antigens from larval ticks (Hyalomma aegyptium and Hyalomma anatolicum 

anatolicum). 

 

  

Antigen of Hyalomma anatolicum 

anatolicum  

Hyalomma 

aegyptium 

Anti- Hyalomma anatolicum 

anatolicum  L    N     A 

 

L   N   A 

cow serum 

 

 
 

 

  

  +   +   +   +   +   + 
Tick extract cement (A; adult tick cement extract; N; Nymphal and L; larval cements. +, cross reactive reactions with 

antisera utilized in western blots. Double headed arrow are representing cross reactivity among species. 

 

Cross reactivity was found (Table 12) among the two species of same genus Hyalomma. The 

result suggested that the (23 KDa) cement cone protein of Hyalomma anatolicum anatolicum 

and Hyalomma aegyptium may be responsible for the induction, or elicitation of 

immunogenic, common stage reactive, cross reactive host immune responses with consistent 

intensity throughout life stages of ticks. 

 

Thus it determined that there was cross- reactivity by sharing antigenic epitopes across ticks 

(Hyalomma anatolicum anatolicum (Koch) and Hyalomma aegyptium (Linnaeus). Western 

blot bands reveals sharing of a common (23 KDa) cone cement protein. The remaining bands 

of protein were different. It was also established that putative anatolin was stage reactive 

(Table 13). 
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Table 13.Summary of stage reactive antigenic bands identified in crude cement antigen (23 

KDa) putative Anatolin taken from ticks Hyalomma anatolicum anatolicum life stages  probed 

with anti- Hyalomma anatolicum anatolicum cow serum from Hyalomma anatolicum anatolicum 

infested domestic cow breed Bovis permiginus. 

 

Markers (KDa) Larvae Nymphs Adults 

Phosphorylase 92.5 + - - 

Cement Cone Antigen 23 +++* +++* +++ 

BSA 66.3 +++ +++ - 

Egg albumin 45 - + + 

Carbonic anhydrase 29 - - - 
_ Unlabeled, + weakly labeled, +++* intensely labeled consistent stage reactivity.    

 

Table 14. Summary of common immuno positive, cross reactive bands identified (23 

KDa) cement cone protein from putative Anatolin and Aegyptin probed with anti- 

Hyalomma anatolicum anatolicum serum from infested domestic cow breed Bovis 

permiginus  in a closely related species of ticks Hyalomma anatolicum anatolicum and 

Hyalomma aegyptium. 

Markers (KDa) 

Hyalomma 

anatolicum 

anatolicum  

 Hyalomma. aegyptium 

(cement cone antigen) 

Phosphorylase 92.5 + + 

Cement Cone Antigen 23 +++ +++(Consistent intensity) 

BSA 66.3 ++ ++ 

Egg albumin 45 + + 

Carbonic anhydrase 29 - - 
-Unlabeled, + clearly labeled, +++ intensely labeled (23 KDa) cross reactive common immunogen. 
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Figure 4.1 Westernblot, showing anti-Hyalomma anatolicum anatolicum cow serum reactivity with tick cement cone extract of 

Hyalomma anatolicum anatolicum. A:  Adult, N: Nymph, L: Larva, M: Protein molecular weight markers (Kilo-Daltons). Arrow 

showing (23 KDa) putative stage reactive tick cement protein (Anatolin) recognized throughout feeding stages of tick. M= 

Prestained molecular weight markers.29 KDa (Carbonic anhydrase), 45 KDa (Ovalbumin), 66.3KDa (BSA) and 92.5KDa 

(Phosphorylase), (Bio-Rad Richmond C.A, USA). 

 

The antigenic homology between the two ticks species suggests that possibly a common 

antigen may be suitable for vaccine against the two different species of ticks. Immunoblots 

studies explains that common protein bands appeared when feeding commenced and it was 

remained unchanged throughout feeding stages (Figure 4.1) suggesting that (23 KDa) cement 

cone protein antigen is protective against all parasitizing stages (larval, nymphal and adult 

stages). 

There was also no change in the intensity of proteins throughout feeding stages of the ticks 

(Figure 4.2). In control domestic cow breed, there was no band observed on nitrocellulose 

membrane (Figure 4.3). Antibody titre reveals consistent antibody response throughout 

experimental native farms (Table. 16). 
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Figure 4.2 western blot showing antiserum reactivity against 1= unfed 2 = partially fed and 3 = fully fed tick (Hyalomma anatolicum 

anatolicum) larval cement protein  from tick infested immunized cow. Arrow indicating no change in the intensity of (23KDa) 

putative protein (Anatolin) throughout feeding stages of ticks. M= Prestained molecular weight markers. 29 KDa (Carbonic 

anhydrase), 45 KDa (Ovalbumin), 66.3KDa (BSA) and 92.5KDa (Phosphorylase), (Bio-Rad Richmond C.A, USA). 

 

 

 

 

 Figure 4.3 Western blot strip of control domestic Cow breed serum electrophoreses on 12.5  Polyacrylamide gel, on nitrocellulose 

membrane showing no immunopositive bands as compared to immunized . M= Prestained molecular weight markers. 29 KDa 

(Carbonic anhydrase), 45 KDa (Ovalbumin), 66.3KDa (BSA) and 92.5KDa (Phosphorylase),(Bio-Rad Richmond C.A, USA). 
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It was also found that the antigenic intensity of putative Anatolin remained consistent 

throughout feeding stages of ticks (Table 15). 

Table 15. Summary of immunopositive bands identified in crude cement antigen (23 KDa)   

putative Anatolin taken from ticks Hyalomma anatolicum anatolicum partially and fully 

fed Ticks, probed with anti- Hyalomma anatolicum anatolicum tick serum from infested 

domestic cow breeds Bovis permiginus). 

 

Markers (KDa) Unfed larvae Partially fed larvae Fully fed larvae 

Phosphorylase 92.5 + - - 

Cement Cone Antigen 23 +++* +++* +++* 

BSA 66.3 - - - 

Egg albumin 45 + - - 

Carbonic anhydrase 29 + - - 

 

_ unlabelled, +++ intensely labeled.* Consistent intensity 

 

Mean antibody titre (OD) response of immunized cow (Figure II) was positively correlated to 

the mean number of reproduced and developed adult ticks feeding per cow at the time 

samples were collected. Correlation coefficient (r) = 0.99. 

4.2.1 Antiserum reactivity 

Antiserum reactivity against cement cone extract of antigen taken from unfed partially fed 

and fully fed larval ticks H. a. anatolicum showing consistent intensity (Table 15). 

4.2.2 Antibody titre 

 Antibody titre against cement cone extract was confirmed by ELISA (Table 17). There was 

post-infestation gradual increase in the antibody titre in experiment cows. Larval response 

(Figure I) was comparatively greater than other stages so adult stage antigen (Figure I) could 

be having as first line defense by reducing post larval infestations. Table 16 shows extensive 

immune response throughout experimental farm. 
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Figure I: Anti- Hyalomma anatolicum anatolicum immunised cow serum antibody response tested through ELISA in domestic cow 

breed (Bovis permiginus) immunized with putative tick cement cone antigen (Anatolin, 23 KDa) infested with equal numbers 

(100/instar) of ticks (Adults, Larvae and Nymphs) as compared to controls. Secondary response indicating three times greater than 

control. Arrows indicates primary, secondary and tertiary infestation responses respectively. 
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Table 16. Detection of anti-tick (Hyalomma anatolicum anatolicum) antibodies (O.D) in 

vaccinated domestic cow breeds (Bovis permiginus) from randomly selected native farms of 

district Quetta. 

   Farms Anti- Hyalomma anatolicum anatolicum  Absorbance value (O.D) 

  Antibody titres  (n.m)   

Farm 1  + 0.124 

Farm 2 + 0.188 

Farm 3  + 0.221 

Farm 4  + 0.361 

Farm 5  + 0.411 

Farm 6  + 0.467 

Farm 7  + 0.568 

Farm 8 +  0.610 

Farm 9  ++ 0.680 

Farm 10  ++ 0.701 

Farm 11  ++ 0.760 

Farm 12  ++ 0.850 

Farm 13  ++ 1.067 

Farm 14  +++ 2.687 

Farm 15  +++ 2.844 

Farm 16  +++ 2.988 

Farm 17   +++ 3.001 

 

+, Low titre, ++, Moderate titre, +++, High titre. Arrow indicating gradual trend towards increase in (OD) 

which may be due to seasonal variations in relation to temperature and drought conditions. Areas with high O.D 

were having more vegetation and moderate to high temperature and relatively high humidity.  
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Table 17.Results of vaccine trials related with mean antibody kinetics response against  

ticks (Hyalomma anatolicum anatolicum) detected through ELISA in vaccinated and control 

domestic cow breeds (Bovis permiginus ) immunized with putative (Anatolin, 23 KDa) 

unfed, partially and fully fed larval cement cone extract.  

 

Parameters Performance in *vaccine 

 Pre-inoculation antibody titers (x 103) 1:17 

 Post-inoculation antibody titers (x 103) after 04 weeks 1:40 

 Post-inoculation antibody titers (x 103) after 07 weeks 1:28 

Post-inoculation antibody titers (x 103) after10 weeks 1:29 

 Post-inoculation antibody titers (x 103) after 24 Weeks 1:30 
*Anamnestic response in inoculated animals with continuous trend towards increased titers. 

 

It was observed that there was positive correlation (r = 0.75) among O.D and number of 

reproduced and developed adult mean tick counts per animal (Figure 2). This situation 

reflects that the developed vaccine is more effective in highly infested cows. 
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Figure II: Correlation among antibody titre kinetics of vaccinated domestic cow breed (Bovis permiginus ) with the mean numbers 

of reproduced and developed adult ticks (Hyalomma anatolicum anatolicum) counted on each animal after immunization. 

(Correlation coefficient r = 0.75). 

 

A large number of eosinophils were present under the attached mouth parts (Figure III). The 

epithelium was thickened and appeared to grow down around the leukocyte mass and 

cutaneous tissue. Tissues were edematous. Attachment sites shown to have degranulated 

mast cells (Figure IV). The results were in conformance with (Ttachell and Moorhouse, 

1968). 
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Figure III: Relative concentrations of eosinophils in skin, biopsied from immunized and control domestic cow breeds (Bovis 

permiginus), after challenge with ticks (Hyalomma anatolicum anatolicum). 

 

  

Figure IV: Mean weekly WBC counts* in vaccinated and control domestic cow breeds Bovis permiginus.  

(p<0.05) *Total WBC counts in the range of 22-27 x 103/ µl. blood composition, however 

may change with age variations (Mary, 2005).  
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Antigenic specific responsiveness through eosinophil stimulation index in domestic cow 

breeds (Bovis permiginus) as shown in the following Figure V. 

 
 

 
 Figure V. Antigenic specific responsiveness through eosinophil stimulation index in domestic cow breeds (Bovis permiginus). 

Eosinophils against tick salivary cement antigen during course of infestation with ticks (Hyalomma anatolicum anatolicum) as 

compared to Control. Arrows indicating primary, secondary and tertiary infestations. Controls were only given Montanide ISA-50 

adjuvant. 
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Figure VI: Relative concentrations of mast cells in skin biopsied tissues from immunized and control domestic cow breeds after 

challenge with ticks (Hyalomma anatolicum anatolicum ). 
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FigureVII: Mean monthly packed cell volume (PCV) % (Haematocrit) in the skin of immunized domestic cow breed (Bovis 

permiginus) infested with ticks (Hyalomma anatolicum anatolicum) as compared to control. 

 

No significant differences in vivo and invitro experimental conditions were observed (p <0.01).   

The results of the delayed hypersensitivity reactions in immunized and control animals were 

recorded. The overall mean diameter of the reaction site after one day post inoculation was 

significantly larger in immunized domestic cows as compared to controls. After seven days it 

was increased as compared to that of controls. Fourteen days after immunization, the mean 

diameter of the reaction site was increased in vaccinated and control domestic cow breeds 

respectively. Three months after immunization, the mean diameter of the reaction site was 

larger enough than that measured one month post immunization in vaccinated and control. At 

six months post vaccination the mean diameter of the reaction sites was larger than that 

measured three months post vaccination in immunized domestic cow breeds. It suggests that 

there was gradual increased hypersensitivity in vaccinated as compared to control (Table 18). 
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Table 18. Results of vaccine trials related with delayed hypersensitivity through skin 

mean lesion area (m.m + S.E) against ticks (Hyalomma anatolicum anatolicum) 

immunized with putative tick cement cone antigen (Anatolin,23 KDa) in immunized 

and  control domestic cow breed  (Bovis permiginus). 

                                                                       

  

Parameters 

output  performance       

immunized            control 

Significance 

Level** 

Lesion area (mm2)one day after inoculation 18.6 + 1.23        11.3+ 2.01 p< 0.01 

Lesion area (mm2) 7 days after inoculation 34.9+ 2.13         14.6+ 1.23 p< 0.01 

Lesion area (mm2)14 days after inoculation     

                                                                                           

 

 

+ 152.6 / + 7.3  18.6

  p< 0.01 

 

Three months after inoculation 8.4+ 1.00           15.5+ 1.89 p< 0.01 

Six months after inoculation  

7.5+ 0.51           15.0+ 1.22  p< 0.01 
Controlled bovine were vaccinated with Montanide ISA-50 adjuvant equivalent measurements. 

 ** Z-test was utilized for computation of examination. 

 

Examination of skin tissue reactions against ticks H. a. anatolicum displayed overall 

significantly (p < 0.01) intense cutaneous reactions in immunized cows. A hemorrhagic pool 

was also evident beneath mouth parts suggesting cutaneous hypersensitivity reactions in 

immunized cow (Figure VII). 

Reaction revealed that the skin thickness diameter of site injected (ear and flank) with the 

vaccine was significantly larger in immunized domestic cow breeds than those in controls. 

Control animals had only slight reactions after initial exposure (Figure VIII). Nymphs 

showed intense post-immunization cutaneous hypersensitivity response in relation to ear 

thickness in control and immunized cow (Figure IX).  

Microtome skin sections taken from infestation sites of immunized cows, stained with 

haemotoxylin and eosin observed epidermal hyperplasia, vesiculation packed with basophils, 

erythematousmaculae, inflammation, ulcerated nodule formation, oedema, lymphadenopathy, 

and changes in hair formation, hair growth, increased skin temperature and eosinophil 

infiltration (Table 19) substantiate previous reports by Rubaire-Akiki and Mutinga (1980). 
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Table 19.Vaccine trails used for Cutaneous pathological response of Bovis permiginus 

against Hyalomma anatolicum anatolicum immunized with putative tick cement cone 

extract antigen (Anatolin, 23 KDa). 

 

 

+ = extremely display, - Mild vicinity  

* Montanide ISA-50 adjuvant equivalent measurements utilized as a part of controlled cows. 
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Table 20. Antibody trials result worried with Basophils/mm2 in the dermis of Bovis 

permiginus against ticks Hyalomma anatolicum anatolicum inoculated with putative tick 

cement cone remove antigen (Anatolin, 23 KDa) in vaccinated and unvaccinated control. 

 

Parameters 

Performance  

Level of significance Immunized      Control* 

2nd day after primary Infestation 2106 2010 p<0.05 

7th day after primary Infestation 4536 1815 p<0.01 

2nd day after secondary infestation 4601 1921 p<0.01 

7th day after secondary infestation 5011 1308 p<0.01 

 

180 m was used for counting of cells in the epidermis and 540 m area deep in to the dermis. Epidermal 

vesicle area was excluded for counting (Allen, 1972). Results are expressed as means + standard error per 

mm2. 

* Control cow were only inoculated with equal doses of Montanide ISA-50 adjuvant. 

 

                   

Figure VIII: Mean skin reactivity at inoculation site against tick cement cone extract antigen of Hyalomma anatolicum anatolicum 

by tick resistant domestic cow breeds (Bovis permiginus) as compared to control.      
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Figure IX: Post immunization cutaneous hypersensitivity induced by cement cone extract antigen sensitized through infestation 

with larvae and nymphs on the ear of domestic cow breeds Bovis permiginus. Arrow indicating significant difference of nymphs as 

compared to control means (p< 0.05). 

 

There was gradual decrease in mean Hb levels (Figure X) in the control cows as compared to 

immunize. For micro haematocrit method, blood was centrifuged for 10 minutes at 14,000 G. 

Haematocrit of the blood of immunized domestic cow breed showed up to 10 % packed cells 

(Figure VII), Normal six months level is = 27.9 – 50 % (Mary, 2005). Giemsa stained thin 

films showed increased leucocytes (Figure IV) and erythrocytes (Figure XI) in the blood 

smears of immunized cow as compared to control.  
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Figure X. Mean weekly Hemoglobin (Hb) levels in vaccinated and control domestic cow breeds. (p<0.05) Normal Hb in six months 

old is = 8.0 g/dl (Mary, 2005). Arrow indicating base line. 
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Figure XI: Mean weekly red blood cell (RBC) counts in vaccinated and control domestic cow breeds Bovis permiginus. 

Normal RBC counts in cow from ages 0-6 months is 16.3 x 106 µl (Mary, 2005) 

 

Fecundity: Figure XII shows that the egg classes with greater weight were found more in 

controls as compared to immunized. It reflects reduced fecundity in immunized cows 

resulting from lower rates of tick infestation. 
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Figure XII: Frequency histogram of weight classes of eggs laid by adult female ticks (Hyalomma anatolicum anatolicum) as 

compared to mean percentage of eggs in immunized and control. 

 Egg batches in each class are separated by increments of 50 mg. p<0.01 
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Figure XIII: Mean weight of eggs produced per week by ticks Hyalomma anatolicum anatolicum from domestic cow breeds Bovis 

permiginus vaccinated with crude cement cone extract putative antigen (23 KDa, Anatolin as compared to control. Series 1 

vaccinated and Series 2 control. P<0.01 

 

Findings of Table 21 and Figures XII and XIII suggests a quantitative degradation in mean 

egg  laying of tick (H. a. anatolicum) from each group of challenged cow exhibiting 

significant decrease as compared to controls. There was lengthened pre oviposition period in 

immunized cows as compared to controls. When female ticks were fed on immunized 

domestic cow breeds their mean weight of egg masses were significantly low as compared to 

ticks on control domestic cow breeds. Eclosion plays a major role in tick’s ability to develop 

but there was no significant affect of vaccination on egg eclosion in female ticks among 

vaccinated and control groups (Table 21).  
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Table 21. Results of vaccine trials related with egg laying (performance) of ticks 

(Hyalomma anatolicum anatolicum) feeding cow breed (Bovis permiginus) immunized 

with putative tick cement cone extract antigen (Anatolin) as compared to unvaccinated 

control. 

 

Parameters Vaccinated Control % Reduction♣ 

Statistical 

Significance* 

Mean egg mass (mg) + SD 63+ 1.6 121.3+ 1.3 42.2 p < 0.01 

Egg mass weight                

(mg)/ Viability   

118/H ●+ 

2.2 

133/H+          

2.4 

12.3 p < 0.05 

Mean Number of eggs  

laid/Tick + SD  

1473+ 1.2 3085+ 1.7 53 p < 0.05 

% Egg Hatchability  74.5+ 4.2 90.2+ 6.2 17.7   

Lengthened + 2.1  

pre oviposition period  

(Days + 2.1 SD) 

23+ 8.3 19+ 5.3 11 p < 0.05 

Eclosion (days) 

Mean oviposition (+ SD) 10.5+ 3.3 124+ 4.2 

 

 

 

8.3 N.S 

Mean egg 

Production index**  

(% + SD) 

 

 

 

44.1+ 3.4  

 

 

 

70.1+ 3.2  

 

 

 

33.5 

  

 

 

p < 0.05 

Failure to lay eggs 100 (83 %) 65 (54 %) 34.5 p<0.01 

No of oviposition 

Ticks (%) 

40 60 30.1 p < 0.05 

Period (Days + SD) 06+ 3.3 05+ 1.22 25.5 p < 0.05 

Egg laying efficiency  

(+ SD) 

58+ 1.52    

85+ 1.92 29 p < 0.05 

% DT ♦ 70 0 100 p < 0.001 

 

* Difference in the performance of ticks on immunized and control domestic cows breeds analyzed by ‘z‘‘test. 

** Mean egg production index = Weight of the egg mass         x 100 (Bennett 1969) 

   Engorgement wt. of female  

Each experimental domestic cow breed was infested with males, females, Larval and nymphal ticks    confined 

with different combinations on the ear & Flank within neoprene chambers. 

● H indicates egg hatching (Viability). 

♦ % DT (Direct effect of immunization on the stages of the challenged ticks). 
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% DT = 100 (1-NLI) 

 NLC       

NLI = No of larvae from immunized animals. 

NLC = No of larvae from control animals. 

♣ % Reduction =  MaxValue – Min Value x 100 

                                      Max Value 

N.S = Not significant 

 

There was degradation in tick moulting performance (from larva to Nymph) in immunized as 

compared to control (Table.22). The table concludes that the four mean are not equal. 

 

Table 22.Vaccine trailed concerned with moulting performance of ticks (Hyalomma 

anatolicum anatolicum) feeding on domestic cow breeds (Bovis permiginus), immunized 

with putative tick cement cone antigen (Anatolin) as compared to unvaccinated control. 

 

Treatments         Vaccinated  Control % Reduction♦  *Significance Level 

Mean % Moulted from Larva to 

Nymph by day 3     5 31 80.3 ANOVA p <  0.05 

Mean % Moulted from Larva to 

nymph by day 6 11 92 85.5 ANOVA p <  0.05 

Moulting capacity of larvae and 

Nymphs 38 83 48 ANOVA p <  0.05 

 

  Moulting capacity     =   Numbers of subsequent stage emerging after moulting    X 100 

                        Total no of larvae feeding up to engorgement 

 

* (ANOVA , F1, 2 = 18.518, p< 0.05). 

 It revealed that less percentage moulting from larvae into nymph for ticks that fed on immunized cows. Further 

all other treatments were not found significantly different (F5, 39 = 2.09 p < 0.01) 

 

♦ % Decrease = Max value – Min value   x 100 

           Max value 

 

 

4.3 CONCLUSION of ANOVA: 

 

 ANOVA was utilized which indicated that computed estimation of F = 23.65 were not fall in 

the critical region thus null hypothesis was endorsed and it was inferred that all the four 

means were not square with at not equal level of  significance 0.05. All medicines were 
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essentially diverse and a critical "F" demonstrates that the medications (Vaccinates + 

Controls) delivered differential impacts and were not of same immune response .There was 

positive correlation (Correlation coefficient r =0.8) among vaccination with % resistance 

against ticks in immunized cows (Table 23).When tick (larvae, nymphs and adults) were fed 

on immunized domestic cow breeds, their mean engorged weights were significantly less 

(Table 24) as compared to control domestic cow breeds (p < 0.01). There were a significantly 

higher proportion of ticks in the immunized groups weighed less than 150 mg and a 

significantly higher proportion in the control group weighed over 350 mg (Table 24). 

 

Table 23. Results of vaccine trials related with tick engorgement performance of 

Hyalomma anatolicum anatolicum ticks feeding on cows breed (Bovis permiginus ) 

immunized with putative tick cement cone antigens (Anatolin, 23 KDa) as compared  

with unvaccinated control. 
 

 

Parameters 

Performance  

% Reduction♦  
*Significance 

Level  Control***     Vaccinated 

Mean engorged female tick weight 

(mg) ( + SD) 201.7 81 53.2 p< 0.05* 

% Resistance** 30 80 58.8 correlation coefficient 

 (% of adult ticks which did not 

engorged)       r=0.8 

 

*Mean engorged weights of grown-up female ticks that sustained on local cow breeds inoculated with tick 

(Hyalomma anatolicum anatolicum) cement cone antigen (23 KDa) were fundamentally not as much as mean 

engorged weight of female ticks from control.  

** % Resistance = all attached ticks – complete engorged ticks control.  

*** Controls injected with Montanide ISA-50 adjuvant. 
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Table 24. Distribution of % engorged ticks (Hyalomma anatolicum anatolicum) recovered, 

according to weight categories from domestic cow breeds (Bovis permiginus) immunized 

with cement cone putative antigen (Anatolin) as compared with unvaccinated control. 

 

Weight category(mg) Immunized     control** 

1-39 70     4 

40-89 62     6 

90-139 50*     6 

140-189 50     4 

190-239 42*     15 

240-289 47     31 

290-339 45     49 

340-389 25*     52 

390-439 8     31 

440-489 3 Decrease Increase 14 

490-539 1*     16 

540+ 1     10 
* Significantly (p < 0.05) different from controls. 

 

A significantly higher proportion of ticks in immunized groups weighed less than 150 mg and a significantly   

higher proportion in the control groups weighed over 350 mg. Arrows indicating trend towards gradual decrease 

and increase in tick weight on immunized and control. 

 

** Controls were given equal doses of adjuvant (Montanide ISA-50). 

 

Table 25. Results of vaccine trials related with weight of unfed, partially and fully fed ticks 

(Hyalomma anatolicum anatolicum) feeding on domestic cow Bovis permiginus, immunized with 

putative tick cement cone antigen (Anatolin) as compared with unvaccinated  control. 

 

Parameters 

Performance  

% Reduction♦  Immunized      Control 

Larval mean weight at the end of infestation (mg) 0.3 0.5 25.5 

Nymphal mean weight at the end of infestation (mg) 3.9 3.25 5.2 

Adult mean weight of unfed ticks 33.2 43 10.8 

Adult weight of partially fed ticks 36 42 11.2 

Fully fed adult mean weight at the end of infestation 

(mg) 40.5 80.3* 50 
* Significantly different (p<0.01) 

The overall mean tick weight was significantly (p< 0.01) reduced in the vaccinated groups as 

compared to controls (Table 25) with a 50 % reduction in the weight of fully fed adult ticks.  
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The mean duration of feeding of ticks (Table 26) on immunized and control cow was not 

significant (p < 0.01). 

Table 26. Results of vaccine trials related with feeding performance of ticks (Hyalomma 

anatolicum  anatolicum), feeding on domestic cows (Bovis permiginus ) immunized with 

putative tick cement cone extract (Anatolin, 23 KDa) antigen as compared with 

unvaccinated to control. 

 

Parameters 

 

Performance  

% Reduction  

Significance 

Level vaccinated      Control** 

% Tick drop* 28 14 53.6 (p< 0.01) 

Mean Duration  of feeding(Days) + SEM 8.6 9.5 11 N.S 

Mean number of fed ticks showing delayed 

attachment 104 118 14 N.S 

 

*Cows were set in separation pens with wire net floors and the isolated ticks were recuperated in bushel and 

counted.  

 After the first infestation the ticks on the left side of the host were tallied and the check was multiplied to give 

the final count.  

N.S = Not critical. 

 

There was mean 68 % ticks rejected in vaccinated cow as compared to unvaccinated control 

groups (10.7 %) showing a gradual increase. The overall mean number of ticks Hyalomma 

anatolicum anatolicum (Figure XV) in vaccinated animals were significantly (p<0.01) lower 

than that in unvaccinated controls.  

This undermines the ability to follow the results of this trial experiment. 

There was significant (p< 0.01) difference in mean adult tick attachment among immunized 

and control after infestation (Figure XIV). Figure shows gradual rise of tick attachment while 

immunized cow shows gradual fall. Many ticks dropped due to failure in attachment because 

of hyperimmune response of cement antigen and there was significant variable tick damage 

in control groups as compared to immunized (Table 27). 
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Figure XIV: Mean percent attachment of adult ticks (Hyalomma anatolicum anatolicum) on domestic cow breeds (Bovis 

permiginus) immunized with tick cement cone extract antigen as compared to controls (p< 0.01). 

 

                       

 
Figure XV: Histogram showing post inoculation mean tick count (Larval, Nymphal and adult) parasitized on immunized and 

control domestic cow breeds (Bovis permiginus) after challenge with ticks (Hyalomma anatolicum anatolicum).(p<0.01). 
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Table 27. Results of vaccine trials related with damage of adult ticks (Hyalomma 

anatolicum anatolicum) feeding on local cows breed (Bovis permiginus), inoculated with 

putative tick cement cone extract (Anatolin, 23KDa) antigen when as compared with 

unvaccinated control.  
 

Parameters 

Performance    

%increase/Decrease Vaccinated  Control** 

% Tick rejection* 66 10.7 82.5 

 % Tick yield ( + SD) 47+3 89+5 47.1 

% visibly damaged 

 % Red (Normal adults) 18 45 55 

 Rigid*** (Adults) + -   

 % Light brown (Adults) 77 54 50.9 

 

* % Tick rejection = Recovery %   =     Numbers of tick dropped   X 100 

                                                                Numbers of tick attached  

*** +, highly stretched -, not stretched 

** Controls were given only Montanide ISA-50 adjuvant. 

 

  Indicating % decrease 

 

 

  Indicating % increase 

 

Table 28. Vaccine trials related with mortality of Hyalomma anatolicum anatolicum ticks 

feeding on cow Bovis permiginus, inoculated with putative tick cement cone extract 

(Anatolin, 23 KDa) antigen when as compared with unvaccinated control. 

 

Parameters 

Performance  

%  Increase*  

Significance 

Level Vaccinated  Control 

% Mortality** during and after 

feeding 24 16 45.4 p< 0.05 

% Dead on 06 days after infestation 14 12 19.3 N.S 

% Dead on 12 days   after infestation 15 13 15.5 N.S 

 

* % Increase =       Max value – Min value   x 100 

                Min value 

** Mortality rate in groups of adult female ticks fed on domestic cow breeds immunized with cement were 

significantly higher than other. (Z test) N.S = Not significant. 

 

There was also significant increase in % mortality (Table 28) in vaccinated groups as 

compared to control, although the death rate was not significant in the early days of 

vaccination. This investigation needs further studies. 
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 4.4 DISCUSSION:  

 Tick cement cone protein was suggested as an antigen source because first protein appeared 

at the commencement of feeding is important immunogen (Kumar and Kundal, 1999).This 

study suggests that protein made by the cement cone at larval stage is measured to be the best 

immunogen that is very significant because it helps reduce infestations at the larval as well as 

post larval stages. Economically ticks developed as essential parasites reported by Smith and 

Kilborne (1893) of transmission of ailments or illness. During this study tick cement cone 

extract taken as a source of antigen. The tick cement cone helps ticks to remain attached 

itself to their host’s skin. 

 It may last up to 14 days and antibodies produced in cows against this antigen resulted in the 

failure of ticks to attach. Segments of tick cement cone could be regarded as potential tick 

antigen. There is strong possibility that by inhibiting cement cone function, the capacity of 

tick to remain attached to the host skin is compromised, and therefore both its vector and 

infectious impact will be minimized or stopped (Tsuda et al., 2001). 

A crude, unpurified salivary cement cone extract antigen was taken because its isolation 

methods are simple and cost effective than Hi-tech truncated recombinant proteins. The 

observation that immune serum antibodies recognize this antigen in the cement material 

demonstrates that this protein is secreted when attachment commences so these protein 

components of the cement cone of ticks (Hyalomma anatolicum anatolicum and Hyalomma 

aegyptium) should be recognized as strong candidate, for inclusion in vaccine against tick 

infestation, since they are essential for tick attachment and feeding. These results were in 

accordance with Bishop et al. (2002).  

In another study, Australian scientists used 500 µg of affinity-purified larval antigens per 

animal and vaccinated cattle were protected (78%) against challenge with R. microplus tick 

larvae (Wong and Opdebeeck, 1992). The rationale of immunizing domestic cow breeds 

against ticks was based on the proposition that antibodies against tick cement cone alter the 

function of cement which results the ticks to detach or develop poor attachment on the host 

as Wang et al. (2002) demonstrated that tick Rhipicephalus appendiculatus   salivary gland 

have a unique proteins, must be essential for survival off the host and needed to tick engage 

with host, to initiate feeding process. Studies collectively reviewed these tick proteins 
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regulate tick feeding events that precede blood meal uptake and the acquisition and 

transmission of tick borne disease agents.  

Previously it had been successfully revealed that the cement protein from ticks (Amblyomma 

americanum) shown to be a potent immunogenic and composed of 20,000 KDa proteins 

similar to that identified from salivary gland antigen (Stephen, et al 1984). The ability of 

immunization with tick cement cone antigen to induce an immune response against ticks was 

demonstrated in guinea pigs (Stephen, et al., 1984). They reported successful immunization 

of guinea pigs against larval ticks (Amblyomma maculatum) immunized with salivary gland 

extract and solubilised cement substrate obtained from adult female ticks. 

The cement cone protein used here was isolated from larval stage ticks (Hyalomma 

anatolicum anatolicum and Hyalomma aegyptium). The antigen derived from unfed ticks was 

ineffective as compared to antigens from partially and fully fed ticks. The antigen from larval 

stages been shown to be protective. The present experiment confirmed the fact that unfed, 

partially and fully fed larvae provided an easier source of biological material for the isolation 

of protective antigen. 

The conducted study revealed for the first time that cement cone antigens of larval tick H. a. 

anatolicum is the most probable source of stage reactive common immunogen, cross reactive 

and immunoprotective for manufacturing of anti-tick vaccine. That can be cost effective 

against the tick species H. a. anatolicum and H. aegyptium. During the study it was realized 

that this antigen requires further purification, sequencing and to use it recombinant proteins 

for better results.  According to current experiment, utilizing tick cement cone larval antigen, 

considerably elevated 47 % (p<0.05) protection against following the ticks species 

H.a.annatolicum and H. aegyptium.  

The antigen protective potential that was isolated in the current experiment is analogous with 

the antigens that were isolated and purified by Trimnell, et al. (2005). The host protective 

efficacy, adjuvant combination, species combination, and route of administration of this 

newly isolated recognized Anatolin, 23 KDa is still required. 

There were no reports available describing cross reactivity studies between cement cone 

proteins of H. a. anatolicum and H. aegyptium as presented in the current investigation. This 

was the first effort in which cross reactivity immunologically was established between 
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cement protein antigens of larval forms of tick species H. a. anatolicum and H. aegyptium 

isolated by means of SDS-PAGE and western blotting. The results of cross reactivity 

designate the cement cone proteins potential as a candidate for vaccine development against 

H. a. anatolicum and H. aegyptium. Cross reactivity among these two tick species was in 

disparity with Kumar and Kundal et al. (1999), which indicated absence of immunological 

cross reactivity of 36 KDa salivary gland concentrates from H.a. anatolicum with Hyalomma 

dromedarii (Koch, 1844) and R. microplus ticks. 

Studies on cross reactivity has been demonstrated by other workers among ixodid ticks H. a. 

anatolicum and R. microplus (Canestrini,1888) in crossbred calves Bos taurus,  Bos indicus 

(Parmar, et al., 1996) between ticks Dermacenter variabilis (Say,1821) and  Dermacenter 

andersoni (Stiles,1908) in guinea pigs (Mc Tier et al.,1981), in addition between series of 

other species of ticks (Stephen et al., 1984).The antigenic homology between H.a. 

anatolicum and H. aegyptium indicates that  a common antigen is perhaps suitable for use in 

the preparation of vaccine against same genus ticks members. Western blot and SDS-PAGE 

analysis of larval tick cement cone proteins of (Hyalomma anatolicum anatolicum and 

Hyalomma aegyptium) revealed common bands of (23 KDa). This protein was 

immunodominant and present in the cement cone of both tick species, as shown by western 

blot assay. 

The sera from immunized cows, Bovis permiginus (Linnaeus, 1758) demonstrated immuno 

positive bands on western blots that indicates an antibody precipitation response.  Anti-

Hyalomma hyper immune cow serum demonstrated the presence of 23 KDa bands in western 

blots of larval tick cement protein from H. aegyptium and H. a. anatolicum. Western blot 

assay results suggest that antigens (Aegyptin and Anatolin) have familiar genus specific 

epitopes between Hyalomma species. Antibodies elevated against H. a. anatolicum cement 

protein (23 KDa) cross-reacted with cement protein epitopes of H. aegyptium ticks as well, 

consequently showing that the molecule is identical immunologically in these two species of 

Hyalomma. Trimnell et al. (2005) reported that the stage reactive role of ordinary antigens in 

bestowing defense was restored in this experiment. No previous reports regarding stage 

reactivity between the ticks H. a. anatolicum and H. aegyptium. 

Some antigens demonstrated protection that was very efficient in opposition to nymphal and 

larval ticks and incomplete defense against the adults (Mie et al., 2003). Alternatively the 
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ticks H. a. anatolicum cement cone antigen revealed identical sensitivity across all life 

stages. The facts present strong evidence that the tick cement cone larval extract assigned as 

reputed (Anatolin, 23KDa) is a significant stage reactive immunogen. 

Reactivity of antiserum in unfed, partially fed and fully fed adult ticks (H. a. anatolicum) was 

also investigated, demonstrating that the immune response remained consistently strong 

across all tick life stages. Immune response intensity remained consistent during life stages of 

H. a. anatolicum in accordance with Kumar and Kundal, (1999).The larval tick, cement cone 

extract protein (23 KDa) of stayed unvaried throughout instars of feeding and were found 

effective stage reactive antigens that helps in blocking infestation at first instar larval stage 

and decreasing the chances of subsequent infestation .  

Antibody titer against cement cone extract was confirmed by western blots and ELISA 

(Sathaporn et al., 2004). There was post-infestation increase in antibody titres in the 

experimental cows immunized with  larval cement cone protein (23 KDa) but not for the 

control animals, indicated that tick feeding stimulated an anamnestic response and these 

results were in conformance with Trimnell et al .(2002). A significant rise (p<0.01) in 

antibody titre (ELISA) in groups that were vaccinated were noted. Antibodies elevated 

against  the mentioned ticks species H. a. anatolicum and H. aegyptium) (23 KDa) may 

probably be the reason for  failure of ticks to attach to cows, tick death, consequential tick 

drop and reduced rate of development and moulting as well. Domestic cow breeds that were 

immunized elicited a local inflammatory immune response that involved a noteworthy 

increase in eosinophils, basophils, mast cells and lymphocytes that caused a boost in the 

immune response of the animals that were vaccinated. The findings that were related with 

cellular response were also in accordance with Trimnell et al. (2005). 

The skin reactions histological profiles against tick cement cone proteins showed high 

immune response in immunized domestic cow breeds Bovis permiginus. Haematology of the 

immune cow domestic breeds also demonstrated an effectual immune response. Of the 

variety of criterion employed for assessing the immunization success, a large decrease 

engorged tick egg masses and mean weight were examined, signifying signs often efficient 

host immune response. The ticks that fed on hosts which were immunized weighted less than 

the parasitized ticks on domestic cow breeds (control) which indicates the interference of 

feeding due to the immune response of host.  
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Noteworthy declines in the molting percentage were observed in a tick H. a. anatolicum 

which was also confirmed previously by Gill et al. (1986).Reduced development in tick, 

fertility and counts, feeding plus increased tick harm authenticated the immunogenic 

response of cows in opposition to the tick species under discussion H. a. anatolicum and H. 

aegyptium. There was a direct Correlation coefficient r = 0.6 observed among increase in 

antibody titre and increase in tick counts.  

4.5 CONCLUSIONS: 

A variable level of resistance (immune response) against ticks was induced with 

approximately 80 % of vaccinated animals had effective resistance, while 20 % were poor 

responders of vaccination. Causes of poor response require further study. 

  The result concluded that the larval putative tick cement cone extract (Anatolin, 23KDa) of 

tick H. a. anatolicum component is a target of strong antibody response in domestic cow 

breed exposed to co-feeding ticks H. a. anatolicum and H. aegyptium and provides strong 

evidence that Anatolin is immunogenic. The indications have been achieved so far, it was 

found that the antigen isolated was immunogenic, it was cross reactive among the two 

species of genus Hyalomma (H. a. anatolicum and H. aegyptium), it was stage reactive and 

its intensity remained constant throughout different life stages of the tick.   

From the above mentioned statements it is further concluded that Anatolin (23 KDa), a 

putative larval tick cement cone extract, is a unique secretory cross-reactive, stage reactive 

protein for the development of vaccine against H. a. anatolicum and H. aegyptium tick 

species parasitized on domestic cow breed  Bovis permiginus of Quetta district . All the 

parameters for evaluation were positively correlated with the success of the vaccine.  

It can be assumed that all field trials of the relevant developed vaccine might offer cost 

effective, long-lasting method of increasing immunity in cattle at large scale. Anti-tick 

campaigns may be helpful in improving the health of animal in addition to the farmer’s 

socio-economic category and it may be proved as foremost step onward to alleviate poverty 

in Pakistan and other developing countries. 
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EXPERIMENT V. To extract unpurified crude larval tick cement cone protein from the 

Dermacentor andersoni (stiles, 1908) ticks as a stage reactive immunogen against domestic 

cow breed Bovis permiginus (Linnaeus, 1758). 

 

5.1 MATERIALS AND METHODS: 

 

To develop anti- D. andersoni (Stiles) tick vaccine, experiments were conducted on 

immunization of domestic cow breed, Bovis permiginus against ticks species D. andersoni 

(Figure 12) by using putative tick cement cone protein. The same method was adopted for 

antigen isolation as described in the previous experiment IV, but the source of cement cone 

extract antigen was from larval ticks of D. andersoni. Unpurified crude putative tick cement 

protein was extracted from larval cement cone of ticks D. andersoni through SDS-PAGE and 

western blotted on nitrocellulose membrane as described in methodology of experiment IV. 

Domestic cow breed, Bovis permiginus (Linnaeus) was experimentally infested with ticks 

(larvae, nymphs and adults) showing common stage reactive target epitope for antibody 

response. 
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4.2 RESULTS: 

Common stage reactive putative Dermacentor andersoni (Stiles, 1908) 30 KDa attachment 

cone cement as a source of antigen was recognized on western blots. It elicited a strong stage 

reactive immune response during larval and post larval stages of tick feeding (Figure 5.1). 

During feeding (larvae, nymphs and adults) of tick D. andersoni the primary protein in the 

cement cone extract, which was examined antisera of dairy cows after SDS-PAGE and 

western blot demonstrated  bands of 30 KDa. Western blotted cement protein of larval ticks 

D. andersoni proved to be a common immunogen of importance while immunizing domestic 

cow breed, Bovis permiginus (Linnaeus). 

 These protein bands appeared when feeding commenced and remained unchanged 

throughout feeding stages suggesting that (30 KDa) cement protein antigen is protective 

against all parasitizing stages (larval, nymphal and adult). In control domestic cow breed 

serum, there was no band observed on nitrocellulose membrane (Figure 5.2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1. 12.5  Polyacrylamide gel western blot, showing cow (Bovis permiginus) antiserum reactivity with tick cement cone extract of 

Dermacentor andersoni. A: adult, N: Nymph, L: Larva, M: Protein molecular weight markers (KDa). Arrow indicating common stage 

reactive (30 KDa) putative tick cement protein   recognized throughout feeding stages of ticks.  
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Figure 5.2 Western blot strip of control domestic cow serum electrophoresed on 12.5  polyacrylamide gel probed with cow 

antiserum, on nitrocellulose membrane showing no immunopositive bands. M= Prestained molecular weight markers (Kilo-

Daltons).17 KDa (Myoglobin red), 21.5 KDa (Trypsin inhibitor soybean), 29KDa (Carbonic anhydrase) and 38 KDa (alcohol 

dehydragenase). (Bio-Rad Richmond C.A, USA). 

 

5.3 DISCUSSION: 

Nearly all species of Ixodid ticks secrete cement from the salivary gland during the 

attachment phase (Chinery, 1973). In domestic sheep breed, Ovis aries baluchii, due to 

wooly nature, ticks numbers were observed to be low (Iqbal, 2002), and their attachment on 

host was only accidental. In addition to the recognition of protein (Anatolin, 23KDa) isolated 

from the cement cone of larval ticks (H. a. anatolicum) (Koch, 1844) and other cement 

proteins from tick  under study D. andersoni(Stiles) also identified and suggested as stage 

reactive putative antigen. These proteins remained consistent throughout feeding instars and 

were effective immunogenic molecules blocking infestation at the first instar level and 

reducing chances of further infestation. The western blotted larval tick salivary cement 

protein of ticks D. andersoni using anti- Dermacentor hyper immune domestic cow breed 

serum disclosed that the 30 KDa band was available in the cement cone extract of ticks under 

study.   
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 5.4 CONCLUSIONS: 

Putative larval tick cement (30 KDa) is a unique secretary stage-reactive protein against D. 

andersoni (stiles) parasitized on domestic cow breed, Bovis permiginus of Quetta 

(Balochistan). Currently only stage reactivity of the isolated putative anti-Dermacentor 

andersoni vaccine was studied. Cross reactivity, consistency and affects on changes in tick 

behavior, quality, and shelf life suggested the need for further investigation. It will also be of 

future interest to develop truncated constructs of these cement proteins as well as cloning and 

sequencing. 
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EXPERIMENT VI :To detect the efficacy of isolated cement cone extract antigen from 

ticks Hyalomma anatolicum anatolicum (Koch, 1844) emulsified separately with different 

adjuvants and to analyze the effect of different doses on immune response of cow breed, 

Bovis permiginus(Linnaeus, 1758). 

 

6.1 MATERIALS AND METHODS: 

 In this procedure the antigen isolated from cement cone of H. a. anatolicum (Koch)was 

emulsified with equal amounts of Freund’s complete adjuvant (FCA) and incomplete 

Freund’s adjuvant (IFA), Montanide ISA-50 and Alum adjuvants (1ml of each adjuvant 

separately mixed with 5-500 µg/ml/animal),and the injections were given according to the 

schedule cohorts of cow (20x5) ( n = 100). Engorged tick performance was recorded for ten 

weeks after post immunization (Figure XVI).  

6.2 RESULTS: 

There was significantly reduced engorgement with female tick mean weights (p<0.01) in 

cows which were given antigens emulsified with Montanide ISA-50 adjuvant. Figure XVI 

indicates that Montanide ISA-50 was effective as compared to FCA and other adjuvants  

because it induced high level of tick rejection comparable to domestic cow breed immunized 

with FCA, IFA and Alum, and it was proved to be due to the delayed dissolution ability of 

Montanide ISA -50 adjuvant. Similar effects have been observed by Martinez et al. 

(1996).Mean weight of female engorged ticks calculated in the present experiment was 48 

mg, parasitized on cows which were immunized with Montanide ISA-50(Figure XVI). On 

next page, Table 29 shows the Results of vaccine trials related with dosage of vaccine against ticks 

H. a. anatolicum feeding on experimental domestic cow breed Bovis permiginus immunized with 

putative cement cone antigen (Anatolin, 23 KDa) emulsified with Montanide ISA-50 adjuvant. An 

antigenic dose 5-500 µg/ml per animal was used successfully against tick Hyalomma 

anatolicum anatolicum (Koch) challenge infestations (Table 29). 

 

 

 

 

 

 

 



96 
 

Table 29. Results of vaccine trials related with dosage of vaccine against ticks H. a. anatolicum 

feeding on experimental domestic cow breed Bovis permiginus immunized with putative cement 

cone antigen (Anatolin, 23 KDa) emulsified with Montanide ISA-50 adjuvant. 

 

Antigen Dosage** 

Performance in vaccinated 

cows (% Tick rejection) 

1 ml Montanide ISA-50 adjuvant +500 g antigen /ml/animal 32 (SD +  3.31) 

1 ml Montanide ISA-50 adjuvant +50 mg antigen /ml/animal 50.3 (SD +  2.32) 

1 ml Montanide ISA-50 + 20 g antigen/ml/animal  6 0 (SD + 3.41 ) 

1 ml Montanide ISA-50 + 10 g antigen/ml/animal  72 (SD +2.51) 

1 ml Montanide ISA-50 + 5 g antigen/ml/animal*  70.2 (SD +2.1) 
*Lower doses consistently induced a better stimulatory effect on % tick rejection reactivity from tick resistant 

domestic cow breed. 

** All animals’ potency studies were performed as per National Institutes of Veterinary Health rules and under 

the support of creature consideration endorsement conventions. 

 

       

 

                

 

Figure XVI. Mean weights of engorged female adult ticks Hyalomma a. anatolicum from domestic cow breed Bovis permiginus 

vaccinated separately with Montanide ISA-50, IFA, FCA, and Alum adjuvants separately.IFA = Incomplete Freund’s adjuvant. 

FCA = Freund’s complete adjuvant. 
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6.3 DISCUSSION: 

Antigenic dosage and its combination with particular adjuvants is the most essential 

component on which the achievement of immuno protective measures. The accomplishment 

of Montanide ISA-50 adjuvant compared to IFA, FCA and Alum might be because of the 

kind of invulnerable provocative reaction investigated by this particular adjuvant. An 

antigenic dose 5-500 µg/ml per animal was used successfully. 

 IFA adjuvant products have been continued to be, used in veterinary vaccines. Their 

continued use is based primarily on potency in vaccines where aluminum and saponin 

adjuvants-based products have failed. These products are typically composed of light mineral 

oils and purified emulsifiers, such as Montanide ISA 50, and due to these products vaccine 

do not irritate in an unacceptable manner to the animals (Jensen et al., 1998).Therefore, 

successful anti-tick immunization with tick cement cone antigen not only requires antigen 

recognition and production of antibodies but also depends on the use of proper adjuvant.  

 

6.3 CONCLUSIONS: 

 Form this experiment it was concluded that young cows proved to have greater levels of 

resistance to challenge by larval ticks than older cows which were selected for immunization 

experiments. The philosophy that the adjuvant of choice allows for the induction of the 

correct antibody response that allows expression of a cutaneous cellular response that recruits 

particular effectors cells, such as basophils and eosinophils required for rejection of ticks 

(Brown et al., 1986).  The study suggested that dose ranging in turn of , an appropriate scope 

of antigen dosages would be assessed in a measurements titration studies. 
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EXPERIMENT VII: To study the Correlation of seasonal changes and nutritional stress 

with host immune response. 

7.1 MATERIALS AND METHODS: 

During this experiment seasonal changes were noted in the surveyed areas of this study. For 

this purpose variation in temperature, rainfall, humidity, vegetation in pastures, mean % tick 

efficiency, antibody titres and % of tick counts were recorded gently during all seasons of the 

years 2013 and 2014. 

7.2 RESULTS: 

The effect of temperature and humidity on prevalence of  ticks abundance was observed, and it 

was found that on average, the warmest month was July (Year 2012-2013) in Quetta where 

maximum average temperature rise up to 36°C, and humidity 42% greatly enhanced the 

prevalence of tick species. 

Antibody titre through ELISA was positively correlated (Correlation coefficient r = 0.5) to 

the seasonal changes at the time samples collected and were greater during the summer than 

the winter periods (Table 31). 

The tick (Hyalomma anatolicum anatolicum) showed that during the cold months, from 

November to March, the tick counts on cows were significantly (p<0.01) lower due to 

nutritional stress and drought conditions (Figure VII). There were trends toward increased 

tick efficiency during summer season (Table 30). 
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Table 30. Affects of seasonal changes on vaccinated and controlled cows breed, Bovis 

permiginus in different farms of district Quetta (Balochistan). 

Female tick Strains 

Location (Different 

farms of Quetta) 

Mean Efficiency 

%*(E*) Seasons 
Hyalomma anatolicum 

anatolicum Farm 1 0.3 Dry          winter 

 Hyalomma aegyptium Farm 2 0.6 Dry          winter 

  Farm 3 0.5 Temperate   spring 

  Farm 4 1.3 Moist        summer 

  Farm 5 2.5 Moist        summer 
 

   E = 100 x (1 – [CRT x CRO x CRF])      

 

CRT= Reduction in number of grown-up female ticks.  

 

CRO= Reduction in the egg laying limit.  

 

CRF= Reduction infertility. (Decrease was measured regarding the unvaccinated control group).  

 

Symbol demonstrating pattern towards expanded tick effectiveness. 

      

Figure XVII: Monthly correlation of % tick Hyalomma anatolicum anatolicum counts on immunized domestic Cow breed, Bovis 

permiginus in different seasons of the year (from January 2013 to December2014) in vaccinated and control cows at P-value (p< 

0.01). 
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Table 31.Results of vaccine trials related with seasonal mean antibody response detected 

through ELISA in vaccinated domestic cow breed, Bovis permiginus immunized with 

putative cement cone antigen (Anatolin, 23 KDa) isolated from larval ticks Hyalomma 

anatolicum anatolicum. 

 

Parameters Performance in vaccinated domestic cows 

Antibody titre (x 103 ) (Winter, 2013) 1:20 

Antibody titre (x 103 ) (Spring, 2013) 1:35 

Antibody titre (x 103 ) (Summer, 2013) 1:40 

Antibody titre (x 103 ) (Autumn, (2013) 1:30 
     Correlation coefficient r = 0.5 

 

7.3 DISCUSSION: 

It is suggested that distribution of ticks are not fixed but can be determined by a complex 

interaction of factors such as, atmosphere, host thickness, host susceptibility, grazing and posture 

herd management. Seasonal variations (Temperature, Rainfall, vegetation in pastures), mean 

% tick efficiency and antibody, % tick counts were recorded during all seasons of the year 

2013 and 2014. The result indicates that suitable conditions for propagation of tick 

population occurred during July, resulting in the highest rate of incidence in the month of 

August. Similarly the lowest rate of incidence was recorded during the month of January 

when the lowest temperature and moderate relative humidity were recorded. There is gradual 

increase in temperature in the subsequent months, thus indicating the temperature positively 

correlated with tick population as compared to relative humidity; however the effect of 

relative humidity, on the rate of incidence cannot be ruled out. The work is in conformity 

with the findings of  Gilbert et al.(2014).Seasonal variations due to temperature and rainfall 

are ubiquitous and can exert strong pressures on immune response (Altizer et al., 2006 ).  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilbert%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24772293
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Balochistan is facing drought conditions during the last decade so there was nutritional stress 

faced by domestic cow breeds. With these field situations of drought and nutritional stress 

during winter season, the rate of infestation remains low, the sensitivity of our ELISA assay 

will allow us to detect low-level infestations during winter, which are difficult to detect 

during rapid visual checks. ELISA was chosen to detect vaccine responses in high thraput 

scale. It is comparatively cheaper than DOT ELISA, immunoelectrophoresis and Immuno 

fluorescence, so can be adopted on broad based vaccination campaign, in developing 

countries like Pakistan. This assay can detect an infestation as low as sample of ten 

specimens during colder months of the year. 

7.3 CONCLUSIONS: 

 

The data shows gradual trends towards increase titres with respect to rise of temperature due 

to seasonal changes. This information describes towards positive correlation (r = 0.5) 

between seasonal changes and immune response. 
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EXPERIMENT VIII: To detect safety profile, shelf life of the developed vaccine and also to 

identify potential constraints for the implementation of effective anti-tick vaccine 

programme as well as to formulate recommendations to streamline industrial constraints. 

 

8.1 MATERIALS AND METHODS: 

Farmers were asked questions through a questionnaire (Table 32). The questionnaire was 

formatted in the national language “Urdu” of the country. A local translator was hired for 

those respondents who could not understand “Urdu language. Total of seven farms were 

surveyed randomly for the identification of potential constraints faced by farmers for the 

implementation of effective anti-tick vaccine programme in different farms of district Quetta. 

Studies were conducted (data not shown) on the target domestic cows breeds to enumerate 

any inauspicious impacts that might happen under the proposed utilization of the product. 

Health of vaccinated animals were examined regularly to establish a worthy security profile 

in the improvement procedure of antibody. To achieve the goal of a successful anti-tick 

vaccine development programme. A registration dossier was prepared that includes the cost 

affectivity, quality, shelf life, handling, cure, efficacy and fabricating controls for the new 

product. 

Stored vaccine samples were taken throughout the year at the intervals of six months (2012- 

2013and 2013-2014).Vaccines were inoculated into domestic cow breed (Bovis permiginus) 

by the method as described previously (4.1.8 vaccination of cattle). Long term stability tests 

were performed to verify that the vaccine is stable and commercially acceptable for longer 

shelf life. The outcomes  of Figure 18 demonstrates ceaseless expansion in mean weights of 

immunized cows all through the investigations proposing no conspicuous negative impacts of 

inoculation on the objective host. 

The experiment was performed in replicates of ten. Vaccine vials (2 ml) were stored in solar 

powered sun frost refrigerator (RFVB-134 a-DC-vaccine refrigerator, High noon Int.) at 

World Health Organization( WHO) recommended ranges of 2ºC to 8ºC (Yuan et al., 1995). 
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8.2 RESULTS: 

 

To ensure the quality and consistency of the vaccine, experiments were performed in 

compliance with the internationally recognized guidelines (Pierce et al., 2002).Results of 

effective antitick vaccine program implemented in different farms of the district is described 

in Table 32. Figure XX indicates that when vaccine was stored at 6 ºC temperature, it showed 

optimum efficiency. The vaccine storage also helps in transportation viability. A thermal 

resistant vaccine is more effective in transporting to distant areas of Balochistan. Percentage 

efficacy was calculated through tick response in vaccinated cows by injecting vaccine kept at 

different temperatures.  
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Table 32. Questionnaire for the implementation of effective anti-tick vaccine programme in 

different farms of district Quetta. 

        
Constraints farm1  farm2 farm3 farm 4 farm 5 farm 6 farm7 

Available farm animal industry  +  + +  +  +   +  + 

course of study  +  _ _   +  _  _  _ 

Advantage cost analysis  + +   +  +  +  +  _ 

Open/proprietor Conviction  _  _  _  _  _  _  _ 

fitting legislation to take after 

animals wellbeing  _ _  _  _  _   _  _ 

Satisfactory continuous finance  _  _  _ _  _  _  _  

Logically based strategies  _ _  _  +  +  _  _  

Geologically characterized 

distribution  + +  _  +  _   _ _  

Proficiency rate  + ++  ++  ++  ++   +  + 

Social standards/Psychy of 

farmers to take after inoculation 

program  _ _  _  _  _  _  _  

Economic wellbeing of farmers  _  +  ++  +  ++  _  _ 

Political and Departmental will  _ _  _  +  +  _  _  

Sufficient domesticated animals 

taking care of facilities  +  +  +  +  +  +  + 

Successful cultivating training 

programme  _ _  _  _  _  _  _  

Immunization and vaccination 

trainings  _  _  _  _  _  _  _ 

Sufficient isolate measures  _ _  _  _  _  _  _  

Political stability  _  _  _  +_  +  +  + 
Actual and predicted distribution of 

the modeled tick species in the 

surveyed area - + + + -__ + - 
+, Facility accessible, - , Facility not accessible, ++, Cost successful accessible assets, +-, to some degree 

 

A number of farm houses were visited at a selective sites detailed questionnaire that covered 

a number of question’s which were asked and provided to the local farmers during research. 

It was concluded that most of the farm houses lacked of a number of constraints such as cost 

successful accessible assets among legislative issues and satisfactory continuous finance by 

the Government and private sector. It was also observed that immunization and vaccination 

training are not conducted by any competent authorities who ensure the basic information 

regarding vaccine inoculation to the farmers while on the other hand proficiency rates, 
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knowledge about tick species and availability of animals husbandry industries were present 

during this survey. 

 

 

 

 

 

                                                             

                                           

Figure XVIII: Results of vaccine trials showing gradual increase in weight of vaccinated cow breed (Bovis permiginus) in relation to 

months (Post inoculation). 

Results (Figure XIX) showing that the developed vaccine has longer shelf life.  

 

Figure XIX:  comparison of shelf life of the developed vaccine to virtual life of vaccines. 
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Figure XIX indicated 90% storage efficacy, the vaccine showed thermo stability only up to 

10% which means that the vaccine can be stored for longer duration at room temperature 

(Ambient temperature).After a short period of time finally delivery and capacity in the 

dispersion and retail channels were additionally examined. In the field trials vaccine 

temperature monitor (Dickson’s VFC-70) was used to keep the temperature chain of the 

vaccine within recommended ranges. Stability protocols including storage of the product 

under a variety of temperature (Figure XX) and humidity conditions to establish the physical 

and chemical stability of the product was also studied. 

                                          

Figure XX:  Percentage efficacy of the developed vaccine, stored at (optimum temperatures) 6ºC as compared to control. 

 

% efficiency was calculated by the formula =   E = 100 x (1 – [CRT x CRO x CRF])   

CRT = Reduction in number of grown-up female ticks.  

CRO = Reduction in the egg laying limit.  

CRF = Reduction in richness. (Reduction was measured as for the Unvaccinated Control group). 
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Business development and market research: 

The significant cost of development of vaccine was critically assessed in Pakistani currency 

to ensure that the product is of sufficient merit to justify the investment and be likely to 

generate a satisfactory return (Data not shown). 

8.3 DISCUSSION: 

While developing a standard protocol to establish anti-tick vaccine campaign, the main 

hurdle is the missing of standard control protocols in order to transcribe the situation in each 

country. The farms are unique so success of vaccines depends largely on the cost effectivity, 

quality, shelf life, planning and monitoring of different strategies. The process of product 

development involves a number of components, such as: business development, quality 

standards, safety of target animal, efficacy, dosage and shelf life. Commercial development 

of a new anti-tick vaccine required analysis of market size and registration of a new product. 

The expected return may not justify the full development cost of a new vaccine, therefore: 

business plan for the development of a new vaccine may need to be a part of a broader use 

opportunities and needs further studies. The study is continued to monitor vaccine response 

for future long term anti-tick campaign in Balochistan.  

 

Recommendations to streamline industrial constraints and future challenges: 

Keeping in view the potential constraints in different farms of district Quetta Balochistan 

(Pakistan) the following recommendations were made to cope with future challenges. The 

development and commercialization of Bm86 based vaccines against the cattle tick R. microplus. 

Which has been shown to be effective in the field, has laid the foundation for future development 

of environmentally sound tick control through vaccination in an integrated control strategies. 

Several problems have been identified which explain the relatively small impact of these 

vaccines in tick control world-wide. Besides commercial constraints, the inefficacy of the 

existing vaccine against some tick species and absence of a direct knock-down effect are the most 

important problems. More efficacious and ideally stand-alone vaccines which can control 
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multiple tick species in wide geographical areas are thus desirable, particularly in regions where 

extensive acaricides resistance has emerged in ticks. Besides the identification and evaluation of 

vaccine, the efficacy of current tick vaccines may be improved by the inclusion of additional 

antigens. Livestock in Balochistan (Pakistan) is tamed by many rural animal owners who 

invest minimal financial resources due to poverty and illiteracy. They graze their cattle in 

traditional way. For the success of a good efficacious anti-tick vaccine campaign in Pakistan, 

there is need to enforce appropriate legislation and good management. Furthermore, it is 

imperative to provide technical support and socio- economic strength to the status of farmers. 

It is highly suggested that the government agencies and vaccine developing companies 

should educate farmers about the methods of vaccine to control ticks. The vaccination 

program is based on long term objectives and it focuses on territorial boundaries of different 

areas in the province. As a matter of fact, Balochistan has long borders with Afghanistan and 

Iran. There is no proper monitoring of livestock exchange in border areas. Government of 

Pakistan is responsible to prevent unauthorized livestock movement in border areas to control 

the spreading of tick infestation and tick-borne diseases. Therefore, a wide-ranging policy on 

tick management is needed which can also include cattle vaccination as part of this 

management. As far as vaccination campaign is concerned, Dairy Development Department 

of the province must play its role during the tick infestation prone season, cattle owners must 

be advised to inoculate anti-tick vaccine to their cattle. However, the government of Pakistan 

has not so far been established a mandatory vaccination program across the country. There 

are many countries where vaccination program is mandatory for livestock. This has been 

achieved in Cuba using the R. microplus GAVAC® vaccine was registered in 1993. This 

vaccine was further registered in Colombia and the Dominican Republic in 1994, in Brazil, 

Paraguay, Bolivia, Argentina and Mexico in 1995 (Rodriguez et al. 1995; Rodriguez et al. 
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1995; Lambetti et al. 1995; de la Fuente et al. 1995; Cobon et al.1995). Australian cattle 

producers have for many years been able to take advantage of the tick fever vaccine to 

protect cattle against Babesia and Anaplasma organisms that are transmitted by cattle ticks. 

The vaccine is important especially for dairy farmers and producers of British and European 

cattle, which are highly sensitive to Babesia and Anaplasma infections (Bock et al., 1999). 

However producers of crossbreds, which have intermediate susceptibility to Babesia, and 

purebred tropically-adapted breeds of cattle such as Brahmans may also choose to vaccinate 

due to the innate susceptibility of these breeds to Anaplasma infection. One of the non-

chemical control methods that have been developed to control cattle tick is vaccination. Tick 

GARDPLUS® vaccine was a commercially available vaccine used as an aid in the control of 

R. microplus. Jonsson et al. (2000) evaluated the efficacy of Tick GARDPLUS® against R. 

microplus in lactating Holstein-Friesian cows.  It was reported that the vaccine reduced 

moderate tick populations on lactating dairy cattle in the field. This reduction was affected 

via reduced yield of engorged ticks, reduced egg production by engorged ticks and reduced 

hatchability of eggs. Antibody titres were also low after tertiary vaccination. This vaccine 

was commercially available for more than a decade and was widely used by cattle producers 

in Northern Australia, but did not have a significant impact on cattle tick populations. It is no 

longer available for cattle producers in Australia but remains on the market in Cuba, Mexico 

and South America. In Australia, Queensland, livestock travel from the cattle tick infected 

area of Queensland to the cattle tick protected or free areas of Queensland with the 

permission of livestock inspector. It enables the authorities to have proper control on tick 

infected animals in Australia.  In the neighboring countries like India Livestock has 

reportedly been affected adversely by 140 tick species (Gosh and Nagar, 2014). 

Rhipicephalus (Boophilus) microplus is considered as one of the most widely prevailed tick 
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species of livestock and causes fatal diseases with significant production loss. Kumar et al. 

(2016) reported commercially available anti-tick herbal and chemical products (Butox®Vet, 

Zerokeet®, and Erina®EP) with chemically characterized phyto-formulations which were 

developed against field ticks and resistant tick lines of R. microplus.  While Zerokeet® 

(polyherbal product) found effective against field ticks and resistant tick lines. Erina® EP 

showed very limited efficacy against all the tested ticks compare to the newly developed 

phyto-formulation, NBA/13/B/2 and NAC-01 conferred an efficacy of 82.4–91.3 and 62.3–

94.6 % respectively against ticks. This newly developed formulation showed higher 

marketing potentiality in the existing tick problem scenario in India. In Iran, molecular study 

(Ebrahimi et al., 2010) was done on characterization of Hao3 antigen, a homolologue of 

Bm86 (a mid-gut-derived antigen of Boophilus microplus) isolated from the Iranian 

Hyalomma anatolicum anatolicum cattle tick. This Hao3 antigen is commercially available 

and used as the standard tick vaccine throughout Iran against cattle tick infestation (Razi 

Vaccine and Serum Research Institute, No. 2-18-18-8701-87004). CASVAB is a research 

institute which has been engaged with vaccine development for livestock in Balochistan. 

However, the functionality of the Institute is very limited as it is only developing Anthrax 

and foot and mouth disease vaccine for livestock. These vaccines are rarely exported to 

Afghanistan. Hyalomma vaccine was developed through this study which is premier in local 

scenario. Hence, Hyalomma anti-tick vaccine has a significance impact on livestock of 

Balochistan. If it is properly commercialized through the adequate marketing channels, it will 

serve the agrarian society in particular. The development of Hyalomma vaccine is noble 

service for the province and it has the potential to export to neighboring countries, such as 

Afghanistan and Iran. Considering cost affectivity inexpensive ways of antigens sources were 

devised in the present study. Hyalomma vaccine (Hyalomma anti-tick antigen) developed in 
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the present study will be send to veterinary Pharmaceutical Industry (Tarobina Corporation, 

226- Ahmad Block new Garden Town, Lahore- Pakistan-www.tarobina.com) for patent ship 

and application also submitted to Pakistan Intellectual Property Organization (PIPO) 

[application No. P O.2016/1244app.] to patent the vaccine. This vaccine then might be made 

accessible for cattle owner’s farmers and marketing in and outside the country. It is 

suggested to further purify the antigens or recombinant antigens may also be used in future.  

Future research tasks include characterization of the genetic variability in tick strains 

subjected to biogeographically separation, improvement in new delivery systems etc. It is 

recommended this vaccine should be available for livestock vaccination trial campaign on 

large scale in Balochistan (Pakistan). 
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Figure 1.  Hyalomma anatolicum anatolicum tick with intact cement cone. 
 

 

 

 

     Figure 2 . Longitudinal section of cement cone of tick Hyalomma a. anatolicum in the  

                dermis of domestic cow breed. 
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Figure 3. Whole tick mount of Hyalomma aegyptium showing intact cement cone. Arrow 

indicating cement cone.x100. 
 

 

 

 

 

 
 Figure 4. Tick Hyalomma aegyptium (w.m) 10x. 
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Figure 5. Tick (Hyalomma anatolicum anatolicum) showing hypostome 100x.inserted in to 

the Baudruche membrane. arrow indicating recurved teeth. 
 

 
 

Figure 6. Tick (Hyalomma anatolicum anatolicum) (W.M), 40x  

                                            (Fully engorged). 
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 Figure 7. Tick (Hyalomma anatolicum anatolicum) (Nymph 100x) 

 

 
Figure  8. Tick (Hyalomma anatolicum anatolicum) (W.Mx40). Partially engorged. 
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                             Figure:2 Tick slide 

 

 

 

 

 

 

 

 

Figure 9 Tick (Hyalomma anatolicum anatolicum) (W.M), 40x  

                                            (Fully engorged). 

 

 
 

Figure 10. front view of capitulum 
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Figure 11. lateral view of capitulum 
 

 

 

 

 
 

 Figure 12 Dermacentor andersoni 
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Figure 13 Biopsied skin of immunized domestic cow showing degranulated mast cells 

indicated by arrows 100x. 

 

 

 

 
Figure 14 lymphocyte 
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Figure 15 Monocyte 

 

 

 

 

 

 
Figure 16 Serum antigen 
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Figure 17. Biopsied skin of immunized domestic cows showing Leucocyte. 
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Figure 18.Skin lesion flutter 
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 Figure 19 Baudruche membrane with attached ticks . 
 

                                 

 
                              

 

Figure 20 In vitro tick feeding chamber. 
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Figure 21 Taking blood samples 

 

                   

 

Figure 22 To vaccinate the cows 
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Figure 23 Filtration of tick eggs. 
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Figure 24 Ticks eggs during weight 

 

 

 

 Figure 25Ticks during weight 
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Figure 26 Life cycle of Tick 

 

 

 
 

Figure 27Tick rearing 
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Figure:28 Microplate reader 680 (Bio-Rad) 

 

 
Figure 29 Micro centrifuge (Clifton 000 series) Nickel electro Co. U.K 
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Figure 30 Hot plate stirrer (jenway) 

 

 
 

 Figure 31 Uv spectrophotometer (jenway 6505) 
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Figure 32Maximix mixer (Thermolyne, U.K). 

 

 
 

Figure 33 Incubator (Binder- W.Germany) 
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Figure 34 Tick rearing incubator-PN060 (Carbolite U.K) 

 

 
 

Figure 35 Incubator (Binder W.Germany) with humidity control 
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Figure 36 Electrophoresis unit (Sci plas) 

  

 
 

 Figure 37 Dissecting microscope (Wild Heerbrug M1A Switzerland). 
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Figure 38Vernier caliper (Somet, Czechoslovakia) 

 

 
 

Figure 39 Skin caliper (Mitutoyo, Japan) 
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Figure 40 Digital Balance (Kern EW Germany). 
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Figure 41 Compound microscope (Olympus CH10 Japan) 

 

 
 

Figure 42 Photographic microscope (Leica) 
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Figure 43 Comparison of fully fed and unengorged tick  clusters before (Upper) and after 

(Lower) Immunization. 

    
 

Figure 44 Microtome (SMIC) 
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Figure 45 Circulating water bath 

 

 

 

 

 
 

 

Figure 46: Invitro tick rearing 

 

 

 

 

 

 



154 
 

 ANNEXURE 

 

 ANNEXURE 1.  Google map of Quetta showing   prevalence of tick Species ( Hyalomma anatolicum 

anatolicum, Hyalomma aegyptium ,Boophilus microplus and Dermacenter andersoni) in Cattle. 
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Arrow indicate the study area 
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 ANNEXURE II Sites of predilection of ticks from where ticks were collected. 

 

 

 

 

 

 
 

Circles indicate tick collecting region. 
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ANNEXURE III Meteorological Data at Quetta, Pakistan for 2013 to 2014 showing mean 

monthly temperature, % humidity and rainfall. Data was obtained at the meteorological 

Station, Government of Pakistan, Department of Agriculture Research, Agriculture Research 

Institute, Sariab road, Quetta, Balochistan.  

 

Month  Average Temperature (C)              Relative Humidity           Rainfall (mm) 
                               (%) 

 

January  06.20        51.70   02.00 

February  09.10     38.70   00.20 

March   15.20     26.70   00.00 

April   19.30     22.10   Traces 

May   23.40     22.10   00.10 

June   26.70     16.40   00.00 

July   27.60     25.00   Traces 

August   26.70     34.20   00.00 

September  23.05     25.80   00.00 

October  14.80     22.60   00.00 

November  12.50     37.00   00.10 

December  6.90     42.80   01.30        

      

Average   17.62     29.81   000.12 

 

Mean relative humidity reflects drought conditions. 
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ANNEXURE IV. Geographical map of Balochistan province (Pakistan). Courtesy: Survey of 

Pakistan, brewery road Quetta, Pakistan. 
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Annexure V.  Estimated Livestock Products Production 

Species          Units                                                2010-11                                        2011-12                                                      

2012-131 

Eggs           Million Nos.                                          12,457                                          13,144                                                           

13,813 

Hides         000 Nos.                                                 13,481                                          13,938                                                          

14,410 

Cattle              "                                                           6,741                                            6,995                                                            

7,258 

Buffalo           "                                                           6,640                                            6,842                                                            

7,050 

Camels           "                                                              100                                                101                                                              

102 

Skins              "                                                         48,478                                           49,582                                                         

50,713 

Sheep Skin     "                                                         10,620                                           10,745                                                          

10,873 

Goat Skin       "                                                          23,685                                          24,237                                                         

24,986 

Fancy Skin     "                                                          14,173                                          14,509                                                         

14,854 

Lamb skin      "                                                            3,154                                             3,192                                                           

3,229 

Kid skin         "                                                          11,019                                           11,318                                                         

11,624 

Wool          000 Tones                                                 42.5                                               43 .0                                                             

43.6 

Hair                "                                                              23.2                                               23.8                                                             

24.4 

Edible Offal’s "                                                              344                                                353                                                              

363 
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Blood              "                                                             58.3                                               59.8                                                             

61.3 

Guts            000 Nos.                                                48,974                                           50,089                                                         

51,232 

Casings         "                                                           14,347                                           14,832                                                         

15,333 

Horns & Hooves 000 Tones                                       49.5                                                50.9                                                             

52.5 

Bones                       "                                                 735.1                                              757.5                                                           

780.5 

Fats                           "                                                234.8                                              241.7                                                           

248.8 

Dung                         "                                               1,039                                               1,071                                                           

1,104 

Urine                         "                                                  320                                                  329                                                              

338 

Head & Trotters        "                                               214.0                                               220.1                                                           

226.3 

Ducks, Drakes and Duckling Million Nos.                             

0.6                                                                              0.5                                                      0.5 

Source: Ministry of National Food Security & Research 

1: The figures for livestock product for the indicated years were calculated by applying 

production parameters to the projected population of respective years. 
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Agriculture growth percentages in Pakistan (Base=2005-06) 

Sector             2006-07       2007-08         2008-09           2009-10        2010-11         2011-12       

2012-13 

Livestock      2.8             3.6             2.2                3.8              3.4             3.9             3.7 

Source: Pakistan Bureau of Statistics, 2014 
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ANNEXURE VI. Composition of Coomassie Brilliant Blue stain (CBB) 

 

 Water  40 ml 

 Acetic acid 10 ml 

 Methanol 50 ml 

 Coomassie brilliant Blue CBB-R-250) 0.25 

 

Filter solution through No.1 Whatman paper to remove any particulate material. Store room 

temp in a tightly sealed container (Robert et al.)  

 

ANNEXURE VII. Composition of stacking gel 

 

Chemicals Amount (ml) 

Acrylamide/bisacrylamide  

Water  

1.5M Tris HCl pH 8.8 5.0 

10 % SDS 0.2 

APS (ammonium per sulfate) 0.14 

TEMED (Tetramethyldiamine) as Catalyst 0.03 

Total 20.0 

 

ANNEXURE VIII. Composition of resolving gel: gel concentration of 12.5 % in 0.25 M 

Tris-HCl pH 8.8 

 

Reagents Amount (ml: To make 10 ml)) 

40 % Acrylamide stock* 3.1 

Water 3.8 

1.5M Tris HCl pH 8.8 2.5 

10 % SDS 0.1 

Peroxydisulphate 1% 0.5 

TEMED (Tetramethyldiamine) as Catalyst 20 µl 

* = 38:1 w: w ratio of acrylamide to N, N/- methylene bis-acrylamide. 

 (Ed Rybicki et al Internet). 
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ANNEXURE IX.  Reagents and buffer systems: 

 

 

 

Acrylamide/bisacrylamide monomer stock solution (30 % T, 2.6 % C) 

Acrylamide 58.4 gm + bisacrylamide 1.6 gm made upto 200 ml with dd H2O and 

degassed, filtered through Whatman No.1 and stored in an Amber bottle. 

 

4X Running gel buffer (1.5 M tris-HCl, pH 8.8). 36.3 g of Tris are dissolved in 180 ml 

dd H2O, titrated to pH 8.8 HCl and made upto 200 ml. The buffer is stored at 4 ºC. 

 

4X stacking gel buffer (500 mM tris-HCl, pH 6.8). 12 g Tris is dissolved in 180 ml dd 

H2O , then titrated to ph 6.8 with HCl and made upto 200 ml. The buffer is stored at 4 ºC. 

SDS stock solution [10 % w/v]. 10 g SDS is dissolved in dd H2O and made upto 100 ml 

with dd H2O. The solution is stored at room temperature. 

 

Ammonium persulfate initiator solution [(10 % (w/v)]. 0.05 g ammonium persulfate is 

dissolved in 500 µl dd H2O just before use. The solution is kept at 4 ºC for upto 1 week. 

 

Acrylamide = 58.4 gm. 

Bis acrylamide 1.6 g made upto 200 ml with dd H2O and degassed, filtered through 

whatman No.1 stored in an Amber bottle. 

 

 

ANNEXURE X. Composition of Adjuvants: 

 

1. Freund’s Incimplete adjuvant (FCA): 

8.5 volumes of light paraffin oil and 1.5 volumes of an emulsified (Alrecel A). 

      2.  Freund’s complete adjuvant (FCA): 

 8.5 volumes of light paraffin oil and 1.5 volumes of an emulsified (Alrecel A) +  

 10 mg /ml dried Mycobacterium butyricum. 

 

 
ANNEXURE XI. Composition of 25 mM tris, 192 mM glycine: 

Mix 0.03 g tris, 14.4 g glycine, 200 ml methanol + distilled deionized water (dd H2O) to 1 

litre. 
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