Supplementary table S1: Primary vectors, secondary or possible vectors, transmission routes, host ranges and geographical distribution of protozoan and bacterial VBPs of dogs

	Type of pathogen
	Genera
	VBP species
	Primary vector
	Secondary vector
	Transmission routes
	Host range
	Geographical distribution
	Refs

	Protozoans
	Babesia
	B. vogeli
	Rhipicephalus sanguineus s.l.
	
	Tick bites, transplacental transmission, blood transfusion
	Domestic dogs and wild canids
	Africa,
Europe,
Americas,
Australia
	1,2

	
	
	B. rossi
	Haemaphysalis elliptica (in South Africa)
	Haemaphysalis leachi
	Tick bites, transplacental transmission and blood transfusions
	Domestic dogs, wild canids, humans
	South Africa
sub-Saharan Africa
	3-5

	
	
	B. canis
	Dermacentor reticulatus,

	Dermacentor marginatus, Rhipicephalus sanguineus
	Tick bites, transplacental transmission, blood transfusions, dog fights
	Dogs and other wild canids such as foxes and coyotes
	Mostly in Europe, but worldwide
	2,5

	
	
	B. gibsoni
	Haemaphysalis bispinosa
Rhipicephalus sanguineus,
	Haemaphysalis longicornis, 
Haemaphysalis bispinosa, 
Haemaphysalis hystricis, 
Ornithodoros moubata,
 Ixodes ricinus
	Tick bites, transplacental transmission and blood transfusions
	Domestic dogs
	Africa, Americas, Asia, Australia
	1,2,5

	
	
	B. vulpes
	
	Suspected vectors
Ixodes  hexagonus 
D. reticulatus
Ixodes canisuga
Ixodes ricinus
Rhipicephalus sanguineus s.l.
	Transovarial in ticks, blood transfusion, fights, and direct blood contact
	Wild canids and rarely in domestic dogs
	Europe, Asia, United States
	5

	
	Leishmania 
	L. infantum
	Phlebotomus,
Lutzomyia sandflies
	
	Social contact in dogs, Blood transfusions, vertical transmission
	Dogs
Humans
	Worldwide
	6,7

	
	
	L. donovani
	Phlebotomus argentipes 
sand flies
	
	Bites of phlebotomine sandflies
Possible vertical transmission in humans
	Dogs
	India, Sudan
	8,9

	
	Hepatozoon
	H. canis
	Rhipicephalus sanguineus group
	
	Horizontal
vertical
	Dogs
	Africa, Asia, South America, and Europe
	10-13

	
	
	H. americanum
	Amblyomma maculatum
	
	Ingestion of ticks infected with oocysts (primary), predation of infected paratenic hosts
	Dogs
	Unites States
	14

	
	Cytauxzoon
	C. felis
	Amblyomma americanum
	Dermacentor variabilis
	Tick bites
social contact, 
	Domestic cats, Bobcats
	Unites States
	

	Bacteria
	Rickettsia
	R. africae
	Amblyomma variegatum
Amblyomma hebraeum
	Amblyomma loculosum (in Oceania)
	Transovarial and transstadial
	Dogs, cattle, and humans (accidental hosts)
	sub-Saharan Africa. Oceania
	15,16

	
	
	R. massiliae
	Rhipicephalus sanguineus s.l.
	Rhipicephalus turanicus
	Tick bites, Transovarial and transstadial transmission in 
R. turanicus
	Dogs, humans
	Worldwide
	17

	
	
	R. rickettsii
	Dermacentor variabilis,
Dermacentor andersoni,
Amblyomma aureolatum, Amblyomma sculptum.
	Rhipicephalus sanguineus, Amblyomma imitator, Amblyomma americanum
	Transovarial and horizontal transmission in ticks during co-feeding
	Dogs, humans (accidental hosts)
	Americas
	16,18

	
	
	R. aeschlimannii
	Hyalomma marginatum
	Rhipicephalus turanicus
Haemaphysalis spp.
	Transovarial
	Dogs
	sub-Saharan Africa, Asia, and Europe
	19

	
	
	R. rhipicephali
	Rhipicephalus sanguineus group
	
	Transovarial
	Dogs
	Americas
	16

	
	
	R. conorii
	Rhipicephalus sanguineus s.l.
	Rhipicephalus simus, Haemaphysalis spp.
Rhipicephalus muhsamae
Hyalomma kumari
	Tick bites, transovarial transmission in ticks, co-feeding transmission in ticks
	Dogs, humans (accidental hosts)
	Parts of Europe, Africa, and Asia
	2

	
	
	R. felis
	Fleas Ctenocephalides felis, Ctenocephalides canis

	Rhipicephalus sanguineus
Culex pipiens pallens
	Vertical transmission (transovarial),
horizontal transmission, possibly through flea feces
	Dogs, humans, cats, possibly humans
	Africa, Europe, the Americas, Asia, Australia
	20,21

	
	
	R. asembonensis
	Ctenocephalides felis
	Mosquitoes (suspected)
	Vertical transmission in fleas
	Dogs, cats
	Americas, Asia, Africa
	20

	
	Borrelia
	B. burgdorferi
	Ixodes scapularis,
Ixodes pacificus
Ixodes muris
	
	
	Dogs, humans, White footed mice
	United States
	22

	
	
	B. afzelii
	Ixodes ricinus,
Ixodes hexagonus Ixodes persulcatus
	
	Tick bites to hosts, co-feeding transmission in ticks
	Rodents, humans, and domestic dogs as incidental hosts
	Europe, Asia
	22

	
	
	B. garinii
	Ixodes persulcatus (Eurasia)
Ixodes ricinus (Europe)
	
	Tick bites (primary),
transstadial transmission
	Birds, small mammals, and mice. Dogs and humans are incidental hosts
	Europe
	22

	
	Hemotrophic Mycoplasmas
	C. M. haematoparvum
	Ticks and fleas Rhipicephalus sanguineus (suspected) Ctenocephalides felis (suspected),
Pulex irritans

	
	Not fully understood, but vertical transmission in dogs, blood transfusion, aggressive interactions, and 
arthropod bites are suspected.

	Dogs, potentially in humans
	Worldwide
	23,24

	
	
	M. haemocanis
	Ticks and fleas Rhipicephalus sanguineus (suspected), Ctenocephalides felis (suspected),
Pulex irritans

	
	Not fully understood, but vertical transmission in cats, ticks, and flea bites, aggressive interactions & social contact, and blood transfusion are suspected
	Dogs
	Worldwide
	23,24

	
	
	C. M. turicensis
	Ctenocephalides felis
	Ixodes spp.
Rhipicephalus spp.
	Not fully understood but aggressive interactions, blood transfusion, and social grooming,
tick and flea bites
	Domestic cats, wild felids
	Worldwide
	25

	
	
	M. haemofelis
	Fleas
	
	Tick and flea bites (primary), vertical transmission, aggressive interactions, and social contact
	Cats, wild felids
	Worldwide
	26

	
	
	C. M. haemominutum
	Ctenocephalides felis
	
	Not fully understood, but flea bites (primary), vertical transmission, aggressive interactions, and social contact are suspected interactions
	Cats, wild felids
	
	26

	
	Anaplasma
	A. platys

	Rhipicephalus sanguineus s.l.
Rhipicephalus sanguineus s.s.
	Rhipicephalus camicasi (suspected)
	Transovarial and horizontal transmission, transstadial maintenance
	Dogs, cats, red deer, and humans
	Worldwide
	27

	
	
	A. phagocytophilum
	Ixodes scapularis,
Ixodes pacificus,
Ixodes ricinus,
Ixodes persulcatus
	
	Horizontal transmission,
Transstadial transmission in ticks
	Deer, rodents, bison, sheep, humans, and dogs are accidental hosts
	Europe,
North America
	2

	
	Ehrlichia
	E. canis
	Rhipicephalus sanguineus

	Haemaphysalis longicornis (in east Asia)
	Transstadial
	Dogs, other canids, and humans
	
	28,29

	
	
	E. ewingii
	Amblyomma americanum
	
	Blood transfusion
	Dogs, white tailed deer, humans, goats
	United States in areas where A. americanum is expanding its range
	18

	
	
	E. chaffeensis
	Amblyomma americanum,
Dermacentor variabilis
	
	
	White tailed deer, Humans, Domestic dogs, raccoons, and coyotes
	Southern United States, Mid-west and along the eastern seaboard, New England, Europe, Africa
	2

	
	
	E. muris
	Ixodes scapularis, Ixodes persulcatus
	Ixodes cookei
	
	Dogs, Mice, White footed mice, and humans as accidental hosts
	Japan, United States (E. muris subsp. eauclairensis), and Europe
	30

	
	Bartonella
	B. henselae
	Ctenocephalides felis
	Ixodes ricinus, Rhipicephalus sanguineus
	
	Dogs, coyotes, cats, and humans as accidental hosts
	Worldwide 
	21,31

	
	
	B. vinsonii berkhoffii
	Rhipicephalus sanguineus,
Pulex spp.
	
	Tick bites, Mechanical transmission such as during fighting and scratching
	Dogs and other wild canids, cats, and humans (accidental hosts)
	Worldwide
	32

	
	Yersinia
	Y. pestis
	Oriental rat flea (Xenopsylla cheopis)
	Other flea species have been implicated, including Pulex irritans, Ctenocephalides felis and Oropsylla montana
	
	Dogs, cats, rats, prairie dogs, and occasionally other large mammals
	Africa, The Americas, Asia 
	33

	
	Francisella
	F. tularensis
	Dermacentor variabilis,
 Deer flies (Chrysops discalis), Aedes sticticus, Aedes vexans, and Aedes punctor
	Dermacentor andersoni,
Dermacentor occidentalis,
Dermacentor reticulatus,
Ixodes ricinus,
Amblyomma americanum,
Horse flies
	Direct contact, Transstadial transmission in mosquitoes, aerosolized bacteria, ingestion of contaminated food or water
	Rodents, lagomorphs, dogs, and humans (accidental hosts)
	North America,
Europe
	34,35
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