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Disease transmission
Only a small number of tick species are vectors of important economic diseases or toxicosis in sub-Saharan Africa (see Table 1). These are Amblyomma hebraeum, Amblyomma variegatum, Hyalomma dromedarii, Hyalomma truncatum, Ixodes rubicundus, Rhipicephalus (Boophilus) microplus, Rhipicephalus (Boophilus) decoloratus, Rhipicephalus appendiculatus, Rhipicephalus evertsi evertsi, Rhipicephalus zambeziensis and argasid or soft ticks of the Ornithodoros moubata/porcinus complex. Each of these ticks occurs in specific areas suitable for survival and reproduction. In cattle they transmit diseases of economic importance such as heartwater, babesiosis, theileriosis and anaplasmosis but also non-pathogenic or mild theileriosis, spirochaetosis, benign anaplasmosis, benign babesiosis and ehrlichiosis. Diseases affecting sheep and goats are heartwater, anaplasmosis, theileriosis, spirochaetosis and Nairobi sheep disease. Diseases that affect horses, mules and donkeys are piroplasmosis, spirochaetosis and those of pigs are porcine babesiosis and African swine fever.
Several wild ruminant species are susceptible to Ehrlichia ruminantium the causal organism of heartwater or cowdriosis or can act as carriers of the organism. Some are also carriers to certain Theileria spp., while zebra (Equus spp.) are carriers to Babesia caballi and Theileria equi the cause of equine piroplasmosis, and wild suids to Babesia trautmanni the cause of porcine babesiosis and to infection with the virus of African swine fever.
Ixodid ticks are also important vectors of several organisms causing disease in humans in sub-Saharan Africa. These are Rickettsia conori the cause of tick bite fever or tick typhus, Coxiella burneti the cause of Q-fever, and the virus causing Crimean-Congo Haemorrhagic fever. In addition argasid ticks of the Ornithodoros moubata complex can transmit Borrelia duttoni the cause of African relapsing fever to humans.

		Vector
	Disease
	Causative agent
	Method of transmission
	Animals affected

	A. hebraeum
	Heartwater
Benign bovine theileriosis
Foot abscesses
	Ehrlichia ruminantium
Theileria mutans,T. velifera
	TS, IS, TO*
TS
	Cattle, goats, sheep
Cattle
Goats

	A. variegatum
	Heartwater
Benign bovine theileriosis
Bovine anaplasmosis
Nairobi sheep disease
Bovine dermatophilosis
	Ehrlichia ruminantium
Theileria mutans,T. velifera
Anaplasma bovis
Nairobi sheep disease virus
Dermatophilus congolensis
	TS
TS
TS
TS

	Cattle, goats, sheep
Cattle
Cattle
Sheep
Cattle, sheep, goats, horses

	H. dromedarii
	Oriental theileriosis
	Theileria annulata
	TS
	Cattle

	H. truncatum
	Sweating sickness
Equine piroplasmosis
Toxicosis
Crimean-Congo Haemorrhagic fever
Boutonneuse fever
	Toxin
Babesia caballi
Crimean-Congo haemorrhage  fever (CCHF) virus
Rickettsia conorii
	
TO

TS

TS
	Calves
Horses, donkeys, mules
Dogs
Humans

	I. rubicundus
	Spring lamb paralysis
	Toxins
	
	Lambs

	R. microplus
	African redwater (babesiosis)
Asian redwater (babesiosis)
Galsickness (anaplasmosis)
Borreliosis/spirochaetosis
	Babesia bigemina
Babesia bovis
Anaplasma marginale
Borrelia theileri
	TO
TO
TS, IS
TO
	Cattle
Cattle
Cattle
Cattle, sheep, goats, horses

	R. decoloratus
	African redwater (babesiosis)
Galsickness (anaplasmosis)
Borreliosis/spirochaetosis
	Babesia bigemina
Anaplasma marginale
Borrelia theileri
	TO
TS, IS
TO
	Cattle
Cattle
Cattle, sheep, goats, horses

	R. appendiculatus
	East Coast fever, Corridor disease
Benign bovine theileriosis
Bovine anaplasmosis
Nairobi sheep disease
Tick toxicosis
	Theileria parva

Theileria taurotragi
Anaplasma bovis
Nairobi sheep disease virus
Toxins
	TS

TS
TS
TS, TO
	Cattle, African buffalo

Cattle, eland
Cattle
Sheep, goats
Cattle, antelope

	R. evertsi evertsi
	Ovine theileriosis
Equine babesiosis
Equine theileriosis
Galsickness (anaplasmosis)
Borreliosis/spirochaetosis

Tick paralysis
	Theileria separata/T. ovis
Babesia caballi
Theileria equi
Anaplasma marginale
Borrelia theileri

Toxins
	TS
TS
TS
IS
TS, TO
	Sheep
Horses, donkeys, mules
Horses, donkeys, mules
Cattle
Cattle, sheep, goats, horses
Lambs, dogs

	R. zambeziensis
	East Coast fever, Corridor disease
Benign bovine theileriosis
Bovine anaplasmosis
	Theileria parva

Theileria taurotragi
Anaplasma bovis
	TS

TS
TS
	Cattle, African buffalo

Cattle, eland
Cattle






Table 1: Tick vectors, diseases, causative agents and hosts affected.
TS = Transstadial			IS = Intrastadial				TO = Transovarial

Some tick species readily pass their disease-causing agent to their hosts, while others are inefficient vectors or are incompetent. The most common routes of transmission are:
[bookmark: _Toc175723824][bookmark: _Toc372275494]Transovarial transmission
Transovarial transmission (i.e. from parent to the progeny via the ovaries) occurs in the case of Babesia bovis and B. bigemina transmitted by Rhipicephalus (Boophilus) spp. Although both parasites seem to be transmitted in the same way, large differences exist between acquiring the protozoan and transmitting it. The difference might be a result of the different characteristics of the Babesia’s. Only Rhipicephalus microplus is able to transmit Babesia bovis in southern Africa. In West and equatorial Africa R. annulatus is also capable of transmitting the pathogen. B. bovis is acquired by adult ticks while they are feeding and transmission to the host occurs through the larvae of the following generation, and not by nymphs or adults. After feeding, the larvae are no longer infected and the tick needs to re-infect itself in the adult stage (no vertical transmission). Babesia bigemina is transmitted by both R. (Boophilus) decoloratus and R. microplus. Although the pathogen is also transmitted transovarially and acquired during the engorgement of adult ticks, transmission is via engorging nymphs and/or adults of the next generation. Vertical transmission occurs as well, infection from one generation to another without necessarily reinfection having taken place.
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Transstadial (i.e. from one life stage to the next) occurs in East Coast fever (ECF) caused by the protozoan Theileria parva and transmitted mainly by R. appendiculatus but also by R. zambeziensis. In both vectors the parasite is acquired during larval or nymphal feeding and transmitted in the next stage by nymphs (if acquired by larvae) or adults (if acquired by nymphs). After transmission of the parasite to a naïve animal, the ticks are free of infection. The parasite undergoes a complex reproductive cycle in the ticks in contrast to many other pathogens. Anaplasma spp. for instance can also be transmitted transstadially but are already infectious in the same lifecycle stage in which the pathogen was acquired. Intrastadial transmission of Anaplasma spp. is also possible.
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Intrastadial (within the same life stage, by males) in the case of heartwater, caused by the parasite Ehrlichia ruminantium, mainly transmitted by Amblyomma variegatum and A. hebraeum although other Amblyomma spp. like A. pomposum, A. lepidum , A. cohaerens and A. gemma are of lesser importance . Amblyomma male ticks produce a pheromone during feeding that attracts nymphs and adult Amblyomma ticks to the same animal and to area where the male tick is feeding. As a consequence, clustering occurs on some animals, a phenomenon which is often observed. It is important to notice that during the process of clustering mainly male ticks first start a blood meal, during which phase the ticks can acquire infection with E. ruminantium, and after clustering some may detach and continue their blood meal on another animal. Ehrlichia ruminandium can easily be transferred from one host to another during this process and are transmitted by the same tick in the same stage, a process that is known as intrastadial transmission. The same method of transmission is also observed in the case of Anaplasma marginale and A. centrale, by their main vector R. microplus and by Rhipicephalus simus. To be able to transmit pathogens intrastadially, the pathogens needs to be infective for the host in the same lifecycle stage in which it was acquired. If not, the pathogen cannot infect the host (i.e. Theileria parva is acquired as piroplasms in the larval or nymphal stage of the tick and the parasite undergoes a sexual reproduction in the tick and only becomes infective to cattle again in the following tick stage).
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Some pathogens, like tick-borne encephalitis (TBE) virus, present in some parts of Asia and Eastern and Central Europe, are transmitted in a particular way, which also depends on the vector’s seasonal dynamics. TBE virus is normally short-lived in its rodent hosts and usually does not develop patent systemic infections. This implies that the transmission to ticks during feeding is far from efficient. The feeding mechanism of ticks is different from that of mosquitoes for instance, in that ticks do not probe for superficial blood veins, instead they make a feeding pool with their chelicerae from which they ingest blood and other fluids that flow to the feeding pool. During feeding ticks also produce pheromones (chemical messenger chemicals) that attract other tick stages of the same tick species towards the same feeding pool. Although most commonly found in Amblyomma spp., it has also been observed in other tick genera. When infected nymphs feed next to non-infected larvae, the infection can be transmitted from the nymphs, via the feeding pool, to the unfed and non-infected larvae. Only when sufficient larvae and nymphs are active in the same season, TBE foci exist (Randolph, 2005).
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Mechanical transmission of Theileria mutans and Anaplasma spp. sometimes occurs by means of other vector (e.g. flies) and even by needles. In this mode of transmission parasites are carried by the mouthparts of vectors from one host to another, just as if parasites are transmitted by infected hypodermic needles.
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Blood meal concentration in hard ticks is accomplished by salivary glands and excess fluid is reinjected into the host, a process during which transmission of pathogens occurs. In soft ticks however, coxal glands excrete excess fluid during feeding. During this process pathogens can also be excreted with the coxal fluid and infect the host. This is mainly the case in Borrelia duttonni transmitted by Ornithodoros moubata causing tick-borne relapsing fever and African swine fever transmitted by Ornithodoros porcinus porcinus (Kleiboeker et al., 1998).
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Some pathogens like Hepatozoon spp. are transmitted by ticks, but only when the hosts of the ticks eat them. In the case of Hepatozoon canis and the vector Rhicephalus sanguineus, the ticks are eaten during grooming (Shaw et al., 2001).
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Trans-ovarial and venereal transmission (infected male ticks transmit the infection during copulation to uninfected female ticks) of Crimean-Congo Haemorrhagic fever virus (CCHF) have been demonstrated amongst some vector species, indicating a mechanism which may contribute to maintaining the circulation of the virus in nature. However, the most important source for acquisition of the CCHF virus by ticks is believed to be infected small vertebrates on which immature Hyalomma ticks feed. Venereal transmission of the virus causing African swine fever can also take place between male and female Ornithodoros porcinus.
[bookmark: _GoBack]Venereal transmission occurs during transfer of the spermatophore produced by male ticks and anchored in the genital aperture of the female tick. The neck of the spermatophore is often seen protruding from the genital aperture of engorged female ticks collected from host animals.
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