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Unravelling	the	Causes	of	Respiratory	Disease	in	the	
Working	Horses	of	Ethiopia.			

	 	
Worldwide,	 respiratory	 disease	 is	 an	 important	 contributor	 to	 loss	 in	 equine	 industries,	
limiting	 performance	 and	 disrupting	work	 schedules.	 In	 Ethiopia,	 respiratory	 disease	 is	 a	
frequent	finding	in	horses	presenting	to	veterinary	clinics;	coughing	and	nasal	discharge	has	
been	 identified	 as	 a	 priority	 concern	 for	 users	 of	 working	 horses.	 Despite	 the	
interdependency	 between	 human	 and	 equid	 health	 in	 low	 income	 settings,	 and	 the	 fact	
that	80%	of	all	global	equids	reside	 in	developing	nations,	there	 is	 little	existing	 literature	
for	this	group.	This	thesis	aims	to	build	understanding	of	disease	epidemiology	and	begin	to	
unravel	 the	 causes	 of	 respiratory	 disease	 in	 the	working	 horses	 of	 Ethiopia,	 contributing	
new	research	to	help	 inform	disease	reduction	strategies	 in	 the	 future,	 for	 the	benefit	of	
equine	health	and	human	wellbeing.	
	 	
An	 initial	 participatory	 appraisal	 (February-March	 2013)	 involved	 focus	 group	 discussions	
with	170	equid	users.	It	explored	local	experience	of	respiratory	disease,	documenting	the	
variety	of	signs	(n=21)	and	syndromes	(n=44)	people	recognised	in	their	animals.	The	most	
common	signs	 represented	were	 coughing,	 altered	 respiration,	bilateral	mucopurulent	or	
serous	nasal	discharge	and	epistaxis.	Thematic	analysis	of	participants’	 ideas	on	aetiology	
of	 disease,	 and	 what	 action	 could	 be	 taken	 to	 treat	 or	 prevent,	 revealed	 concepts	 of	
communicable	diseases	and	disease	caused	by,	and	 responding	 to,	management	changes	
or	environmental	conditions.		
	
Subsequently,	 a	 cross-sectional	 survey	 (August-December	 2013)	 of	 350	 horses	 across	 19	
sites	was	conducted	to	determine	the	prevalence	of	both	respiratory	signs	and	exposure	to	
major	respiratory	pathogens.	The	majority	of	horses	examined	were	carthorses,	with	over	a	
third	 reporting	 recent	 coughing	 and	 around	 ten	 per	 cent	with	 an	 active	 nasal	 discharge.	
Antibodies	 towards	 Streptococcus	 equi	 subspecies	equi,	 the	 causative	 agent	 of	 strangles,	
were	 the	 most	 prevalent,	 with	 8%	 of	 animals	 showing	 prior	 exposure.	 Prevalence	 of	
antibodies	 to	 alpha-herpesviruses,	 picornaviruses,	 arteritis	 virus	 was	 uncommon	 and	
antibodies	to	influenza	were	not	detected.		
	
Finally	108	horses	with	 respiratory	disease	 (coughing,	nasal	discharge	or	dyspnoea)	were	
fully	 examined	using	 endoscopy,	 alongside	93	unmatched	 and	 randomly	 selected	 control	
horses	 (September	–December	2014).	Horses	presenting	with	 respiratory	 signs	often	had	
evidence	 of	 lower	 airway	 disease	 with	 significantly	 increased	 tracheal	 mucus	 and	
neutrophilia	 compared	 to	 control	 horses.	 S	 equi,	 equine	 herpesvirus	 4	 and	 equine	
picornaviruses	in	the	lower	respiratory	tract	were	detected	occasionally,	but	showed	little	
association	 with	 clinical	 signs.	 Equine	 influenza	 virus,	 arteritis	 virus	 or	Mycoplasma	 spp	
were	not	detected.	However,	gamma-herepsviruses	 (EHV-2/-5)	were	 found	often	but	not	
significantly	 associated	 with	 cases.	 Streptococcus	 equi	 subspecies	 zooepidemicus	 was	
significantly	 associated	 with	 case	 horses.	 Whether	 this	 is	 as	 a	 primary	 pathogen	 or	
secondary	 coloniser	 could	 not	 be	 established	 in	 this	 study.	 Young	 and	 old	 horses	 were	
found	to	be	at	higher	risk	for	disease,	as	were	horses	performing	strenuous	work,	drinking	
from	stagnant	water	sources,	and	those	housed	on	a	cobbled	floor.	
	
Findings	 suggest	 that	 respiratory	 disease	 in	 this	 population	 is	 multifactorial	 but	 that	
endemic	S	equi	is	likely	a	significant	contributor	and	S	zooepidemicus	also	appears	to	play	a	
role.	
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1.1. Introduction	to	Ethiopia,	working	equids	and	respiratory	disease	

	

Equids	have	long	been	beasts	of	burden	for	humans:	from	infantry	to	sport,	they	continue	

to	hold	a	presence	 in	modern	society.	The	 term	 ‘working	equids’	 in	 the	developed	world	

now	largely	applies	only	to	sports	horses.	Elsewhere,	equids	play	a	vital	role	in	supporting	

people	 in	some	of	the	 least	developed	countries,	relieving	workloads,	providing	transport	

and	offering	means	of	income	generation	(Admassu	and	Shiferaw,	2011).		

	

It	 is	estimated	 that	 the	global	population	of	horses,	mules	and	donkeys	 is	125	million,	of	

which	nearly	80%	are	found	in	developing	nations	(FAOSTAT,	2014).	Despite	this,	the	vast	

majority	of	literature	on	equine	health	is	from	populations	of	sport	and	pleasure	horses	in	

the	 developed	world.	Working	 equids	 in	 low	 income	 settings	 are	 also	 frequently	missing	

from	national	agricultural	policy,	and	their	contribution	in	society	chronically	under-valued	

(Pritchard,	 2010).	 Recently	 there	 have	 been	 efforts	 to	 provide	 evidence	 of	 the	

socioeconomic	 value	 of	 working	 equids	 (Asmamaw	 et	 al.,	 2014;	 Compston,	 2014)	 and	

efforts	to	identify	knowledge	gaps	for	the	diseases	in	this	population	(Stringer	et	al.,	2015).	

Additionally	 the	 World	 Animal	 Health	 Organisation	 (OIE)	 has	 recently	 established	 a	

working-group	 on	 working	 animal	 welfare	 and	 acknowledges	 that	 this	 has	 been	 an	

unfortunate	omission	from	guidelines	thus	far	(OIE,	2014)(OIE	meeting	notes).		

	

Known	 for	 its	 coffee	 and	 long	 distance	 runners,	 Ethiopia	 is	 a	 land-locked	 country	 in	 the	

Horn	of	Africa	with	a	growing	population	of	nearly	100	million	in	2015	(“World	Bank	Open	

Data,”	 2015).	 Ethiopia	 has	 the	 fastest	 growing	 economy	 in	 Africa,	 with	 recent	 annual	

expansion	figures	of	around	10%,	and	around	half	of	GDP	linked	to	agriculture.	However,	it	

is	still	listed	as	one	of	the	United	Nations	Least	Developed	Countries	in	the	world.		

	

It	 is	 a	 country	with	diverse	 climatic	 regions:	 the	Great	Rift	Valley	 running	north	 to	 south	

(believed	 to	 be	 the	 cradle	 of	 humanity),	 surrounded	 by	 high	 plateaus	 and	 the	 Simian	

mountains.	 The	 terrain	 drops	 down	 through	 fertile	midlands	 into	 harsh	 desert	 lowlands,	

even	 falling	 below	 sea	 level	 at	 the	 Danakil	 Depression.	 Generally	 there	 is	 a	 single	 wet	

season,	 with	 rain	 falling	 between	 May	 and	 October,	 and	 some	 areas	 experiencing	

additional	 short	 rains	 in	April.	Drought	 is	a	continuing	vulnerability	 in	many	areas	 (Figure	

1.1),	 especially	 those	 reliant	on	agriculture,	with	poor	 rains	 in	 2016	having	 a	devastating	

effect	on	some	crops	and	livestock	(Leithead,	2016).		
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Ethiopia	 is	being	physically	transformed	by	an	 infrastructure	boom,	with	expanding	cities,	

growing	 urbanisation	 and	 large	 foreign	 investment	 in	 road	 and	 rail	 transport.	 However,	

despite	 this	modernisation	 the	 working	 equid	 population	 has	 not	 seen	 a	 decline	 as	 one	

might	 expect	 (FAOSTAT,	 2014).	 Working	 equid	 numbers	 have	 grown	 steadily	 since	 the	

millennium,	with	the	majority	of	agricultural	traction	power	still	provided	by	animals.	

	

The	 demographics	 in	 Ethiopia	 are	 in	 contrast	 to	 the	 ageing	 populations	 in	 the	 western	

world,	with	52	per	cent	of	Ethiopians	under	the	age	of	18,	and	a	life	expectancy	just	below	

seventy	 (Central	 Statistics	Agency	of	Ethiopia,	2015).	 Literacy	 rates	have	been	 improving,	

with	 47-63%	 of	 15-24	 year-olds	 considered	 literate	 (UNICEF,	 2015).	 Ethiopia	 has	 had	

Source:	Ministry	of	Agriculuture	and	USAID,	An	Atlas	of	Ethiopian	Livelihoods,	2010	
		

Source:	Atlas	of	Ethiopia	Rural	Economy,	2012	
		

Figure	1.1:	(a)	The	most	important	hazards	as	perceived	by	rural	Ethiopia	households	

highlighting	the	large	area	vulnerable	to	changes	in	rainfall;	(b)	Map	showing	number	of	

growing	days	per	year	across	Ethiopia.		

	

(b)	

(a)	
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success	 addressing	 several	 of	 the	 millennium	 development	 goals,	 one	 being	 universal	

primary	education.	Current	enrolment	 in	Grade	1	primary	 school	 stands	at	over	80%	but	

unfortunately	 there	 are	 dropout	 rates	 of	 nearly	 50%	 after	 Grade	 2.	 Dropouts	 are	 for	

multiple	reasons	but	children	from	low	income	households	are	especially	prone	(Tobergte	

and	Curtis,	2012).	Nutrition	is	another	area	of	human	health	that	can	be	linked	directly	with	

household	 income.	 There	 are	 improving	 trends	 around	malnutrition	 in	 children	 but	 40%	

still	suffer	stunted	growth	and	cognitive	development	at	five	years	of	age,	causing	serious	

long	term	consequences(“Global	Database	on	Child	Growth	and	Nutrition:	Ethiopia,”	2015).		

	

The	capital	city	Addis	Ababa	has	 the	country’s	oldest	University,	established	 in	1950.	The	

College	 of	 Veterinary	 Medicine	 and	 Agriculture	 (CVMA)	 is	 located	 approximately	 50km	

southeast	 of	 the	 main	 campus	 in	 Debre	 Zeit,	 where	 there	 has	 been	 close	 collaboration	

between	the	college	and	 international	non-governmental	organisations	to	provide	equine	

veterinary	services.	The	Society	for	the	Protection	of	Animals	Abroad	(SPANA)	 is	based	at	

the	 CVMA	 and	 contributes	 to	 regular	 clinics	 at	 the	 hospital	 and	 in	 the	 field.	 Vets	 and	

trained	paraprofessionals	 (Animal	Health	Workers,	AHW)	offer	 free	veterinary	advice	and	

treatment,	 with	 the	 ability	 to	 accept	 some	 in-patients.	 They	 also	 provide	 lectures	 and	

practical	teaching	on	equine	modules	to	the	veterinary	undergraduates.		

	

Ethiopia	 has	 the	 largest	 equine	 population	 in	 Africa,	 with	 ten	 times	 as	many	 equids	 per	

capita	 as	 the	 UK	 (FAOSTAT,	 2014).	 Nine	million	working	 equids	 perform	 labour-relieving	

tasks	such	as	carriage	of	water	and	firewood.		This	has	a	profound	impact	on	the	daily	lives	

of	women,	 improving	 their	 quality	 of	 life	 and	 allowing	 them	more	 time	 to	 care	 for	 their	

children	 (Valette,	 2014).	 Horses,	mules	 and	 donkeys	 also	 transport	 people	 and	 goods	 to	

market,	 allowing	 farmers	 to	 sell	 their	 produce	 and	 shoppers	 to	 carry	 home	weekly	 food	

supplies.	Equids	can	provide	direct	income	generation,	through	hire	arrangements	by	cart	

owners	 or	 drivers,	 or	 in	 use	 on	 agricultural	 tasks.	 The	 strong	 dependency	 of	 humans	 on	

their	equids	for	income	generation,	in	contrast	to	livestock,	means	that	owners	can	quickly	

lose	capital	and	face	financial	insecurity	if	their	animal	becomes	ill	(Admassu	and	Shiferaw,	

2011).		

	

Over	 two	million	 horses	 in	 Ethiopia	 are	 used	 predominantly	 to	 pull	 carts	with	 people	 or	

materials	 (Curran	 and	 Smith,	 2005a).	 The	 ‘gharry’	 carthorse	 taxis	 are	 a	 common	 sight	 in	

towns	 and	 cities	 outside	 the	 capital.	 In	 rural	 areas	 they	 are	 often	 used	 as	 packhorses	 or	
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riding	 animals,	 and	 occasionally	 for	 wedding	 ceremonies	 or	 tourism.	 Frequently	 banned	

from	use	on	the	major	tarmac-surfaced	roads	through	towns,	there	will	nevertheless	be	a	

network	of	 cart	 taxi	 routes	 throughout	 the	area,	with	parking	 ‘lots’	 for	visiting	equids	on	

market	days	(Figure	1.2).	

	

	

Throughout	 Ethiopia	horses	pull	 similarly	 designed	 two-wheeled	 carts,	making	use	of	 car	

tyres	 and	 fitted	 with	 steel	 elliptical	 suspension	 mechanisms.	 In	 the	 author’s	 experience	

these	 are	 often	 heavy	 and	 poorly	 balanced,	 and	 frequently	 missing	 swingle	 tree	

attachments.	 These	 design	 flaws	 unfortunately	 reduce	 the	 efficiency	 of	 animal	 draught	

power	 (Geza,	1999).	Horses	are	almost	exclusively	driven	with	a	breast-collar	 rather	 than	

neck-collar	 harness.	 These	 tend	 to	 be	 made	 from	 strips	 of	 old	 rubber	 tyres	 or	 nylon	

strapping,	often	poorly	fitted	and	incorrectly	positioned.	Several	studies	have	documented	

the	 high	 prevalence	 of	 harness-related	 wounds	 alongside	 those	 suffered	 through	 poor	

handling	or	restraint	(Biffa	and	Woldemeskel,	2006;	Mulate	and	Nazir,	2016).		

	

Co-morbidity	and	physical	impairments	are	prevalent	in	these	horses	(Amante	et	al.,	2014;	

Getachew	et	al.,	2014;	Mulualem	Teshome,	2012;	Scantlebury	et	al.,	2012;	Shelima	et	al.,	

Figure	1.2:	“Gharry”	carthorse	‘car	park’	at	Debre	Zeit	on	market	day,	showing	typical	
two-wheeled	cart	design.	
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2006;	 Tsegay	 et	 al.,	 2016).	 Lameness	 and	 hoof	 problems	 are	 common	 (Daneil	 and	 Asefa	

Asmare,	2013)	and	often	 linked	with	poor	 farriery.	 Farriers	make	use	of	old	 tyres,	with	a	

single	disc	fitted	to	the	hoof	and	nailed	into	position	without	guide-holes.	Alongside	issues	

arising	from	poor	harnessing	or	foot	care,	gastrointestinal	parasitism	is	widespread	at	25%	

in	 one	 study,	 but	 is	 not	 directly	 linked	 with	 body	 condition	 score	 (Amante	 et	 al.,	 2014;	

Getachew	 et	 al.,	 2008).	 Another	 prominent	 disease	 affecting	 around	 20%	 of	 Ethiopian	

working	 horses	 is	 Epizootic	 Lymphangitis,	 presenting	 with	 sometimes	 dramatic	 and	

characteristic	 lymphatic	 lesions	 that	 can	be	ultimately	 fatal	 (Ameni,	 2006;	 Scantlebury	 et	

al.,	2015).		

	

This	thesis	focuses	on	respiratory	disease	for	a	number	of	reasons.	SPANA	staff	record	data	

on	 all	 cases	 seen	 at	 clinics	 including	 those	 attending	 the	 annual	 deworming	 call	 and	

government	 funded	 free-vaccination	 campaign	 for	 African	 Horse	 Sickness.	 These	 data	

suggest	 that	 respiratory	 disease	 accounts	 for	 up	 to	 15%	of	 all	 animals	 seen	 by	 the	 clinic	

staff,	 with	 a	 peak	 at	 the	 end	 of	 the	 long	 rains	 (2007-2012;	 SPANA,	 unpublished	 data).	

Respiratory	cases	were	documented	across	all	SPANA	clinic	sites	and	averaged	(mean)	7.6%	

of	all	horses	seen	by	SPANA	staff	over	this	five-year	period.		

	

Reports	from	other	clinical	services	in	Ethiopia	appear	to	be	in	agreement,	with	recording	

of	 respiratory	 disease	 as	 a	 clinic	 diagnosis	 accounting	 for	 between	 13	 and	 22%	 of	 all	

animals	seen	(Amante	et	al.,	2014;	Daneil	and	Asefa	Asmare,	2013;	Shelima	et	al.,	2006).	

	

Furthermore	 in	 previous	 participatory	 studies	 into	 the	 health	 constraints	 facing	 working	

equids,	 coughing	 and	 nasal	 discharge	 featured	 prominently	 in	 discussions.	 Owners	

reported	respiratory	disease	as	the	second	most	important	constraint	for	their	cart	horses	

in	Shelima	et	al.	 (2006);	coughing	and	nasal	discharge	were	the	most	commonly	reported	

disease	signs	in	Stringer	et	al.	(2016),	and	Scantlebury	et	al.	(2015)	reported	owners	ranking	

respiratory	disease	in	the	top	four	health	complaints	for	their	horses.	From	these	studies’	

discussions	 it	 was	 also	 clear	 that	 donkey	 and	 horse	 populations	 were	 quite	 different	 in	

terms	of	their	management,	geographical	location	and	health	problems.		

	

Respiratory	 disease	 in	 horses	 is	 a	 leading	 cause	 of	 loss	 in	 equine	 industries	 worldwide	

(Bailey	et	al.,	1997;	Wilsher	et	al.,	2006).	It	commonly	leads	to	high	morbidity	and	remains	

an	important	focus	in	maximising	the	performance	and	days	in	work	for	athletic	animals.		It	
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can	be	argued	that	working	horses,	although	not	sharing	a	similar	physique,	could	be	also	

considered	performance	animals.	Little	 literature	exists	as	to	the	work	demands	on	these	

Ethiopian	 horses,	 but	 there	 is	 likely	 a	 diverse	 profile	 of	 work	 performed,	 making	 direct	

comparison	 to	particular	equine	populations	such	as	 racing	or	endurance	horses	difficult.	

Here	 follows	 a	 review	 of	 literature	 on	 the	 common	 aetiologies	 for	 equine	 respiratory	

disease,	 in	 particular	 those	with	 signs	 of	 coughing	 or	 nasal	 discharge	 or	 those	 impacting	

performance	and	work	ability.		
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Causes	of	equine	respiratory	disease	-	A	review	of	the	literature	

	

1.2. Non-infectious	respiratory	diseases:	Equine	asthma	

It	has	recently	been	suggested	that	non-infectious	respiratory	disease	of	the	lower	airways	

should	be	 referred	 to	as	 ‘Equine	Asthma’	due	 to	 its	 similarities	 to	 the	disease	 in	humans	

(Bullone	 and	 Lavoie,	 2015;	 Leclere	 et	 al.,	 2011;	 Pirie	 et	 al.,	 2016).	 This	 term	 should	

incorporate	 a	 range	 of	 equine	 conditions	 with	 increased	 mucus	 in	 airways,	 chronic	

coughing	and	airway	hyper-responsiveness	(Derksen	et	al.,	1985;	Rosendal	et	al.,	1987).	It	

has	 been	 proposed	 that	 Inflammatory	 airway	 disease	 (IAD)	 should	 be	 considered	 at	 the	

mild	end	of	the	spectrum	that	is	equine	asthma,	with	recurrent	airway	obstruction	(RAO)	at	

the	 severe	 end	 of	 asthmatic	 diseases	 (Pirie	 et	 al.,	 2016).	 Animals	 suffering	 a	 mild	

phenotype	of	equine	asthma	may	or	may	not	progress	to	more	severe	phenotypes	later	in	

life	(Bosshard	and	Gerber,	2014).	

	

1.2.1. 	Severe	Equine	Asthma	(previously	recurrent	airway	obstruction	or	RAO)	

Severe	 equine	 asthma	 is	 a	 condition	mostly	 affecting	 horses	 greater	 than	 seven	 years	 of	

age	 (Hotchkiss	 et	 al.,	 2007),	 and	 is	 characterised	 by	 its	 recurrent	 nature	 and	 increased	

respiratory	 effort	 at	 rest.	 Previously	 also	 called	 ‘chronic	 obstructive	 pulmonary	 disease’	

(COPD)	or	known	colloquially	as	 ‘heaves’	or	 ‘broken	wind’,	susceptible	horses	suffer	signs	

following	exposure	to	inhaled	allergens.			

	

Thought	to	involve	a	type-1	hypersensitivity	reaction	to	moulds	and	endotoxins	(Derksen	et	

al.,	1985)	similar	to	asthma	in	humans,	the	exact	aetiological	pathway	has	not	been	proven.		

There	 is	 conflicting	 evidence	 on	 mould-specific	 immunoglobulin-E	 (IgE),	 sometimes	

occurring	 in	 disease	 episodes	 (Derksen	 et	 al.,	 1985),	 but	 not	 found	 in	 other	 studies	

(Schmallenbach	et	al.,	1998;	Tahon	et	al.,	2009).	A	genetic	component	in	susceptibility	and	

development	of	this	phentoype	(Marti	et	al.,	1991;	Ramseyer	et	al.,	2007)	has	been	shown	

in	 familial	 studies	and	an	association	with	 certain	breeds,	but	 the	 inheritance	pathway	 is	

complex	 (Gerber	 et	 al.,	 2008;	 Shakhsi-Niaei	 et	 al.,	 2012;	Widmer	 et	 al.,	 2009).	 Published	

studies	 are	 inconsistent	 regarding	 the	 immunological	 pathways	 in	 severe	equine	asthma,	

with	 levels	 of	 cytokines	 during	 illness	 indicating	 both	 a	 Th-1	 and	 Th-2	 immunological	

response	 (Klukowska-Rötzler	 et	 al.,	 2012).	 Cytokine	 pathways	 have	 been	 demonstrated	

activated	alone,	together	(Giguere	et	al.,	2002;	Horohov	et	al.,	2005),	or	not	at	all	(Kleiber	
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et	al.,	2005),	and	may	be	influenced	by	the	allergen	present	(Pirie,	2014).	There	may	be	an	

effect	 from	 duration	 of	 exposure	 to	 allergens,	 variation	 in	 diagnostic	 approaches,	

confounding	 results	 or	 a	 delayed	 response	 to	 challenge	 (Lanz	 et	 al.,	 2013;	 Pirie	 et	 al.,	

2003b).	The	rapid	neutrophilia	 found	 in	sufferers	may	not	only	be	the	result	of	 increased	

recruitment	 (Fairbairn	 et	 al.,	 1993;	 Marr	 et	 al.,	 2002,	 1997)	 but	 also	 a	 reduction	 in	

apoptosis	(Bureau	et	al.,	2000;	Niedzwiedz	et	al.,	2014).	

	

The	resultant	affected	airways	become	inflamed	with	increased	smooth	muscle	resistance	

and	hypertrophy	and	possible	alveolar	fibrosis	contributing	to	poor	lung	function	(Setlakwe	

et	 al.,	 2014).	 These	 pathological	 changes	 in	 the	 airways	 of	 asthmatic	 horses	 lead	 to	 a	

reduction	 in	 airway	 diameter	 and	 bronchospasm	 (Kaup	 et	 al.,	 1990a).	 Increased	 mucus	

production	 in	 airways	 can	 also	 impair	 gas	 exchange	 through	 mucus	 plugging	 of	 airways	

(Nyman	et	al.,	1991).	Reduced	mucociliary	clearance	can	also	contribute	to	mucus	plugging	

as	mucus	viscosity	is	increased	and	ciliated	epithelial	cells	are	lost	in	larger	airways	during	

disease	 (Kaup	 et	 al.,	 1990b).	 Systemic	 changes	 such	 as	 increased	 pulmonary	 arterial	

pressure,	 increased	strain	on	the	right	side	of	the	heart,	 increased	circulating	cortisol	and	

other	 inflammatory	 markers	 have	 been	 reported	 (Johansson	 et	 al.,	 2007;	 Shaba	 et	 al.,	

2014).	 Neutrophilia	 in	 response	 to	 inhalation	 of	 aerolised	 endotoxins	 is	 a	 normal	

physiological	 response	 in	 healthy	 animals,	 but	 in	 RAO	 there	 is	 an	 additional	 associated	

increase	in	mucus	production.		

	

The	 resulting	 signs	 of	 RAO	 have	 been	 successfully	 monitored	 by	 owners	 using	 clinical	

scoring	systems	(Hotchkiss	et	al.,	2006;	Laumen	et	al.,	2010;	A.	J.	Wasko	et	al.,	2011).	This	is	

principally	 based	 on	 a	 clinical	 history	 and	 identification	 of	 cough,	 nostril	 flare	 and	

abdominal	 lift	 during	 ventilation.	 Suitable	 for	 moderate	 to	 severe	 RAO,	 it	 may	 be	

insensitive	to	 low-grade	disease	or	horses	 in	remission.	 Increased	respiratory	effort	tends	

to	be	a	feature	during	expiration,	but	can	also	occur	on	inspiration	in	severe	cases.	Affected	

horses	will	also	have	exercise	 intolerance	and	may	show	a	mucopurulent	nasal	discharge.	

However	nasal	discharge	is	an	inconsistent	sign,	likely	due	to	the	potential	for	mucus	to	be	

swallowed	as	it	emerges	from	the	lower	respiratory	tract	(LRT).		Long	standing,	severe	RAO	

can	 result	 in	 a	 systemically	 unwell	 animal	 with	 the	 increased	 work	 required	 to	 breathe	

equivalent	 to	12	hours	 trot	work	everyday	 (Mazan	et	al.,	2004).	 Severely	affected	horses	

can	also	have	difficulties	feeding,	potentially	leading	to	weight	loss.	
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Control	of	exposure	to	allergens	and	improved	air	hygiene	can	resolve	clinical	signs	of	mild	

asthma	completely	and	lead	to	full	restoration	of	lung	function	in	a	matter	of	days	(Couëtil	

et	al.,	2005;	Jackson	et	al.,	2000;	Vandenput	et	al.,	1998).	In	more	chronic	cases,	there	may	

be	persistent	low-grade	inflammation	(Holcombe	et	al.,	2006)	or	reduced	lung	function	due	

to	remodelling	in	the	lower	airways	(Art	et	al.,	1998).	In	addition	to	environmental	controls	

to	 reduce	 allergen	 exposure,	 therapeutics	 such	 as	 bronchodilators	 or	 corticosteroid	

treatment	can	help	to	improve	lung	function.		

	

Diagnosis	 is	 based	 on	 clinical	 history,	 thoracic	 auscultation	 at	 rest,	 and	 endoscopy	 for	

tracheal	 mucus	 and	 cytological	 sampling	 (Gerber	 et	 al.,	 2004b).	 Endoscopy	 of	 the	 LRT	

allows	 a	 sample	 of	 respiratory	 secretions	 to	 be	 collected	 for	 cytological	 examination.	

Samples	from	the	bronchoalveolar	region	are	preferential	 to	secretions	from	the	tracheal	

sump,	as	they	are	subject	to	fewer	variations	and	more	representative	of	the	most	affected	

lung	tissues	(Bedenice	et	al.,	2008;	Malikides	et	al.,	2003).	It	is	not	possible	to	differentiate	

the	 various	 forms	 of	 equine	 asthma	 from	 cytology	 alone.	 Recurrent	 airway	 obstruction	

tends	 to	 show	 a	 greater	 dominance	 of	 neutrophils	 (up	 to	 100%),	 although	 there	 is	 no	

association	between	the	strength	of	neutrophilia	and	severity	of	clinical	signs	(Cian	et	al.,	

2015).	

	

Numerous	studies	have	reported	the	different	sources	of	inhaled	allergens	responsible	for	

triggering	disease	in	RAO	susceptible	horses.	Housing,	bedding	and	feed	(especially	forage)	

are	 most	 commonly	 implicated	 (Ramseyer	 et	 al.,	 2007;	Woods	 et	 al.,	 1993).	 A	 seasonal	

variation	is	also	present	but	likely	associated	with	stabling	of	horses	in	the	winter	months	

and	the	resulting	change	in	environment	(Couëtil	and	Ward,	2003).	An	urban	environment,	

breed	type	and	age	have	all	also	been	identified	as	risk	factors,	with	increasing	age	leading	

to	higher	risk	of	disease	(Couëtil	and	Ward,	2003;	Hotchkiss	et	al.,	2007).		

The	use	of	mouldy	hay	to	challenge	horses	may	help	with	diagnosis,	with	the	subsequent	

removal	of	the	allergen	leading	to	rapid	improvement	in	a	matter	of	days,	and	continuing	

resolution	 over	 the	 following	weeks	 (Pirie	 et	 al.,	 2003a).	 Particulates	 from	bedding,	 feed	

stuff	 and	 environmental	 dust	 has	 been	 shown	 to	 contain	 high	 levels	 of	 fungal	 spores,	

bacterial	 endotoxins,	 multiple	 mould	 species,	 proteases,	 forage	 mites,	 and	 organic	 and	

inorganic	 debris	 (Clements	 and	 Pirie,	 2007a;	 Séguin	 et	 al.,	 2012;	Whittaker	 et	 al.,	 2009).	

There	 can	 be	 individual	 horse	 variation	 in	 inflammatory	 response	 to	 different	 types	 of	



CHAPTER	1																	
	
11	

allergen,	or	exposure	to	differing	concentration	of	aerolised	particulates.	RAO	horses	may	

also	be	more	sensitive	to	dry	or	cold	atmospheres	(Derksen	et	al.,	1985).		

	

Summer	 pasture	 associated	 equine	 asthma	 (previously	 summer	 pasture	 associated	

recurrent	 airway	 obstruction)	 shares	 many	 similarities	 with	 severe	 equine	 asthma	 but	

differs	 in	 that	 it	 affects	horses	at	pasture	 in	 response	 to	environmental	pollens	or	 fungal	

spores	 (Lavoie,	 2007).	 There	 may	 potentially	 be	 a	 role	 for	 climatic	 conditions	 in	 the	

incidence	and	severity	of	disease,	or	aerolised	allergen	concentrations,	with	an	 increased	

risk	in	hot	humid	climates	(Bullone	et	al.,	2015).	

	

	

1.2.2. Mild	to	moderate	equine	asthma	(previously	inflammatory	airway	disease	or	IAD)	

Inflammatory	airway	disease	is	at	the	mild	end	of	the	spectrum	that	is	Equine	Asthma,	and	

may	even	exist	as	a	subclinical	condition.	Signs	are	very	similar	to	those	of	other	conditions	

on	 the	 asthmatic	 spectrum,	making	mild	 asthma	 a	 diagnosis	 of	 exclusion	 and	 unsuitable	

candidate	for	owner	assessment	only	(Laumen	et	al.,	2010;	A.	J.	Wasko	et	al.,	2011).	Mild	

asthma	 can	 affect	 animals	 of	 any	 age	 (Christley	 et	 al.,	 2001b;	 Holcombe	 et	 al.,	 2006;	

Koblinger	et	al.,	2011;	Widmer	et	al.,	2009)	 lasting	over	 three	weeks	and	 leading	 to	poor	

performance	 (Bedenice	 et	 al.,	 2008),	 increased	 tracheal	 mucus	 (Cardwell	 et	 al.,	 2011b;	

Gerber	 et	 al.,	 2004a),	 airway	 inflammation	 and	 hyper-responsiveness.	 Subtle	 signs	 of	

disease	at	rest	may	include	an	occasional	cough	or	more	frequent	coughing	during	exercise.	

There	may	or	may	not	be	a	mucopurulent	nasal	discharge	or	detectable	abnormalities	on	

thoracic	auscultation	(Lavoie	et	al.,	2011;	Nogradi	et	al.,	2015).	Duration	of	signs	can	vary	

between	 different	 horse	 populations,	 with	 a	 shorter	 3-9	 week	 period	 of	 observed	 in	

racehorses	but	 longer	 lasting	signs	(months	to	years)	observed	 in	non-racehorses	(Couëtil	

et	al.,	2000).	

	

Airway	 inflammation	 can	 have	 variable	 cytology	 profiles	which	 commonly	 include	 a	mild	

neutrophilia,	 eosinophilia	 or	 mastocytosis	 (Depecker	 et	 al.,	 2014;	 Fogarty	 and	 Buckley,	

1991;	Leclere	et	al.,	2010;	Moore	et	al.,	1995).	Variations	in	cytological	findings	may	also	be	

linked	to	differences	in	presentation,	although	more	evidence	is	needed	for	this.	Previous	

studies	have	found	coughing	and	increased	mucus	more	common	in	neutrophil-dominated	

inflammatory	responses	(Bedenice	et	al.,	2008;	Koblinger	et	al.,	2011;	Ryhner	et	al.,	2008)	

and	 eosinophilic	 responses	 in	 younger	 horses	 (Hare	 and	 Viel,	 1998;	 Ivester	 et	 al.,	 2014;	
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Lavoie	 et	 al.,	 2011).	 These	 eosinophilic	 IAD	 horses	 may	 also	 have	 increased	 systemic	

eosinophils	not	associated	with	parasitism	(Riihimäki	et	al.,	2008).		

	

There	 is	 some	 evidence	 that	 mildly	 asthmatic	 horses	 can	 also	 have	 greater	 bacterial	

numbers	 in	the	 lower	respiratory	tract,	although	a	primary	or	secondary	role	 for	bacteria	

associated	 with	 increased	 mucus	 here	 is	 unclear	 (Cardwell	 et	 al.,	 2014;	 Christley	 et	 al.,	

2001a).	 There	 has	 also	 been	 reported	 a	 possible	 role	 for	 equine	 herpesvirus-2	 in	 long-

lasting	airway	inflammation,	where	infection	with	EHV-2	was	found	to	be	more	prevalent	in	

asthmatic	horses	(Fortier	et	al.,	2009).	

	

Mild	to	moderate	asthma	may	lead	to	changes	in	lung	function	that	may	not	be	apparent	at	

rest.	 However,	 these	 changes	 will	 affect	 gas	 exchange	 during	 exercise,	 especially	 during	

strenuous	exercise	(Couëtil	and	Denicola,	1999).	These	changes	are	best	detected	during	or	

after	exercise	 (Couëtil	and	Denicola,	1999;	Evans	et	al.,	2011),	on	 rebreathing	 (Pirrone	et	

al.,	 2007),	 or	 with	 sensitive	 equipment	 (Couëtil	 et	 al.,	 2016).	 Following	 exercise,	 mild	

asthmatics	may	show	slower	recovery	of	respiratory	rate	(Hare	et	al.,	1994)	and	increased	

heart	rate	compared	to	healthy	controls	(Fraipont	et	al.,	2011;	Richard	et	al.,	2010).		

	

The	effects	of	neutrophilic	inflammation	on	the	quantity	of	airway	mucus	and	presence	of	

coughing	is	sometimes	confusing.	Mucus	has	been	implicated	in	coughing	(Cardwell	et	al.,	

2014;	Christley	et	al.,	2001a)	and	poor	performance	(Holcombe	et	al.,	2006;	MacNamara	et	

al.,	1990;	Widmer	et	al.,	2009)	and	variably	correlated	with	neutrophilic	 inflammation	on	

bronchoalveolar	 lavage	(BAL)	(Depecker	et	al.,	2014;	Koblinger	et	al.,	2011;	Richard	et	al.,	

2010).	 However,	 an	 altered	 cytology	 profile	 from	 BAL	 has	 been	 linked	 with	 poor	

performance	 in	 a	 range	of	 sporting	 and	pleasure	horses	 (Allen	et	 al.,	 2006;	 Lavoie	 et	 al.,	

2011;	Nolen-walston	et	al.,	2013).	There	is	conflicting	evidence	for	tracheal	mucus	findings	

across	different	age	groups,	with	racehorses	showing	a	decrease	in	mucus	up	to	4	years	old	

(Chapman	et	 al.,	 2000;	Holcombe	et	 al.,	 2006;	Newton	 et	 al.,	 2003)	 and	pleasure	 horses	

demonstrating	 an	 increase	 in	 tracheal	mucus	with	 age	 (Robinson	 et	 al.,	 2006).	 In	 young	

racehorses,	 the	 prevalence	 of	 tracheal	 mucus	 also	 decreased	 with	 time	 in	 training	

(Cardwell	et	al.,	2011b).		

	

Samples	 of	 respiratory	 fluid	 from	 the	 trachea	 of	 horses	 with	 mild	 asthma	 also	 link	

neutrophilia	with	coughing	(Burrell	et	al.,	1996;	Christley	et	al.,	2001a;	Wood	et	al.,	1993).	
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However,	an	association	between	tracheal	wash	(TW)	cytology	(rather	than	BAL	cytology)	

and	poor	performance	has	not	been	demonstrated	(Holcombe	et	al.,	2006)	and	agreement	

between	TW	and	BAL	has	generally	been	found	to	be	weak	(Malikides	et	al.,	2003).		

	

Contributors	to	the	onset	of	mild	asthma	are	widely	thought	to	be	similar	to	those	for	more	

severe	 phenotypes:	mainly	 environmental,	 infectious	 and	 genetic	 factors	 (Ramery	 et	 al.,	

2015;	Riihimäki	et	al.,	2008;	Rosenthal	et	al.,	2006).	A	hypersensitivity	reaction	to	airborne	

particulates	(Ivester	et	al.,	2014)	is	thought	to	lead	to	increased	mucus	and	inflammation	of	

the	 airways,	 and	 an	 increased	 risk	 in	 stabled	 horses	 has	 been	 frequently	 demonstrated	

(Millerick-May	et	al.,	2013).	Increased	levels	of	cytokines	associated	with	an	adaptive	Th-2	

immune	response	(IL-4	and	IL-5),	eosinophils	and	mast	cells	in	the	BAL	of	asthmatic	horses	

all	support	a	role	for	inhaled	allergens	in	disease	(Beekman	et	al.,	2012).	There	may	also	be	

a	 role	 for	 the	 innate	 immune	 system	 leading	 to	neutrophilic	 inflammation	 in	 the	airways	

(Lavoie	 et	 al.,	 2011).	 Histopathology	 shows	 bronchial	 hyperplasia	 and	 goblet	 cell	

metaplasia,	 increased	exudate	 in	airways	with	mucus	plugging,	and	epithelial	hyperplasia.	

There	 may	 also	 be	 some	 degree	 of	 bronchial	 remodelling	 leading	 to	 low-grade	 airway	

obstruction	(Nyman	et	al.,	1991),	but	similar	changes	have	been	shown	to	occur	in	stabled	

horses	considered	disease-free	(Gerber	et	al.,	2003a).		

		

The	approach	 to	 treatment	 for	mild	asthma	 is	 similar	 to	 that	 for	 severe	asthma,	but	 it	 is	

important	 to	 correctly	 identify	 triggers	 for	 both	 diseases.	 The	 prognosis	 for	most	mildly	

asthmatic	horses	 is	a	full	recovery	without	 lasting	effects	on	respiratory	health.	The	same	

can	be	true	for	severely	asthmatic	horses	in	remission,	but	over	time	there	may	be	chronic	

and	irreversible	airway	remodelling.		

	

	

1.3. 	Infectious	respiratory	diseases	

Horses	have	become	one	of	 the	world’s	most	 travelled	animals	 in	recent	years.	With	this	

comes	increased	risk	for	infectious	disease	spread	(Daly	et	al.,	2011).	Young	horses	tend	to	

be	 more	 susceptible	 to	 infectious	 disease,	 especially	 viral	 pathogens	 (Mumford	 et	 al.,	

2003).	There	are	a	great	many	young	racehorses	transported	regularly	for	competition	(and	

therefore	 at	 higher	 risk	 of	 contacting	 infectious	 animals),	 where	 controlling	 potential	

outbreaks	of	disease	or	limiting	impact	on	performance	are	desirable.	Many	equine	sports	

authorities	 (e.g.	 International	 Federation	 for	 Equestrian	 Sports	 (FEI)/Jockey	 Club)	 around	
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the	 world	 have	 strict	 regulations	 on	 vaccination	 against	 respiratory	 pathogens;	 mainly	

against	 influenza.	 Recently,	 reducing	 the	 threat	 of	 infectious	 disease	 for	 international	

competition	 horses	 has	 been	 furthered	 with	 the	 introduction	 of	 the	 ‘High	 Health,	 High	

Performance	 Horse’	 concept.	 This	 scheme	 aims	 to	 create	 ‘Equine	 Disease	 Free	 Zones’	

(EDFZ)	 and	 corridors	 in	 areas	where	disease	 risks	may	otherwise	exist	 (Dominguez	et	 al.,	

2014).	

	

	

1.3.1. 	Viral	pathogens	

1.3.1.1. Equine	influenza	virus	

Equine	influenza	(EIV)	is	endemic	in	Europe	(Gildea	et	al.,	2013),	North	America	(Morley	et	

al.,	2000a)	and	has	been	reported	in	Asia	(India,	Japan)	(Virmani	et	al.,	2010;	Yamanaka	et	

al.,	2008),	 Latin	America	 (Mexico,	Brazil)	 (Blitvich	et	al.,	2010;	Pena	et	al.,	2006),	and	 the	

Middle	 East	 (Boukharta	 et	 al.,	 2014a).	 Countries	 free	 from	 Equine	 Influenza	 such	 as	

Australia	(Watson	et	al.,	2011)	and	South	Africa	(King	and	Macdonald,	2004)	have	reported	

the	wide	scale	impact	of	outbreaks	in	naïve	populations.	There	have	been	no	reports	of	EIV	

from	 Ethiopia,	 but	 in	 the	 past	 it	 has	 been	 identified	 in	 other	 African	 countries:	 Sudan	

(Wegdan	 et	 al.,	 2015),	 Egypt	 (Ismail	 et	 al.,	 1990),	 Algeria	 (Hans	 et	 al.,	 2012),	 Morocco	

(Boukharta	et	al.,	2014b)and	Nigeria	(Adeyinka	et	al.,	2000).		

	

Vaccination	is	routinely	used	in	endemic	countries	and	is	a	requirement	for	many	governing	

bodies	 in	 equestrian	 sports.	 However,	 there	 are	 still	 outbreaks	 of	 disease	 where	

vaccination	is	utilised	due	to	poor	uptake	(Cullinane	and	Newton,	2013),	or	if	the	circulating	

subtypes	differ	from	those	present	in	the	vaccine	administered	(Daly	et	al.,	2004;	Newton	

et	al.,	1999;	Park	et	al.,	2004).		

	

Influenza	A	 is	a	 single-stranded	RNA	virus	and	a	member	of	 the	Orthomyxoviridae	 family	

(from	 “myxa”,	 Greek	 for	 mucus).	 Influenza	 viruses	 express	 multiple	 combinations	 of	

haemagluttinin	and	neuraminidase	surface	antigens,	which	are	used	to	define	subtypes	of	

the	virus.	 In	equids,	subtypes	H7N7	and	H3N8	have	been	 implicated	 in	disease	outbreaks	

although	 H7N7	 is	 not	 thought	 to	 be	 in	 currently	 in	 circulation	 (Webster,	 1993).	 In	 the	

1980s,	there	was	a	further	branching	of	H3N8	into	Eurasian	and	American	lineages,	arising	

from	antigenic	drift	(Bryant	et	al.,	2009;	Lewis	et	al.,	2011).	Sharing	a	northwestern	border	
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with	Ethiopia,	 identification	of	equine	 influenza	H3N8	subtype	 in	Khartoum,	Sudan	 is	 the	

closest	reported	outbreak	in	the	literature.		

Influenza	outbreaks	are	characterised	by	a	rapid	spread	of	disease	with	fever,	coughing	and	

nasal	 discharge.	 Infection	 leads	 to	 exfoliation	 of	 ciliated	 epithelial	 cells	 in	 the	 upper	

respiratory	 tract	 leading	 to	 decreased	 mucociliary	 clearance.	 Build-up	 of	 mucus	 and	

bacteria	 in	 the	 airways	 often	 leads	 to	 a	 secondary	 infection.	 This	 can	 result	 initially	 in	

serous	 nasal	 discharge,	 becoming	mucopurulent	 over	 time.	 Repair	 of	 epithelial	 cells	 can	

take	weeks,	 leading	to	a	persistent	cough	which	may	take	longer	to	resolve	if	animals	are	

returned	 to	 work	 too	 soon	 (Gross	 et	 al.,	 1998).	 	 EIV	 is	 a	 self-limiting	 infection,	 with	 its	

impact	 limited	 largely	 to	disruption	of	equine	 industries.	Transmission	can	be	airborne	or	

through	direct	contact,	but	fomites	(including	persons	in	contact	with	affected	horses)	also	

potentially	contribute	to	the	spread	of	infection.	There	has	also	been	some	evidence	of	EIV	

crossing	species	barriers	into	dogs	(Crawford,	2005;	Kirkland	et	al.,	2010;	Yamanaka	et	al.,	

2008)	and	pigs	 (Tu	et	al.,	2009).	Despite	evidence	that	humans	seroconvert	and	shed	the	

virus	after	challenge	with	EIV	 (Kasel	and	Couch,	1969)	 ,	 there	 is	 little	 to	support	zoonotic	

spread	from	horses	to	people	(Alexander	and	Brown,	2000).	

In	equine	populations	previously	 free	 from	EIV,	but	 suffering	an	outbreak	of	 the	disease,	

strict	biosecurity	measures	have	been	shown	to	successfully	eradicate	the	virus	(Garner	et	

al.,	2011;	Powell	et	al.,	1995).		

	

	 	

1.3.1.2. Equine	alpha	herpesviruses	(EHV-1/-4)	

There	are	five	equid	herpesviruses	of	which	there	are	two	alpha	herpesviruses	(EHV-1	and	

EHV-4),	 both	 primarily	 causing	 respiratory	 disease	 in	 young	 animals.	 From	 the	 Greek	

“herpein”	meaning	to	creep,	the	virus	is	named	after	its	ability	to	establish	life-long	latent	

infection	(Allen	et	al.,	2008;	Edington	et	al.,	1994;	Welch	et	al.,	1992).	Transmission	 is	via	

the	respiratory	 tract	and	 is	 thought	 to	occur	early	 in	 life,	often	between	mother	and	 foal	

(Dunowska	 et	 al.,	 2002;	Gilkerson	 et	 al.,	 1999a).	 The	 virus	 damages	 respiratory	 epithelia	

and	leads	to	inflammation	in	bronchioles.	Severity	of	disease	presentation	may	be	related	

to	age	or	immune	status	of	the	animal.	Where	older,	previously	exposed	animals	may	only	

have	 mild	 signs,	 in	 younger,	 naïve	 animals	 signs	 may	 last	 2-3	 weeks.	 A	 full	 recovery	 of	

respiratory	signs	is	expected,	with	the	major	impact	being	disruption	to	equine	industries.		
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The	 prevalence	 of	 alpha	 herpesviruses	 varies	 in	 the	 literature,	 with	 varying	 diagnostic	

approaches	 yielding	 detection	 of	 different	 virus-specific	 antibodies.	 Following	 acute	

infection,	or	during	recrudescence	of	a	latent	infection	the	virus	may	be	shed	in	respiratory	

secretions.	 A	 recent	 survey	 of	 over	 4000	 horses	 in	USA	 detected	 organism	 shed	 in	 2.7%	

EHV-1	 and	 8.4%	 EHV-4	 in	 horses	 with	 respiratory	 signs	 (Pusterla	 et	 al.,	 2016)	 similar	 to	

studies	 in	 France	 (Fortier	 et	 al.,	 2009)	 and	 Australia	 (El-Hage	 et	 al.,	 2016)	 but	 reports	 in	

New	Zealand	suggested	40%	positive	for	EHV-4	but	this	was	in	a	young	population	(<3years	

old)	 (McBrearty	 et	 al.,	 2013).	 After	 resolution	 of	 clinical	 disease,	 a	measurable	 antibody	

titre	 may	 be	 detected.	 Two	 main	 approaches	 can	 be	 used	 depending	 on	 the	 need	 to	

differentiate	EHV-1	from	EHV-4,	or	recent	from	historical	infection.	An	ELISA	test	will	detect	

and	 differentiate	 virus	 neutralising	 antibodies	 arising	 from	 any	 exposure	 within	 the	 last	

year.	Surveys	utilising	this	test	in	Ethiopia	have	shown	prevalence	of	14-21%	EHV-1	and	88-

96%	 for	 EHV-4	 (Endebu-Duguma,	 2007;	 Getachew	 et	 al.,	 2014).	 These	 seroprevalences	

were	similar	to	those	reported	in	equine	populations	in	other	countries	(Crabb	et	al.,	1995;	

Gilkerson	et	al.,	1999b)	including	South	Africa	where	seroprevalence	in	yearlings	was	2.4%	

EHV-1	 and	 97%	 EHV-4	 (Gilkerson	 et	 al.,	 2012).	 Alternatively,	 serological	 diagnosis	 could	

target	 complement-fixating	 antibodies,	 which	 remain	 raised	 for	 only	 3	months	 following	

exposure.	A	latent	infection	may	not	be	detectable	unless	during	recrudescence	following	a	

stressor	 (Browning	 et	 al.,	 1988;	 Edington	 et	 al.,	 1985).	 However,	 it	 could	 be	 detected	 at	

necropsy	 and	 may	 explain	 the	 higher	 rate	 of	 organism	 detection	 in	 horses	 using	 this	

method	(18-54%	EHV-1;	(Allen	et	al.,	2008;	Pusterla	et	al.,	2010).	A	serological	survey	of	a	

small	group	of	zebra	in	Tanzania	showed	14%	prevalence	of	antibodies	to	EHV-1	and	2%	to	

EHV-4	(Borchers	et	al.,	2005)	using	virus	neutralisation	techniques.	

	

Infection	 with	 EHV-1	 can	 have	 more	 severe	 consequences	 following	 viraemia,	 allowing	

spread	beyond	 the	 respiratory	 tract	 to	 cause	 systemic	disease	and	vasculitis	 (Kydd	et	al.,	

1994a,	 1994b).	 Vasculitis	 can	 lead	 to	 abortion	 in	 pregnant	 mares	 and	 possibly	 fatal	

neurological	disease.	These	more	serious	sequele	may	be	linked	to	different	strains	of	EHV-

1	and	their	ability	to	establish	a	cell-associated	viraemia.	This	is	an	area	of	ongoing	research	

(Gardiner	et	al.,	2012;	Kydd	et	al.,	2012;	Nugent	et	al.,	2006;	Smith	et	al.,	2003;	Tearle	et	

al.,	2003).	A	vaccine	is	available	in	some	countries,	but	can	only	claim	to	reduce	severity	of	

disease	and	limit	abortion	(Ma	et	al.,	2013).	It	does	not	prevent	infection	or	shedding,	and	

therefore	does	not	stop	transmission.		
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1.3.1.3. Equine	gammaherpesviruses	(EHV-2/-5)	

In	 common	with	 other	 equine	 herpesviruses,	 gammaherpesviruses-2	 and	 -5	 infect	 young	

animals	and	can	cause	life-long	latent	infection,	with	reactivation	during	periods	of	stress.	

Respiratory	 signs	 associated	 with	 infection	 with	 EHV-2	 or	 -5	 are	 likely	 in	 very	 young	

animals,	with	signs	ranging	from	mild	respiratory	disease	to	pneumonia	(Blakeslee	Jr.	et	al.,	

1975;	Nordengrahn	et	al.,	1996;	Wang	et	al.,	2007).	EHV-5	has	also	been	found	in	tissue	of	

affected	horses	with	Equine	Multinodular	Pulmonary	Fibrosis	(EMPF),	but	whether	its	role	

was	 as	 a	 primary	 disease-causing	 role	 or	 secondary	 invasion	 of	 compromised	 tissues	 is	

unclear	(Back	et	al.,	2012;	Marenzoni	et	al.,	2011).	

	

Gammaherpesviruses	 are	 ubiquitous	 in	 many	 equine	 populations	 (Borchers	 et	 al.,	 1998,	

1997;	Browning	and	Studdert,	1987;	Dunowska	et	al.,	2011),	including	in	Iceland	where	the	

horse	 population	 has	 been	 isolated	 for	 1000s	 of	 years	 (Torfason	 et	 al.,	 2008).	 To	 the	

authors	knowledge	there	have	been	no	reports	of	gammaherpesviruses	 from	the	Horn	of	

Africa,	but	a	small	survey	of	zebra	in	Tanzania	did	not	detect	EHV-2.		(Borchers	et	al.,	2005).	

They	have	been	identified	in	horses	with	and	without	clinical	signs	of	disease,	making	their	

role	 in	disease	difficult	 to	ascertain	 (Bell	et	al.,	2006a;	Borchers	et	al.,	1999).	 It	has	been	

suggested	 that	 the	gammaherpesviruses	 could	act	as	a	 co-factor	 in	disease,	affecting	 the	

immunocompetence	of	the	animal,	as	seen	with	rhodococcus	infection	in	foals	(Dunowska	

et	 al.,	 2002).	 It	 is	 thought	 that	 EHV-2	 can	manipulate	 the	 host’s	 immune	 response	with	

cytokine	receptor	decoys	and	by	interacting	with	signalling	for	cell	apoptosis	(Bertin	et	al.,	

1997;	Hardwick	and	Bellows,	2003;	Rosenkilde	et	al.,	2005;	Thome	et	al.,	1999).	

	

Infections	with	gammaherpesvirus	are	thought	to	be	from	mare	to	foal	(Bell	et	al.,	2006a;	

Dunowska	et	al.,	2002),	with	the	establishment	of	latent	infection	in	a	majority	of	animals	

(Edington	et	al.,	1994).	 It	 is	also	possible	 for	 foals	 to	be	 infected	with	different	 strains	of	

EHV-2	(Hartley	et	al.,	2013)	and	even	for	a	variety	of	viral	strains	to	differentiate	within	the	

host	(Borchers	et	al.,	1998;	Franchini	et	al.,	1997;	Sharp	et	al.,	2007).	Transmission	is	via	the	

respiratory	 tract,	 with	 the	 virus	 infecting	 respiratory	 epithelia	 and	 B-lymphocytes	

(Nordengrahn	et	al.,	1996;	Purewal	et	al.,	2016;	Welch	et	al.,	1992).	
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Reactivation	and	shedding	of	 the	virus	can	be	elicited	 following	 immunosuppression	with	

corticosteroids,	but	there	is	no	development	of	clinical	signs	associated	with	recrudescence	

(Barrandeguy	et	al.,	2008;	Borchers	et	al.,	1998;	Browning	and	Studdert,	1989;	Edington	et	

al.,	1994).	The	 impact	of	EHV-2	or	 -5	 infection	 in	horses	with	an	 ill-defined	syndrome	 like	

poor	performance	can	be	difficult	to	establish.	EHV-2	challenge	studies	have	demonstrated	

a	transient	neutrophilia	supporting	a	possible	role	 in	subclinical	airway	disease	(Fortier	et	

al.,	2013).	

	

	

1.3.1.4. Equine	picornaviruses	-	Equine	rhinitis	A	and	B	virus	(ERAV,	ERBV)	

Recently	 reclassified	 from	 rhinoviruses	 to	 picornaviruses	 following	 in-depth	 genomic	

research,	“pico”	from	the	Greek	meaning	very	small,	describes	these	small	RNA	viruses	that	

are	further	broken	down	into	two	genuses.	Equine	rhinitis	A	falls	into	the	genus	apthovirus,	

(“aptha”	meaning	vesicles	of	the	mouth)	and	 is	alongside	Foot	and	Mouth	disease.	There	

are	 also	 three	 recognised	 Equine	 rhinitis	 B	 viruses	 in	 a	 genus	 of	 their	 own:	 the	 so-called	

Erboviruses	(Black	et	al.,	2005;	Huang	et	al.,	2001).	

	

The	 pathogenicity	 of	 these	 highly	 prevalent	 picornaviruses	 is	 not	 fully	 understood,	 as	

infected	horses	present	both	with	and	without	clinical	signs	of	disease	(Carman	et	al.,	1997;	

Li	et	al.,	1997).	ERAV	is	endemic	in	many	countries	(Black	et	al.,	2007;	Diaz-Méndez	et	al.,	

2010;	Dynon	et	al.,	2007;	Horsington	et	al.,	2013a;	Kriegshäuser	et	al.,	2005;	Warner	et	al.,	

2001),	 with	 antibodies	 to	 the	 virus	 identified	 in	 up	 to	 100%	 of	 animals	 (McCollum	 and	

Timoney,	 1992).	 Closer	 to	Ethiopia,	 ERAV	and	ERBV	have	been	 reported	 in	 South	African	

horse	populations	 (Picard,	2005),	antibodies	to	ERAV	have	been	found	 in	zebras	 in	Kenya	

(Kimber	et	al.,	2002)	and	ERBV	detected	in	faecal	samples	in	United	Arab	Emirates	(Woo	et	

al.,	2016).	Infection	of	the	respiratory	tract	occurs	early	in	life	but	the	virus	is	shed	in	large	

quantities	in	urine	(Lynch	et	al.,	2013;	Quinlivan	et	al.,	2010).	This	can	continue	for	months	

and	 is	 likely	 an	 important	 source	of	 infection	 for	 naïve	 animals	 (McCollum	and	 Timoney,	

1992).	Often	infection	is	subclinical	but	there	may	be	a	systemic	impact	from	ERAV	such	as	

poor	 performance,	 neutrophilia	 or	 immunosuppression	 (Klaey	 et	 al.,	 1998).	 Challenge	

studies	with	ERAV	in	horses	have	elicited	both	upper	and	lower	respiratory	tract	changes,	

with	nasal	discharge,	pyrexia	and	increased	tracheal	mucus	lasting	up	to	three	weeks	(Diaz-

Méndez	et	al.,	2014).		
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Equine	rhinitis	B	viruses	are	also	highly	prevalent,	but	research	has	usually	focused	on	just	

one	 or	 two	 subtypes.	 Infection	 is	 only	 associated	 with	 the	 respiratory	 tract	 and	 mostly	

results	in	subclinical	infection	which	is	thought	to	occur	early	in	life.	However,	infection	can	

be	persistent	with	the	potential	for	recrudescence	and	viral	shedding,	which	is	thought	to	

be	 important	 in	 further	 transmission	 of	 the	 virus	 (Horsington	 et	 al.,	 2013b).	 Co-infection	

with	multiple	 ERBVs	 has	 been	 seen	 (Horsington	 et	 al.,	 2012,	 2011),	 and	 signs	 of	 disease	

include	nasal	discharge,	pyrexia	and	cough	(Carman	et	al.,	1997).		

	

Human	rhinoviruses,	the	cause	of	the	common	cold,	have	been	implicated	in	exacerbation	

of	 asthma	 in	 people	 (Friedlander	 and	 Busse,	 2005;	 Kelly	 and	 Busse,	 2008;	 Miller	 et	 al.,	

2009)	and	a	 recent	 study	 in	horses	with	mild	asthma	 found	 they	were	 significantly	more	

likely	 to	 be	 sero-postivie	 to	 ERAV	 (Houtsma	 et	 al.,	 2015).	 However	 a	 link	 with	 poor	

performance	was	not	 shown	by	 (Back	et	al.,	2015).	A	commercial	 vaccination	 is	available	

for	ERAV	but	 is	not	 routinely	 required	by	equine	governing	bodies	 (Boeringher	 Ingelheim	

Vetmedica	Inc.,USA).	

	

	

1.3.1.5. Equine	arteritis	virus	(EAV)	

EAV	 has	 recently	 been	 placed	 in	 a	 genus	 of	 its	 own,	 Equartevirus,	 due	 to	 continuing	

discoveries	 of	 novel	 Arteriviridae	 and	 the	 need	 to	 further	 differentiate	 viruses	 affecting	

other	species	(Kuhn	et	al.,	2016).	Arteritis	virus,	as	the	name	suggests,	causes	vasculitis	that	

leads	to	a	range	of	clinical	signs	or	abortion	in	pregnant	mares	(Cole	et	al.,	1986;	Timoney	

and	Mccollum,	1988).	The	infection	is	mostly	subclinical	(Bell	et	al.,	2006b;	Timoney	et	al.,	

1987),	with	the	severity	of	clinical	disease	varying	depending	on	the	virulence	of	the	strain,	

or	with	host	factors	such	as	age	or	physical	condition	(Balasuriya	et	al.,	2013;	Glaser	et	al.,	

1997).	Transmission	is	mainly	via	the	respiratory	tract	but	it	can	also	be	spread	congenitally	

(Vaala	 et	 al.,	 1992)or	 venereally	 spread	 via	 infected	 semen	 (Miszczak	 et	 al.,	 2012).	 	 The	

virus	replicates	in	respiratory	epithelium	and	rapidly	spreads	to	blood	where	it	replicates	in	

macrophages	 and	 endothelial	 cells.	 Damage	 to	 endothelium	 causes	 necrosis	 of	 small	

arterioles	 leading	 to	 oedema,	 haemorrhage	 and	 congestion.	 Presentations	 can	 include	 a	

range	 of	 clinical	 signs	 such	 as	 pyrexia,	 respiratory	 distress,	 conjunctivitis,	 periorbital	

oedema	or	dependent	oedema,	 and	uticaria	 in	 some	 instances	 (Timoney,	 2013;	 Timoney	

and	McCollum,	 1993).	 Prognosis	 for	 a	 full	 recovery	 is	 good	with	 rare	 fatalities.	However,	

infection	of	stallions	may	result	in	a	persistent	infection	with	the	virus	being	shed	in	semen	
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and	facilitating	venereal	spread	of	disease	(McKinnon	et	al.,	1986;	Timoney	and	McCollum,	

2000).	 The	 likelihood	 that	 an	 exposed	 stallion	 will	 become	 a	 carrier	may	 be	 linked	with	

genetic	 factors	 influencing	 the	 susceptibility	 of	 CD3+	 T-lymphocytes	 to	 EAV	 (Go	 et	 al.,	

2012).	

Equine	viral	arteritis	 (EVA)	has	been	found	 in	horse	populations	worldwide	(Echeverría	et	

al.,	 2003;	 Pa	 and	 Szeredi,	 2005;	 Rola	 et	 al.,	 2011;	 Talafha	 et	 al.,	 2016),	 but	 is	 seen	with	

growing	incidence	due	to	increased	transportation	of	horses	or	infected	semen	(Broaddus	

et	 al.,	 2011;	 Timoney,	 1992).	 Historic	 seroprevalence	 in	 Ethiopia	 was	 reported	 at	 8%	

(Moraillon	et	al.,	1978),	but	more	recently	a	survey	of	donkeys	reported	seroprevalence	of	

21%	 (Powell,	n.d.).	Antibodies	 to	EAV	have	also	been	detected	 in	Algeria	 (Laabassi	et	al.,	

2014)	and	in	zebras	in	Tanzania	(Borchers	et	al.,	2005).	A	vaccine	is	available	commercially	

but	is	not	in	routine	use,	instead	utilised	to	avoid	abortion	or	protect	colts	from	becoming	

persistently	infected	(Arcvac,	Zoetis,	USA).		

		

	

1.3.2. 	Bacterial	pathogens	

1.3.2.1. Streptococcus	equi	subspecies	equi	

Infection	 with	 Streptococcus	 equi	 subspecies	 equi	 (S	 equi)	 leading	 to	 strangles	 was	 first	

reported	in	the	13th	century	and	is	described	in	historic	veterinary	texts	(Schütz,	1888).	It	is	

a	 commonly	 encountered	 infection	worldwide,	 including	 the	UK	 (Parkinson	 et	 al.,	 2011),	

Brazil	 (Libardoni	 et	 al.,	 2016),	New	 Zealand	 (Patty	 and	Cursons,	 2014)	 and	 Israel	 (Tirosh-

Levy	et	al.,	2016).	Closer	to	Ethiopia	there	have	antibodies	detected	in	12%	of	horses	in	a	

study	in	Saudi	Arabia	(Al-Ghamdi,	2012)	and	10%	seroprevalence	in	the	working	horses	of	

Lesotho	in	southern	Africa	(Ling	et	al.,	2011).	There	has	also	been	reported	an	outbreak	of	

disease	caused	by	S	equi	in	dromedary	camels	in	Ethiopia	(Yigezu	et	al.,	1997).	Infection	of	

horses	with	S	equi	can	have	a	varied	impact	on	equine	health	but	rarely	fatal	(Duffee	et	al.,	

2015;	Sweeney	et	al.,	1989).	Exposure	to	the	bacteria	leads	to	invasion	of	tonsilar	tissues,	

where	the	bacteria	migrate	to	 local	 lymph	nodes	(LN)	within	three	hours	(Sweeney	et	al.,	

2005;	 Timoney	 and	 Kumar,	 2008).	 S	 equi	 is	 thought	 to	modulate	 the	 initial	 neutrophilic	

response	 to	 infection	 from	the	 innate	 immune	system	and	S	equi	M-like	surface	proteins	

(SeM)	can	help	resist	phagocytosis	by	binding	immunoglobulins	and	fibrinogens	(Boschwitz	

and	Timoneyt,	1994;	Galan	and	Timoney,	1988;	Tiwari	et	al.,	2007).	
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Infection	with	certain	strains	(Anzai	et	al.,	2005;	Kelly	et	al.,	2006),	a	large	challenge	dose,	

or	 in	 naïve,	 young	 (<5years)	 or	 geriatric	 horses	 can	 result	 in	 classical	 signs	 of	 strangles:	

enlarged	 cranial	 lymph	 nodes	 contributing	 to	 dysphagia	 (resembling	 strangulation	 giving	

rise	 to	 the	 colloquial	 name)	 (Boyle,	 2016).	 Bacteria	 replicating	 in	 cranial	 LNs	 leads	 to	

abscess	formation,	which	eventually	mature	and	rupture.	In	external	abscesses	this	may	be	

obvious,	but	the	retrophayngeal	LN	may	only	burst	 internally	 into	the	pharynx	or	guttural	

pouch,	 possibly	 draining	 via	 the	 nostrils.	 Horses	 are	 often	 pyrexic	 for	 up	 to	 two	 weeks	

following	infection	or,	more	commonly,	until	abscess	rupture	(Mallicote,	2015).	Horses	may	

present	with	a	mucopurulent	nasal	discharge	or	less	frequently	with	coughing.	Between	2	

and	20%	of	cases	may	develop	‘bastard	strangles’,	where	S	equi	spreads	beyond	cranial	LN,	

via	lymph	or	blood,	to	form	abscesses	elsewhere	(Duffee	et	al.,	2015;	Sweeney	et	al.,	2005).	

Clinical	presentation	will	 depend	on	 the	 site	of	 abscess	 formation,	but	 lymphadenopathy	

affecting	LN	at	the	thoracic	inlet	has	been	seen	to	restrict	ventilation,	and	abscesses	in	the	

abdominal	cavity	can	lead	to	peritonitis	and	colic	signs	(Whelchel	and	Chaffin,	2009).			

	

Purpura	 haemorrhagica	 is	 an	 infrequent	 complication	 due	 to	 a	 Type	 III	 hypersensitivity	

response	to	S	equi,	 leading	to	widespread	vasculitis.	The	deposition	of	 immunocomplexes	

results	in	necrosis	of	blood	vessels,	among	other	effects,	causing	haemorrhage	and	pitting	

oedema	with	possible	skin	sloughing	in	affected	areas	(Galan	and	Timoney,	1985;	Sweeney	

et	al.,	2005).		

	

These	 complications	 are	 uncommon,	 but	 there	 is	 some	 suggestion	 that	 the	 risk	 of	

metastatic	spread	may	be	increased	with	a	lowering	of	the	hosts’	natural	immune	response	

(for	 example	when	 antibiotic	 treatment	 is	 administered	 before	 abscesses	 have	matured)	

(Mallicote,	2015).	It	has	also	been	suggested	that	a	hypersensitivity	response	may	be	more	

likely	 in	 animals	 previously	 exposed	 to	 S	 equi	 through	 natural	 infection	 or	 vaccination	

(Galan	and	Timoney,	1985;	Heath	et	al.,	1991;	Sweeney	et	al.,	2005).	

	

In	a	majority	of	affected	animals,	nasal	shedding	will	resolve	after	a	few	weeks,	but	there	

can	be	delayed	clearance	in	some	animals	meaning	they	remain	infectious	up	to	six	weeks	

(Mallicote,	 2015).	 Transmission	 is	 by	 direct	 contact	 or	 via	 fomites,	 contaminated	 with	

mucus	or	pus.	In	direct	sunlight,	S	equi	cannot	survive	for	more	than	a	few	days	(Weese	et	

al.,	2008);	but	 in	moist	environments	such	as	water	buckets,	 survival	of	up	 to	a	month	 is	

possible	(Timoney	et	al.,	2006a;	Waller,	2014a).	Following	recovery,	horses	can	be	immune	
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for	 up	 to	 five	 years	 (Boyle	 et	 al.,	 2009;	 Todd,	 1910).	 In	 horses	 previously	 exposed,	 and	

therefore	typically	older,	reinfection	may	result	in	milder,	atypical	signs	of	disease	that	are	

not	easily	differentiated	as	S	equi	infection	(Boyle,	2016;	Prescott	et	al.,	1982;	Sweeney	et	

al.,	2005).		

	

Between	 10	 and	 40%	 of	 strangles	 cases	will	 fail	 to	 clear	 the	 organism	 from	 the	 guttural	

pouch	(GP),	becoming	carriers	for	years	and	intermittently	shedding	bacteria	(Duffee	et	al.,	

2015;	 Newton	 et	 al.,	 2000a,	 1997;	 Verheyen	 et	 al.,	 2000).	 These	 carrier	 animals	 are	 an	

important	source	of	new	outbreaks	and	are	unreliably	detected	through	serology	or	gross	

inspection	 of	 the	 guttural	 pouch	 (Davidson	 et	 al.,	 2008).	 Purulent	 material	 in	 the	 GP	

becomes	 inspissated,	 thereby	 preventing	 drainage	 of	 infectious	 material.	 This	 forms	

chondroids	containing	bacteria	that	survive	despite	the	unfavourable	conditions.	S	equi	has	

sufficient	 flexibility	 in	 its	 genome	 to	 allow	 some	 adaptation	 to	 this	 environment,	

establishing	a	persistent	infection	with	the	continued	ability	to	cause	new	infections	(Harris	

et	 al.,	 2015).	 S	 equi	 has	 recently	 been	 found	 in	 GPs	 with	 no	 purulent	 material	 present,	

surrounded	 by	 a	 protective	 slime	 biofilm	 (Bustos	 et	 al.,	 2016).	 S	 equi’s	 specialisation	 to	

persist	in	the	face	of	the	host	immune	response	and	in	this	challenging	environment	have	

likely	reduced	it’s	pathogenicity	in	other	species.	Despite	this,	S	equi	has	historically	been	a	

frequent	 cause	 of	 disease	 and	 remains	 an	 important	 pathogen	 of	 the	 equine	 respiratory	

tract.	Eradication	can	potentially	be	achieved	with	 targeted	diagnostics	 to	 identify	carrier	

animals,	 and	 strict	biosecurity	measures	but	has	proved	difficult	 even	where	 there	exists	

capacity	 to	enact	a	campaign	 (Newton	et	al.,	2000a,	1997;	Verheyen	et	al.,	2000;	Waller,	

2013).	Commercial	vaccines	are	available,	but	are	not	used	routinely	due	to	varying	levels	

of	 efficacy	 and	 complication	 rates	 (Kemp-Sydmonds	 et	 al.,	 2007;	 Pusterla	 et	 al.,	 2003;	

Wiedner	et	al.,	2006).		

	

	

1.3.2.2. Streptococcus	equi	subspecies	zooepidemicus	

S	zooepidemicus	 is	closely	related	to	S	equi,	sharing	97%	of	its	DNA	profile	(Holden	2009).	

Where	the	presence	of	S	equi	in	the	equine	respiratory	tract	is	always	considered	invasive,	

S	zooepidemicus	can	be	present	as	a	normal	commensal	in	upper	respiratory	tract.	It	is	also	

commonly	 found	 in	 the	 upper	 (S.	 B.	 Lindahl	 et	 al.,	 2013)	 and	 lower	 respiratory	 tract	

(Newton	et	al.,	2008;	Wood	et	al.,	1993)	and	isolated	from	soft	tissue	and	musculoskeletal	

infections	 (Spijk	 et	 al.,	 2016).	 Previously	 it	 has	 been	 assumed	 to	 act	 as	 an	 opportunistic	
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pathogen	 following	 initial	viral	 infection	or	other	stressor	 (Allpress,	1997;	Chanter,	1994).	

However	its	presence	has	been	statistically	significantly	associated	with	coughing	(Christley	

et	 al.,	 2001b)	 and	mild	 asthma	 (Burrell	 et	 al.,	 1996;	 Chapman	 et	 al.,	 2000;	Wood	 et	 al.,	

1993,	 2005a,	 2005b).	 It	 has	 also	 been	 found	 in	 horses	with	 pneumonia	 (Sweeney	 et	 al.,	

1991a)	and	following	challenge	of	10	horses	in	Japan	induced	pneumonia	in	all	where	the	

authors	suggest	a	causative	role	for		S	zooepidemicus	 in	equine	shipping	fever	pneumonia	

(Yoshikawa	et	al.,	2003).		

Additionally,	outbreaks	of	equine	respiratory	disease	 in	 Iceland	(Björnsdóttir	et	al.,	2012),	

Sweden	 (S.	 B.	 Lindahl	 et	 al.,	 2013),	 and	 New	 Caledonia	 (Velineni	 et	 al.,	 2014)	 have	

implicated	 S	 zooepidemicus	 as	 the	 primary	 aetiological	 agent	 leading	 to	 coughing	 and	

mucopurulent	nasal	discharge.		Studies	of	equine	respiratory	disease	in	Iran	(Jannatabadi	et	

al.,	2008)	and	the	USA	(Vin	et	al.,	2016)	have	also	supported	a	role	for	S	zooepidemicus	in	

disease	signs.		

	

With	 advances	 in	 molecular	 techniques,	 whole	 genome	 sequencing	 has	 identified	

numerous	different	strains	of	S	zooepidemicus	in	horses	(Newton	et	al.,	2008;	Webb	et	al.,	

2008).	Wood	et	 al.	 (2005)	 reports	 a	decrease	 in	detection	with	 age	 suggesting	 a	 role	 for	

increasing	 immunity	 to	 the	 bacteria.	 However,	 the	 large	 diversity	 of	 strains	 mean	 it	 is	

unlikely	 that	 exposure	 to	 one	 strain	 will	 convey	 cross-protection	 for	 immunity	 to	 other	

strains	 of	 S	 zooepidemicus.	 It	 has	 also	 been	 suggested	 that	 certain	 strains	may	 be	more	

adapted	 to	 the	 upper	 or	 lower	 respiratory	 tract	 and	 have	 different	 virulence	 properties	

(Barquero	 et	 al.,	 2010;	 Paillot	 et	 al.,	 2010;	Webb	 et	 al.,	 2008).	 Although	 it	 is	 possible	 to	

identify	numerous	strains	in	one	horse	at	a	single	point	in	time,	there	may	be	a	dominant	

strain	in	the	infection	(Newton	et	al.,	2008).	In	common	with	S	equi	(Hulting,	2016)	and	the	

important	human	pathogen	S	pyogenes	(Holden	et	al.,	2009),	some	S	zooepidemicus	have	

superantigens	 (Rash	 et	 al.,	 2016),	 allowing	 the	 organism	 to	 escape	 the	 effects	 of	 host	

immune	response	among	other	properties	(Paillot	et	al.,	2012).	The	organism	has	also	been	

shown	to	survive	 in	a	biofilm,	 further	 increasing	 its	 resistance	 to	host	 immune	 responses	

and,	 potentially,	 chemotherapy	 (Yi	 et	 al.,	 2016).	 The	 formation	 of	 a	 biofilm	 in	 the	

respiratory	 tract	 can	 lead	 to	 chronic	 infection	 with	 possible	 recurrence	 of	 disease.	

Immunity	 to	S	zooepidemicus	will	develop	but	 this	does	not	always	 result	 in	 clearance	of	

the	 organism,	meaning	 recovered	 horses	may	 still	 act	 as	 a	 source	 of	 infection	 to	 others	

(Waller,	2014b).		
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S	 zooepidemicus	 has	 also	 been	 identified	 as	 the	 causative	 agent	 in	 uterine	 infections	 of	

mares	(Hong	et	al.,	1993;	Smith	et	al.,	2003)	and	in	cases	of	ulcerative	keratitis	(Brooks	et	

al.,	 2000).	 Unlike	 S	 equi,	 which	 is	 restricted	 to	 infection	 of	 equids,	 S	 zooepidemicus	 is	

considered	a	serious	pathogen	in	several	species	including	swine	(Ma	et	al.,	2011)	and	dogs	

(Chalker	 et	 al.,	 2012).	 It	 is	 also	 known	 in	 humans	 to	 cause	 serious	 and	 sometimes	 fatal	

disease	 (Balter	 et	 al.,	 2000;	 Jovanovic	 et	 al.,	 2016;	 Kawakami	 et	 al.,	 2016).	 Zoonotic	

transmission	 from	 horses	 to	 humans	 is	 possible	 and	 this	 may	 pose	 a	 higher	 risk	 for	

immunocompromised	people	(Pelkonen	et	al.,	2013).		

	

	

1.3.2.3. Mycoplasma	species		

Mycoplasma	 spp.	 have	 occasionally	 been	 identified	 as	 a	 primary	 cause	 of	 respiratory	

disease	 in	 horses,	 particularly	 pneumonia	 or	 pleuropneumonia,	 (Hoffman	 et	 al.,	 1992;	

Ogilvie	et	al.,	1983;	Wood	et	al.,	1997)		or	as	a	mixed	infection	(Wood	et	al.,	2005a).	There	

are	 seven	species	 that	have	been	documented	 in	 the	equine	 respiratory	 tract	 (Allam	and	

Lemcke,	1975)	but	Mycoplasma	felis	and	M	equirhinis	are	of	greatest	concern.		

	

Myco	-	from	the	Greek	“mykes”	meaning	fungus	-	refers	to	the	fungal-like	properties	of	this	

unusual	bacterium.	Mycoplasma	 spp.	have	the	smallest	genome	of	all	bacteria	and	 lack	a	

rigid	 cell	 wall	 common	 to	 many	 other	 species.	 This	 lack	 of	 a	 cell	 wall	 may	 mean	 that	

organisms	 are	 resistant	 to	 antibiotics	 such	 as	 penicillin,	 which	 target	 this	 region	 of	 the	

bacteria.	 However,	 these	 organisms	 fail	 to	 support	 themselves	 nutritionally	 and	 must	

adhere	closely	to	host	cells	 for	 this	 (Slater,	2007).	 In	some	Mycoplasma	 spp.	 it	 is	 thought	

that	 this	adherence	can	become	virulent	 (Tu	et	al.,	2005).	Where	attached	 to	 respiratory	

mucosa,	infection	with	mycoplasma	damages	cilia	and	reduces	mucociliary	clearance	from	

lungs.	This	in	turn	allows	further	colonisation	and	leads	to	inflammation	of	the	airways,	and	

is	 possibly	 linked	with	 equine	 asthma	 (Wood	 et	 al.,	 2000,	 2005a).	Mycoplasma	 felis	 has	

been	 found	 in	 horses	with	 respiratory	 disease	 (Carman	 et	 al.,	 1997;	Morley	 et	 al.,	 1996;	

Newton	 et	 al.,	 2003)	with	 a	 prevalence	 of	 around	 1.5%	 in	 the	UK	 (Cardwell	 et	 al.,	 2013;	

Wood	 et	 al.,	 2005b).	Mycoplasma	 felis	was	 not	 isolated	 from	 respiratory	 cases	 in	 a	 case	

study	from	Turkey	(Mete,	2016)	or	from	studies	in	Australia	(Christley	et	al.,	2001b).		
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1.3.3. Other	bacterial	infections	

Often	 bacterial	 infection	 of	 the	 lower	 airways	 is	 by	 opportunistic	 pathogens:	 usually	

commensals	 from	 the	 upper	 respiratory	 tract	 (URT).	 The	 opportunity	 for	 colonisation	 by	

otherwise	non-pathogenic	strains	can	arise	when	host	defences	are	compromised.	In	young	

horses	this	can	be	following	damage	of	the	epithelium	by	viral	pathogens	such	as	influenza	

or	herpesvirus	(Austin	et	al.,	1995;	Willoughby	et	al.,	1992).	In	older	horses,	stressors	such	

as	long-haul	transport	(Austin	et	al.,	1995),	elevated	head	position	(Raidal	et	al.,	1996)	and	

strenuous	 exercise	 (Raidal	 et	 al.,	 2000,	 1997)	 can	 all	 compromise	 respiratory	 resistance	

enough	 to	 allow	 opportunistic	 infection.	 Infections	 are	 most	 commonly	 with	 S	

zooepidemicus	 (Sweeney	 et	 al.,	 1991a)	 but	 are	 often	mixed	with	 gram-negative	 bacteria	

such	 as	Bordetella,	 Pseudomonas	 or	 Pasteurella	 spp.	 and	 gram-positive	 bacteria	 such	 as	

Staphylococci	 or	 Bacteroides	 spp.	 (Christley	 et	 al.,	 2001b;	 Wood	 et	 al.,	 1993,	 2005a).	

Bordetella	 bronchispetica	 is	 a	 common	 respiratory	 pathogen	 in	 dogs	 but	 has	 been	

implicated	 in	 equine	 respiratory	 disease	 infrequently	 (Garcia-Cantu	 et	 al.,	 2000).	 The	

implications	of	infection	can	vary	according	to	host	factors	such	as	age	or	bacterial	load.	In	

foals,	 disease	 can	 be	more	 severe	 pneumonia	whilst	 in	 adults	 it	may	 only	 be	 associated	

with	mild	asthma.	Initially,	bacterial	 infection	will	promote	neutrophilic	 inflammation	that	

may	 form	 focal	 abscesses	 in	 the	 lung,	 usually	 affecting	 the	 cranioventral	 lung	 first,	 as	

colonisation	 moves	 from	 the	 URT	 distally.	 Bronchopneumonia	 can	 progress	 to	

pleuropneumonia	 where	 inflammatory	 fluid	 fills	 the	 pleural	 space	 and	 fibrinogen	

deposition	leads	to	impaired	lung	function,	with	potentially	fatal	consequences	(Reuss	and	

Giguere,	2015).		
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1.4. Conclusions	and	thesis	aims	&	objectives:	

	

It	 is	 clear	 that	 respiratory	 signs	 are	 a	 health	 problem	 in	working	 horses	 in	 Ethiopia	 and,	

similar	to	other	equine	populations,	there	may	be	multiple	aetiologies	underlying	this.	Due	

to	 the	 lack	 of	 published	 data	 on	 the	 Ethiopian	 study	 population	 it	 was	 important	 to	

establish	background	context	and	take	a	broad	view	of	the	possible	contributing	factors	for	

respiratory	disease	in	these	working	horses.		

	

Thus	the	aims	of	this	study	were:	

	

• To	understand	 local	experiences	and	knowledge	of	 respiratory	disease	 in	working	

horses.	This	was	addressed	by	completion	of	a	participatory	epidemiological	study	

at	a	variety	of	sites	from	a	range	of	agro-climatic	zones	and	including	locations	not	

covered	by	SPANA	veterinary	services.	Focus	group	discussions	with	ranking	tasks	

were	used	to	document	local	knowledge	and	enable	discussions	around	lay	beliefs	

for	what	action	should	be	taken	after	an	animal	falls	ill.		

	

• To	determine	prevalence	of	clinical	respiratory	signs	in	the	working	population	and	

determine	seroprevalence	to	the	major	respiratory	pathogens	in	the	working	horse	

population.	 A	 cross-sectional	 survey	 targeted	 working	 horses	 from	 a	 variety	 of	

locations	 and	 performing	 different	 types	 of	 work,	 including	 surveying	 rural	 and	

urban	populations	 and	 assessing	management	 factors	 associated	with	 serological	

results.	

	

• To	 describe	 underlying	 pathology	 and	 infectious	 agents	 associated	 with	 horses	

suffering	 signs	of	 respiratory	disease.	An	unmatched	 case-control	 study	 including	

endoscopic	examination	allowed	identification	of	risk	factors	for	disease,	which	can	

aid	in	design	of	control	policies	for	the	future.	
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1.5. Thesis	Summary:		

	

The	 results	 of	 these	 studies	 are	 presented	 as	 a	 series	 of	 four	 chapters	 in	 Chapters	 2-5.	

These	are	followed	by	a	discussion	of	thesis	findings	and	final	concluding	remarks.		A	plain	

language	 summary	 is	 included	 for	 Veterinary	 Paraprofessionals	 working	 in	 Ethiopia	 and	

policy	makers	with	a	non-veterinary	background.	

	

Chapter	2		

Community	experience	and	lay-beliefs	surrounding	equine	respiratory	disease	in	Ethiopia	

	

Chapter	3	

Sero-epidemiology	of	respiratory	pathogens	in	the	working	horses	of	Ethiopia	

	

Chapter	4		

Pathology	and	horse-	and	management-level	risk	factors	associated	with	respiratory	

disease	in	the	working	horses	of	Ethiopia:		

A	case-control	study	(Part	1)	

	

Chapter	5		

Infectious	agents	associated	with	respiratory	disease	in	the	working	equids	of	Ethiopia:		

A	case-control	study	(Part	2)	
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Chapter	2:	

	

Community	experience	and	lay-beliefs	

surrounding	equine	respiratory	disease	in	

Ethiopia	
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Introduction		

	

Respiratory	 disease	 is	 recognised	 as	 a	 leading	 cause	 of	 performance	 loss	 in	 horses	 in	

industrialised	 countries	 (Holcombe	 et	 al.,	 2006;	 Newton	 et	 al.,	 1999)	 and	 has	 been	

identified	 as	 a	 priority	 health	 concern	 by	 owners	 and	 cart-drivers	 of	 working	 horses	 in	

Ethiopia:	Coughing	and	nasal	discharge	were	considered	 in	the	top	three	health	concerns	

by	 local	 stakeholders	 in	 previous	 participatory	 research	 (Admassu	 and	 Shiferaw,	 2011;	

Scantlebury	et	al.,	2015;	Shelima	et	al.,	2006;	Stringer	et	al.,	2011b).	However,	there	is	little	

existing	 literature	 investigating	 the	 epidemiology	 or	 impact	 of	 respiratory	 disease	 in	 this	

population.	 	 This	 study	 aimed	 to	 use	 participatory	 techniques	 (Catley	 et	 al.,	 2012;	

Chambers,	 1994a;	 Mariner	 and	 Roeder,	 2003;	 Scantlebury	 et	 al.,	 2015)	 to	 gain	

understanding	of	equine	respiratory	disease	experienced	by	owners	and	users	of	working	

horses	 in	 Ethiopia,	 and	 document	 lay	 beliefs	 on	 aetiology	 and	 current	 action	 taken	 to	

control	illness.		

	

Ethiopia	has	nine	million	working	equids	(FAOSTAT,	2014)	contributing	to	the	livelihoods	of	

many	 resource-poor	 individuals	 (Admassu	 and	 Shiferaw,	 2011).	 These	 equids	 perform	 a	

variety	 of	 income-generating	 and	 labour-relieving	 roles,	 including	 transporting	 people,	

goods,	 building	materials	 and	 water;	 alongside	 ceremonial	 roles	 (Asmamaw	 et	 al.	 2014;	

Curran	&	Smith	2005;	Valette	2014).	Ethiopia’s	economy	is	largely	based	around	agriculture	

(CSA,	2013),	with	an	estimated	2	million	working	horses	being	used	in	both	rural	and	urban	

environments	 as	 cart-taxi	 (“gharry”)	 horses	 or	 saddle	 horses.	 Human-animal	

interdependency	 is	 integral	 to	 livelihoods	 and	 equid	 ownership	 can	 generate	 income	

equivalent	 to	 that	of	 livestock	ownership	 (Admassu	and	Shiferaw,	2011;	Pritchard,	2010).	

As	 such	 it	 stands	 that	poor	animal	health	 can	directly	 impact	owners’	 financial	 resources	

(Stringer,	2014).	Despite	the	widespread	use	and	reliance	on	equids,	they	are	often	left	out	

of	 animal	 health	 policy	 at	 an	 institutional	 level	 (Stringer	 et	 al.,	 2015),	 with	 poor	 disease	

surveillance	or	control	structures	in	place	for	equine	disease.		

	

This	 study	 was	 guided	 by	 (though	 did	 not	 strictly	 adhere	 to)	 the	 philosophy	 of	 the	

‘participatory	approach’,	 in	which	 the	 local	 community	 set	 their	own	priorities	 for	health	

issues	to	be	addressed	in	keeping	with	‘bottom-up’	approaches	to	health	care	development	

(Chambers,	 1994b).	 Participatory	 techniques	 generate	 locally	 relevant	 information	 to	
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contextualise	owners’	understanding	and	experience	of	disease,	and	their	current	actions	

to	treat	and	prevent	it.		

Respiratory	disease	 is	 a	 common	 cause	of	 clinical	 signs	 among	horses	worldwide	 (Traub-

Dargatz	 et	 al.,	 1991),	 and	 the	 use	 of	 owner-reporting	 of	 such	 clinical	 signs	 has	 been	

successful	for	assessment	of	horses	with	respiratory	disease	elsewhere	(Gerber	et	al.,	2011;	

Hotchkiss	 et	 al.,	 2007;	 Rettmer	 et	 al.,	 2015;	 A	 J	 Wasko	 et	 al.,	 2011).	 Participatory	

methodologies	 are	 a	 useful	 tool	 for	 disease	 surveillance	 in	 the	 resource-poor	 settings	 of	

developing	nations	(Catley,	2006)	and	contribute	essential	contextual	 information	needed	

to	 successfully	build	 sustainable	 intervention	plans	 in	 the	 future	 (Poore,	2010;	Upjohn	et	

al.,	2014).	

	

Community	 engagement	also	 aims	 to	 increase	 the	 scope	of	 epidemiological	 investigation	

and	the	sustainability	of	future	interventions	by	building	links	between	veterinary	services	

and	equid	users	 (Leyland	and	Catley,	2002;	Oakley,	1991;	Paul,	1987).	 	The	results	of	 this	

preliminary	phase	will	also	contribute	to	the	design	of	subsequent	epidemiological	studies	

to	 unravel	 the	 causes	 of	 respiratory	 disease	 in	 this	 population	 (Tashakkori	 and	 Creswell,	

2007).		

	

Materials	and	Methods	
	
	
This	study	was	conducted	in	sites	in	central	Ethiopia	in	the	regions	of	Oromia,	Amhara	and	

the	 Southern	Nations,	Nationalities	 and	People’s	Region	 (SNNPR)	 as	 shown	 in	 Figure	2.1.	

Sampling	 took	 place	 during	 February	 and	March	 2013	 across	 a	 range	 of	 climatic	 regions	

from	 lowland	 (<1500m)	 and	 highland	 (>2300m)	 areas.	 Participants	 for	 Focus	 Group	

Discussions	(FGD)	were	recruited	from	owners	and	drivers	attending	SPANA	clinics	where	

available.	 At	 non-SPANA	 sites	 participants	 were	 invited	 to	 attend	 following	 random	

selection	 from	 Cart	 Horse	 Association	 (CHA)	 member	 registers;	 or	 where	 this	 was	 not	

possible,	 participants	 were	 approached	 while	 attending	 government	 clinics	 for	 equine	

health	care.	Contact	was	initially	made	through	local	authority	animal	health	offices	where	

permission	 was	 sought	 to	 complete	 this	 study	 as	 endorsed	 by	 Addis	 Ababa	 University	

(AAU).	Participants	from	these	sites	were	invited	to	attend	a	location	for	a	half-day	in	the	

future	to	complete	the	FGD,	and	a	payment	was	offered	to	compensate	the	approximate	

loss	of	earnings	(50	Birr,	approximately	£1.70).	Participants	could	be	horse	owners	and/or	

drivers.	Where	membership	or	tax	lists	were	used	to	select	participants	but	no	contact	was	
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possible	 with	 the	 selected	 individual,	 then	 the	 next	 person	 on	 the	 list	 was	 invited	 to	

participate	in	the	study.	

	

	

SPANA-Ethiopia	veterinary	surgeons	and	Animal	Health	Workers	assisted	in	cross-checking	

descriptive	terms	used	for	respiratory	disease	(in	both	Amharia	and	Afan	Oromo	regional	

languages),	 by	 completing	 a	 FGD	 during	 piloting	 of	 participatory	 methods,	 and	 through	

reverse	 translation	of	questions.	 	Two	additional	pilot	FGDs	were	held	 in	Debre	Zeit	with	

owners	 and	 users	 of	 working	 horses,	 to	 ensure	 suitability	 of	 questions	 and	 tasks.	 These	

were	successful	and	the	data	collected	included	for	analysis.	

Figure	 2.1	 Location	of	 twelve	 sample	 sites	 in	 central	 Ethiopia	 (red	box	 on	 inset	map)	

involved	 in	 the	 participatory	 appraisal	 of	 respiratory	 disease	 occurring	 in	 working	

horses,	including	seven	SPANA	clinic	sites	(green	points)	and	five	non-SPANA	sites	(blue	

points).		
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Following	piloting,	two	FGD	were	held	across	12	sites	each	comprising	of	a	minimum	of	4	

and	a	maximum	of	10	people	and	lasted	approximately	one	hour.	Consent	information	was	

read	 aloud	 to	 participants	 in	 their	 selected	 language	 and	 verbal	 consent	 taken	 for	

involvement.	Ethical	approval	was	granted	by	the	University	of	Liverpool’s	Veterinary	Ethics	

committee	 (VREC78)	 and	 this	 was	 accepted	 by	 the	 College	 of	 Veterinary	 Medicine	 and	

Agriculture	at	Addis	Ababa	University	in	the	absence	of	their	own	ethics	committee.	

	

FGD	used	a	semi-structured	 interview	approach,	 involving	open	and	closed	questions	and	

ranking	 tasks	 (Table	 2.1).	 Within	 each	 FGD,	 the	 initial	 objective	 for	 each	 group	 was	 to	

discuss	 and	 document	 the	 respiratory	 syndromes	 seen	 in	 horses	 (Table	 2.1:	 Q1).	 During	

pilot	FGDs,	a	visual	chart	of	nasal	discharge	(ND)	was	developed	to	facilitate	interviews	by	

addressing	variation	in	meaning	of	local	terms	between	sites.	The	chart	was	only	shown	to	

participants	after	their	initial	description	of	any	ND	seen	(Figure	2.2).		

	

Once	 an	 exhaustive	 list	 of	 respiratory	 syndromes	 was	 agreed	 upon	 by	 group	 consensus	

(Table	 2.1:	 Q2),	 these	were	 ranked	 according	 to	 frequency	 encountered	 (Table	 2.1:	 Q3).	

Facilitators	prompted	participants	to	compare	rankings	against	every	other	syndrome	until	

the	whole	group	agreed	on	a	 final	 ranking	position.	These	 ranked	syndromes	 formed	the	

row	titles	for	a	matrix	board	(Figure	2.3).	
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Table	2.1	Focus	Group	Discussion	questions	used	with	all	groups,	including	details	of	

participatory	methods	used	for	each	response.		

Questions	 Methods	

Q1.	 What	breathing	problems	do	you	see	in	your	
horses?	

Open	description	to	form	row	headings	of	
matrix	

Q2.	 What	are	the	other	breathing	organs	and	do	you	
see	any	problems	with	these?	

Verification	of	participants	understanding	of	
Q1	and	if	Q1	has	been	fully	exhausted.	

Q3.	 Which	of	these	are	the	most	common?	 Ranking	(determines	order	in	which	rows	
appear	on	matrix)	

Q4.a	 For	each	of	these	problems,	how	long	would	you	
see	signs	lasting?	

Quantitative	estimate	(group	consensus)	and	
matrix	column	completed	

Q4.b	 Would	the	horse	be	able	to	work	while	affected?	
For	how	long	would	they	be	away	from	work?	

Quantitative	estimate	(group	consensus)	and	
matrix	column	completed	

Q5.	 How	do	you	think	the	horse	became	ill?	 Open	discussion	and	matrix	column	completed	

Q6.a	 What	would	you	do	with	an	animal	showing	signs?	 Open	discussion	and	matrix	column	completed		

Q6.b	 Do	you	try	to	prevent	your	horse	becoming	
affected?	 Open	discussion	and	matrix	column	completed		

Q7.	 Do	you	tend	to	see	some	problems	at	particular	
times	of	year,	or	do	they	occur	all	year	round?	

Open	discussion	described	with	reference	to	
climatic	seasons,	matrix	column	competed		

Q8.a	
Do	you	own	a	horse?		
What	work	does	your	horse	perform?		
What	do	you	feed	your	horse?	

Open	discussion	

Q8.b	 Where	did	your	horse	come	from	originally?		
Where	did	you	source	your	horse?	

Open	discussion	with	specific	discussion	of	
popular	breeding/trading	locations	

Q9.	
	

What	is	the	impact	to	you	if	your	horse	cannot	
work?	 Open	discussion	

	

	

Figure	 2.2	 Nasal	 discharge	 chart	 used	 to	 aid	 participants’	 description	 of	 respiratory	
syndromes	seen	in	their	working	horses:	1	 -	None,	2	-	 serous,	3	 -	mild	mucopurulent,	4	 -	
unilateral	mucopurulent,	5	-	severe	mucopurulent,	6	-	epistaxis.	
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Each	syndrome	was	then	discussed	in	greater	detail	in	order	to	elicit	key	characteristics	of	

the	 syndrome	 (forming	 column	 headings).	 These	 included	 quantitative	 estimates	 of	 the	

duration	 of	 signs	 and	 time	 spent	 away	 from	work	 (Table	 2.1:	 Q4.a,	 b).	 The	 participants’	

ideas	 around	 the	 causes	 of	 illness	 were	 explored	 by	 open-ended	 questions,	 as	 were	

descriptions	for	any	actions	taken	to	treat	or	prevent	the	illness	(Table	2.1:	Q5-6).		

	

Participants	 were	 then	 asked	 if	 there	 was	 any	 seasonal	 pattern	 to	 disease	 occurrence,	

described	with	reference	to	the	rainy	seasons	present	in	each	region	(Table	2.1:	Q7).	Basic	

information	on	ownership,	work	and	feeding	was	gathered,	as	well	as	information	on	trade	

of	horses.	Groups	finished	with	an	open	discussion	on	the	impact	of	horses	being	unable	to	

work	due	to	respiratory	disease.	After	discussions	came	to	a	close,	there	was	opportunity	

for	participants	to	ask	questions	and	a	brief	educational	talk	was	delivered,	tailored	to	the	

group’s	previous	comments	or	interests.		

	

FGD	were	 facilitated	 by	 an	 Ethiopian	 Animal	 Health	Worker	 experienced	 in	 participatory	

epidemiology.	 Discussions	were	 held	 in	 one	 of	 two	 regional	 languages	 (Amharic	 or	 Afan	

Oromo)	 as	preferred	by	 the	participants.	 Translations	of	 responses	were	provided	 to	 the	

author	 at	 suitable	 breaks	 in	 discussion	 so	 as	 not	 to	 disrupt	 conversation	 but	 to	 allow	

additional	 questions	 to	 be	 posed	 and	 to	 clarify	 terms	 used	 when	 necessary.	 These	

Figure	2.3	Matrix	board	completed	in	Amharic	during	focus	group	discussion	on	types	of	

respiratory	 disease	seen	 in	 the	working	horses.	Respiratory	 syndromes	 appear	as	 row	

headings	 (red	 text),	 ranked	 according	 to	 prevalence	 and	 with	 characteristics	 of	 each	

syndrome	completing	columns	(blue	text)	of	matrix.	
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responses	were	recorded	in	a	notebook	in	English	by	the	author.	A	digital	photograph	was	

taken	of	completed	matrix	board	at	end	of	each	group	for	further	consultation.	

	

Concepts	 and	 terms	 discussed	 in	 FGD	were	 subject	 to	within-method	 triangulation	 using	

rephrasing	of	questions	and	repeated	verbal	descriptions	of	syndromes	(Chambers,	1992).	

This	was	especially	important	in	areas	of	poor	literacy	where	some	group	members	may	be	

unable	to	refer	to	the	written	contents	of	the	matrix	board	during	discussions.	Acting-out	

of	physical	 signs,	or	 further	 in-depth	description	of	 signs	was	encouraged	 throughout	 for	

any	 ambiguous	 descriptions,	 and	 group	 consensus	 sought	 on	 definition.	 The	 facilitator	

guided	conversation	 to	ensure	all	questions	were	addressed	 in	each	 session	but	allowing	

for	 each	 group	 to	 follow	 locally	 relevant	 themes,	 using	 the	matrix	 board	 as	 a	 reference	

point	for	deeper	exploration	and	comparison.		

	

Respiratory	syndromes	were	recorded	as	a	list	of	observed	clinical	signs	or	under	a	locally	

recognised	name,	with	 a	written	description	of	 signs	 associated	with	 the	 condition.	 	 The	

frequency	of	identification	of	each	syndrome	was	calculated	at	the	group-level	and	at	the	

location-level.	The	overall	ranking	position	for		each	syndrome	was	calculated	by	way	of	a	

scoring	system,	whereby	a	1st	place	rank	would	score	6	points	 (as	 this	was	 the	maximum	

number	of	 syndromes	 identified	by	any	one	group),	2nd	place	5	points,	3rd	place	4	points	

and	so	on	for	each	group.	

	

The	 overall	 frequency	 of	 individual	 clinical	 signs	 (identified	 in	 the	 description	 of	 the	

syndrome)	was	also	evaluated	across	all	groups.	A	network	diagram	was	used	to	provide	a	

representation	of	how	these	signs	appeared	in	combination	(co-reporting).		

	

Qualitative	data	on	the	causes	of	disease,	treatment	and	prevention	actions	was	manually	

coded	using	an	inductive	approach	to	summarise	responses,	which	was	repeated	to	ensure	

consistency	 and	 thoroughness	 of	 code	 allocations.	 These	 codes	 identified	minor	 themes	

arising	 from	 responses	 and	 formed	 the	 basis	 for	 abstraction	 of	 major	 themes	 using	

thematic	analysis	(Braun	and	Clarke,	2006)	as	has	been	used	successfully	elsewhere	(Okell	

et	al.,	2013;	Scantlebury	et	al.,	2015).	This	method	was	also	applied	to	a	general	discussion	

of	the	impact	of	a	sick	horse	not	being	able	to	work.		
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Results	

	

Twenty-six	 focus	 group	 discussions	 with	 170	 participants	 took	 place	 across	 12	 sites	 in	

central	 Ethiopia.	 Sites	were	 from	a	 range	of	 agro-economic	 and	 climatic	 regions,	 ranging	

from	arid	lowland	to	temperate	highland	areas,	and	included	rural	and	urban	settlements	

with	 substantial	 horse	 populations.	 Attendance,	 following	 invitation,	 was	 73%	 across	 all	

(SPANA	and	non-SPANA)	sites,	but	with	mostly	male	attendees	(96%,	n=164).		

The	majority	of	participants	(95%,	n=162)	owned	their	animal	and	used	them	to	pull	a	cart	

(carrying	people	or	goods).	In	rural	highland	areas	there	was	a	greater	proportion	of	saddle	

horses	used	 for	 transport	purposes,	or	occasionally	as	ceremonial	or	pack	animals,	or	 for	

agricultural	 tasks.	 A	 small	 number	 (5%,	 n=8)	 of	 participants	 did	 not	 own	 a	 horse	 but	

regularly	hired	one	for	use	with	a	cart.	

	

A	range	of	respiratory	syndromes	were	readily	identified	and	described	by	each	group	and	

recorded	as	a	combination	of	the	clinical	signs	displayed,	or	by	a	locally	recognised	name.		

Twenty-one	different	clinical	signs/local	names	were	used	to	describe	the	syndromes	and	

are	presented	with	abbreviations	in	Table	2.2.		

	

	

	

Code	 Freq.		 Description	

AHS	 9	 African	horse	sickness	(periorbital	swelling,	yellow/frothy	ND,	quickly	fatal)	
AP	 1	 Inappetance	
BCS	 3	 Body	condition	loss	
BIRD	 1	 “Bird”	(meaning	cold)	musculoskeletal	form	presents	as	stiffness	after	work	
C	 54	 Cough	
D	 6	 Dull	
EX	 10	 Exhaustion	(have	to	stop	at	work)	
EZL	 3	 Epizootic	lymphangitis	(nasal	form	with	characteristic	lymphatic	lesions)	
LN	 9	 Lymphadenopathy/swollen	throat/facial	swelling	
N	 1	 Facial/nasal	nodules	(burst	or	intact)	 	
ND	 1	 Thin	watery	yellow	nasal	discharge	(not	on	chart)	
ND2	 15	 Serous	nasal	discharge	(ND)	 	
ND3	 4	 Mild	bilateral	mucopurulent	nasal	discharge	
ND4	 2	 Unilateral	mucopurulent	nasal	discharge	
ND5	 3	 Severe	bilateral	mucopurulent	nasal	discharge	
ND6	 11	 Epistaxis	
O	 1	 Other	(water	flows	from	nostrils	only	when	drinking)	
RR	 23	 Altered	respiration	
SN	 3	 Sneezing/snorting	
SW	 1	 Sweating	
TN	 1	 Tick	“nift”	(swollen	eyes,	recover	with	rest)	

Freq.	–	Frequency	of	times	sign	mentioned	

Table	2.2	Clinical	signs	identified	during	focus	group	discussions	of	respiratory	syndromes	

seen	in	the	working	horses.	Twenty-one	different	clinical	signs	were	coded	and	details	of	

descriptions	(where	applicable)	are	shown	in	the	table	in	alphabetical	order.	
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A	cough	was	commonly	reported	both	in	isolation	and	in	combination	with	various	types	of	

nasal	discharge,	altered	respiration,	enlarged	cranial	lymph	nodes	and	a	dull	demeanour;	as	

well	 as	 being	 seen	 to	 affect	 animals	 at	 distinct	 times	 of	 the	 day	 such	 as	 night,	 work	 or	

during	feeding.	Many	types	of	nasal	discharge	were	frequently	reported	including	epistaxis.	

A	 disease	 with	 ‘swollen	 eyes’	 and	 ‘yellow	 frothy’	 nasal	 discharge	 known	 locally	 as	

‘suddenly’	 or	 ‘day-night’	 disease	 (due	 to	 rapidity	 of	 death	 for	 horses)	 was	 identified	 as	

being	 synonymous	with	 the	 respiratory	 form	of	African	Horse	 Sickness	 (AHS).	One	 group	

described	a	condition	caused	by	the	bite	of	a	tick	which	was	similar	to	AHS,	with	swollen	

eyes	 and	 a	 ‘thin	 yellow’	 nasal	 discharge,	 but	 referred	 to	 it	 as	 tick	 “nift”	 (meaning	 nasal	

discharge)	and	defined	it	as	a	different	disease	syndrome	to	AHS	as	horses	would	recover	

following	 rest.	 “Bird”,	 literally	meaning	 cold,	was	 also	 described	 in	 another	 participatory	

study	conducted	in	the	same	region	of	Ethiopia	(Stringer	et	al.,	2016)	as	stiffness	following	

work	and	is	suggestive	of	equine	exertional	rhabdomyolysis;	but	here	owners	also	used	the	

term	to	refer	to	coughing	and	serous	nasal	discharge	after	work.	One	owner	explained	that	

there	were	 different	 forms	of	 “bird”:	 here	we	use	 “bird”	 to	 indicate	 the	musculoskeletal	

form.	 Exhaustion	 was	 also	 referred	 to	 as	 exercise	 intolerance	 and	 described	 as	 altered	

breathing	 at	work	meaning	 the	horse	had	 to	 stop,	 but	with	 a	 quick	 recovery	 following	 a	

short	rest.	Burst	or	intact	nodules	or	swellings	around	the	head	were	categorised	into	those	

affecting	the	throat	(i.e.	submandibular	or	parotid	lymph	nodes	(LN)),	and	those	inside	the	

nostrils.	Where	these	were	also	accompanied	by	characteristic	 lesions	over	 lymph	vessels	

elsewhere	 on	 the	 horse	 and	 described	 by	 participants	 as	 “nidift”	 (the	 local	 term	 for	

Epizootic	Lymphangitis	(EZL))	they	were	classified	as	such	(EZL).	One	participant,	however,	

described	the	occurrence	of	nasal	nodules	in	isolation	(N).	Participants	described	‘sneezing’	

during	 feeding,	 drinking	 or	 at	 work,	 causing	 the	 horse	 to	 ‘fall	 to	 the	 side’.	 On	 further	

probing	 and	 acting	 out	 of	 this	 term	 it	 appears	 a	 translation	 to	 snorting	 seemed	 more	

appropriate.	Non-specific	 signs	 of	 ill	 health	 also	 featured	often,	 such	 as	 dull	 demeanour,	

sweating,	or	loss	of	appetite	or	body	condition.		
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The	 most	 frequently	 mentioned	 signs	 of	 respiratory	 disease	 were	 cough,	 altered	

ventilation,	 bilateral	 mucopurulent	 nasal	 discharge	 (severe),	 serous	 nasal	 discharge	 and	

epistaxis	(see	Appendix	B	for	frequency	of	all	 individual	clinical	signs	by	 location).	The	co-

reporting	of	these	signs	as	described	by	participants	was	considered	as	forming	a	disease	

syndrome.	The	combination	of	 co-reported	signs	within	a	 syndrome	was	 illustrated	using	

network	 analysis	 (Figure	 2.4).	 For	 example,	 coughing	 (C)	 was	 frequently	 mentioned	

(represented	 by	 a	 large	 node),	 but	was	 often	 the	 only	 sign	 of	 disease	 (represented	 by	 a	

heavy	 weight	 line	 looped	 back	 on	 itself).	 Coughing	 was	 also	 commonly	 reported	 in	

combination	 with	 mucopurulent	 nasal	 discharge	 (ND5)	 or	 altered	 respiration	 (RR).	 A	

mucopurulent	nasal	discharge	was	frequently	identified	and	often	occurred	with	a	swollen	

Figure	 2.4:	 Respiratory	 syndromes	 were	 reported	 as	 combinations	 of	 clinical	 signs.	

Each	node	represents	a	single	clinical	sign.	Lines	between	the	nodes	show	where	signs	

appeared	together	within	a	syndrome.	A	loop	back	to	the	same	node	indicates	a	sign	

that	occurred	in	isolation	(as	the	only	sign	featured	in	a	syndrome).	The	node	size	and	

line	weights	 are	 proportional	 to	 the	 frequency	 that	 each	 clinical	 sign	was	 reported.	

Any	syndromes	identified	only	once	were	excluded.		

Key	
C					-						Cough	
RR			-				Altered	respiration	
AHS	-		African	Horse	Sickness	
EX				-				Exhaustion	
LN				-				Lymphadenopathy	
D						-				Dull	
BCS		-	Body	condition	loss	
ND2	-	Serous	nasal	discharge	
ND3	-	Mucopurulent	ND	
(mild)	
ND5	-	Mucopurulent	ND															
(severe)	
ND6	-		Epistaxis	

ND6 
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throat	 suggestive	 of	 cranial	 lymph	 node	 enlargement	 (LN)	 as	 might	 be	 seen	 with	

Stretococcus	 equi	 equi	 infection	 (Strangles),	 although	 there	 was	 no	 local	 name	 for	 this	

syndrome	and	no	clear	syndrome	was	defined	in	discussions.		

	

In	 total,	 44	 unique	 respiratory	 syndromes	 were	 identified	 across	 the	 26	 groups.	 Groups	

identified	between	2	and	6	syndromes	as	present	in	their	area.	Syndromes	were	prioritised	

using	three	approaches:	the	number	of	groups	listing	the	syndrome,	number	of	sites	listing	

the	 syndrome,	 and	 the	 overall	 rank	 score.	 These	 are	 shown	 in	 Table	 2.3.	 Details	 of	 the	

clinical	signs	making	up	each	syndrome	are	shown	in	Appendix	A,	with	frequency	of	groups	

and	 locations	 identifying	 that	 syndrome,	 and	 how	 highly	 it	 was	 ranked	 for	 perceived	

prevalence.	There	are	some	syndromes	(shown	in	Appendix	A)	with	very	similar	component	

clinical	signs.	

		
	
	

	

	

A	cough	(non-specific	time	of	occurrence),	continuous	cough	(cough	occurring	throughout	

day/night),	 exhaustion	with	altered	 respiration,	 serous	nasal	discharge	 (with	and	without	

co-occurrence	 of	 cough),	 and	 epistaxis	 were	 all	 frequently	 identified	 syndromes	 and	

considered	the	most	prevalent	forms	of	respiratory	disease.		

	

These	 commonly	 seen	 respiratory	 syndromes	 identified	 by	 owners	 and	 users	 of	working	

equids	were	triangulated	with	results	of	the	pilot	FGD	with	SPANA	veterinary	surgeons	and	

Frequency	by	group	(n=26)	 					Frequency	by	location	(n=12)	 Ranking	Position*	

1	 Cough	 1	 Epistaxis	 1	 Cough	
2	 Epistaxis	 2	 Serous	ND	 2	 C	(continuous)	
3	 Exhaustion	+		RR	 3=	 Cough	 3	 Exhaustion	+RR	
4=	 C	(continuous)	 3=	 C	+	Serous	ND	 4	 Serous	ND	
4=	 Serous	ND	 5=	 C	(at	night)	 5	 Epistaxis	
	 	 5=	 C	(continuous)	 	 	
	 	 5=	 Exhaustion	+	RR	 	 	

Table	2.3:	The	5	most	frequently	reported	and	highest	ranked	syndromes	calculated	at	

group-level,	location-level,	and	based	on	the	rank	score	allocated	by	participants	for	

perceived	prevalence.	

C	=	cough,	ND	=	nasal	discharge,	RR	=	altered	respiration	*Ranking	Position:	Each	group	ranked	
syndromes	in	order	of	perceived	prevalence.	Ranking	position	calculated	based	on	a	score	where	1st	
place	received	6	points,	2nd	place	5	points,	3rd	4points	etc.		
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Animal	Health	Workers	(n=10).	The	staff	ranked	coughing	and	coughing	with	an	ND	as	the	

two	most	frequently	encountered	syndromes.	There	were	a	greater	number	of	syndromes	

(n=11)	identified	by	staff	 including	some	not	identified	in	owner	FGDs	such	as	pneumonia	

due	to	drenching	or	parasites.	In	contrast	to	owner	discussion	groups,	epistaxis	was	ranked	

as	the	least	common	presentation	of	respiratory	disease.	

	

For	each	syndrome,	participants	were	asked	how	long	clinical	signs	may	last,	whether	the	

horse	was	able	to	work	during	the	illness,	and	if	not	how	much	time	the	horse	would	need	

to	 be	 rested.	 Figure	 2.5	 shows	 the	 responses	 to	 these	 questions,	 associated	 with	 each	

clinical	 sign.	 Circle	 size	 represents	 the	 number	 of	 times	 a	 clinical	 sign	 featured	 in	 the	

different	duration	categories.	There	was	variation	 in	the	description	of	duration	for	many	

of	the	clinical	signs.	

	

As	already	described,	AHS	had	a	short	duration	but	high	case	fatality.	Signs	of	exhaustion	

were	common	but	also	short	in	duration,	requiring	little	rest	from	work.	Other	potentially	

fatal	 respiratory	 syndromes	 presented	 with	 severe	 mucopurulent	 ND,	 enlarged	 cranial	

lymph	nodes,	nasal	lesions	of	EZL	or	coughing.	Duration	of	clinical	signs	before	death	varied	

from	1d	up	 to	 a	 year.	Most	 chronic	 conditions	 had	 coughing	 as	 the	 only	 sign,	with	 75%,	

(n=40)	cases	of	coughing	lasting	over	7	days.	The	amount	of	time	a	coughing	horse	may	be	

away	from	work	was	divided	between	40%	(n=20)	not	needing	any	time	off	and	44%	(n=22)	

having	 up	 to	 a	 month	 out	 of	 work.	 After	 coughing,	 horses	 presenting	 with	 a	 severe	

mucopurulent	nasal	discharge	had	the	greatest	time	away	from	work.		
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Figure	2.5:	Duration	of	signs	(a)	and	amount	of	time	horse	unable	to	work	(b)	by	type	

of	clinical	sign	identified	in	horses	with	respiratory	disease	(years/days/hours).	The	size	

and	 colour	 of	 each	 circle	 and	 central	 number	 represent	 the	 number	 of	 times	 a	

particular	clinical	sign	was	described	in	each	category	with	totals	for	each	sign	shown	

on	axis	(n).	Overlapping	circles	do	not	indicate	any	relationship.		
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Participants	volunteered	possible	causes	for	92	of	the	101	syndromes	identified,	which	can	

be	 grouped	 under	 three	 main	 themes	 shown	 in	 Figure	 2.6:	 communicable	 disease,	

environmental	 conditions,	 and	management	 factors.	Participants	described	 the	 spread	of	

disease	 from	 sick	 to	 healthy	 horses	 via	 direct	 and	 indirect	 transmission.	 Examples	 given	

were	 by	 sharing	 feeding	 areas,	 drinking	 points	 and	 bits,	 as	 well	 as	 airborne	 and	 fly	

transmission	routes.	Flies	were	said	to	cause	an	allergic	reaction	in	horses	(EZL)	by	injecting	

the	nectar	of	the	Basana	tree.	Two	other	groups	identified	the	time	of	year	that	the	Basana	

tree	 flowers	 as	 a	 seasonal	 indicator	 for	 higher	 disease	 risk	 of	 AHS	 (which	 could	 be	

prevented	by	vaccination).	Allowing	horses	 to	graze	 ‘lush	green	grass’	was	 identified	as	a	

risk	 for	African	Horse	 Sickness,	 or	 syndromes	with	 a	 severe	bilateral	mucopurulent	 nasal	

discharge	 with	 lymphadenopathy	 and/or	 cough.	 One	 group	 specified	 that	 only	 lowland	

grass	was	 a	 concern	and	 three	groups	avoided	 letting	horses	 graze	 lush	 green	grass	 as	 a	

preventative	measure.		

	

People	described	the	ill	effects	of	hot	weather	or	extreme	sunlight	to	their	animals	and	the	

risks	of	a	hot	or	sweating	horse	being	exposed	to	cold	wind	or	breathing	 in	cold	air.	One	

man	described	small	openings	appearing	on	a	horses	skin	when	a	horse	works	and	gets	hot	

being	vulnerable	to	washing	with	cold	water.	Two	groups	 identified	respiratory	disease	 in	

horses	 after	moving	 from	 a	 highland	 climate	 to	 a	 lowland	 climate,	 often	 at	 the	 time	 of	

sale/purchase	as	horses	move	from	breeding	areas	to	towns.		

	

High	quantities	of	dust	in	the	environment,	especially	on	roads	during	work,	were	seen	as	

causing	disease.	Exposure	to	dust	was	also	from	housing	and	grazing	on	dusty	ground.	Poor	

quality	“fruska”	(wheat	bran)	was	described	as	powder-like	and	dusty	and	causing	a	cough.	

Provision	of	decomposing	hay	or	dirty	water	was	also	a	source	of	disease.	Poor	husbandry	

by	not	providing	enough	food,	water	or	shelter	to	a	horse	was	also	problematic,	with	thirst	

being	 seen	 to	 lead	 to	 AHS.	 Owners	 felt	 saddle	 horses	 required	 a	 greater	 level	 of	 care,	

requiring	a	clean	individual	stable	(defined	by	owners	as	a	shelter	with	4	walls	and	a	roof)	

to	be	healthy.	One	group	blamed	a	 syndrome	on	 the	use	of	pesticides	on	crops	used	 for	

hay:	 severe	bilateral	mucopurulent	nasal	discharge,	 coughing	and	altered	 respiration	was	

described,	which	had	not	been	seen	before	the	use	of	the	pesticide.	

	

	In	the	highland	towns	leeches	were	a	concern,	being	picked	up	by	horses	when	allowed	to	

drink	stagnant	or	dirty	water	and	causing	epistaxis.	It	was	unclear	whether	‘leeches’	could	
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also	refer	to	blood	clots	falling	from	nostrils	after	an	episode	of	epistaxis.	Another	cause	of	

epistaxis	was	owners	and	users	physically	beating	their	horse.		

	

Overworking	the	horse	by	going	too	fast,	especially	up	steep	hills,	overloading	the	cart	or	

working	 too	 long	without	 rest	 was	 also	 reported	 to	 cause	 illness.	 ‘Internal’	 problems	 or	

problems	with	the	heart	or	lungs	were	described	as	leading	to	illness	such	as	‘heart	attack’,	

chronic	coughing	or	‘asthma’.	
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When	asked	to	discuss	treatment	and	prevention,	there	were	fewer	volunteered	responses	

than	 for	 the	 causes	 of	 disease.	 There	 was	 also	 some	 confusion	 defining	 preventative	

actions	compared	with	actions	taken	to	treat	a	sick	horse.	Figure	2.7	separates	treatment	

action	 into	 3	 main	 themes;	 seeking	 veterinary	 advice	 at	 a	 clinic,	 making	 management	

changes	 in	 response	 to	 disease,	 or	 using	 a	 non-veterinary	 delivered	 treatment.	 Some	

syndromes	 had	 multiple	 treatment	 actions	 (as	 all	 suggestions	 in	 the	 group	 were	

documented),	which	may	be	mutually	exclusive	or	used	in	combination.		

	

Around	3	in	every	10	groups	mentioned	seeking	veterinary	attention	for	a	horse	suffering	

respiratory	 disease	 (29%,	 n=35)	 attending	 either	 a	 SPANA	 or	 government-run	 clinic	

depending	on	availability	of	services.	This	may	have	been	the	initial	response	to	an	ill	horse	

(1st	choice),	or	a	self-administered	treatment	or	management	change	might	be	made	first	

and	 followed	up	with	 attention	 at	 a	 veterinary	 clinic	 if	 unsuccessful	 (2nd	 choice).	Owners	

also	described	vaccine	administration	at	 clinics.	On	 further	probing	 it	was	 found	 that	 the	

term	 ‘vaccination’	was	used	 for	any	 syringe-delivered	medicine	at	 the	clinic	and	 included	

both	AHS	vaccine	delivered	 intra-muscularly	 in	 the	neck	and	deworming	 treatment	given	

orally.	One	owner	 complained	 that	 the	 government	 clinic	was	never	 able	 to	offer	 a	 cure	

(for	EZL)	but	he	still	attended	with	his	horse.	Uptake	of	free	AHS	vaccination	(available	at	

any	 government	 or	 SPANA	 clinic)	 was	 less	 than	 30%	 and	 it	 was	 only	 considered	 the	

responsibility	 of	 the	 horse	 owner	 and	 not	 that	 of	 a	 driver	 hiring	 a	 carthorse	 to	 drive.	

Participants	 raised	 concern	 that	 government	 clinics	 did	 not	 offer	 vaccination	 until	 it	was	

too	 late	 to	 prevent	 many	 horses	 being	 affected.	 A	 larger	 proportion	 of	 participants	

reported	to	regularly	pay	for	and	value	anthelmintic	treatment,	administered	at	clinics	per	

os	(ivermectin	injectable),	or	bought	over-the-counter	deworming	granules	(fenbendazole)	

from	veterinary	pharmacies,	sometimes	referring	to	 it	as	a	 ‘fattening	 injection’.	However,	

participants	did	not	consider	this	a	treatment	or	prevention	action	for	respiratory	disease.	

	

Among	 the	 non-veterinary	 administered	 treatments,	 drenching	 via	 the	 nostril	 or	 per	 os	

with	egg	was	common.	The	use	of	a	rotten	egg	was	considered	superior	 ‘to	clear	out	the	

throat’.		Smoking	was	frequently	reported	and	described	as	holding	the	horse’s	head	above	

burning	blankets/rubbish/cactus	to	inhale	the	smoke	to	clear	illness.	Drenching	with	other	

plant	products	such	as	tobacco	leaves	or	“Karbarecho”	root	was	also	suggested.	One	group	

described	a	 successful	 early	 treatment	or	 vaccination	protocol	 for	African	Horse	 Sickness	

using	a	 local	plant	“endod”	which	‘should	be	crushed	and	drenched	into	the	nostril	and	a	
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small	 amount	 into	 the	 ears’.	 Another	 treatment	 for	 AHS	 involved	 branding	 ‘over	 the	

swollen	cheek’	and	then	bleeding	by	‘pull[ing]	out	tongue	and	turn[ing]	over	to	cut	the	dark	

vein’	but	 this	was	only	considered	effective	early	 in	disease.	 If	 this	 failed	 then	 the	owner	

recommended	taking	the	horse	to	the	clinic.	A	lowland	group	also	suggested	‘branding	over	

swollen	eyes	at	first	sign	of	disease’	for	AHS	but	that	attending	the	government	clinic	(non-

SPANA	 town)	afterwards	was	not	an	option,	as	 they	will	be	 refused	 treatment	 if	 there	 is	

evidence	of	recent	branding.	In	two	SPANA	clinic	towns,	participants	listed	the	old	methods	

of	treatment	would	have	been	to	‘smoke	with	chickpea	hay’	or	‘drench	with	rotten	egg’	but	

now	they	would	visit	SPANA	clinics	instead.	However,	the	use	of	‘traditional	medicine’	was	

also	proposed	across	SPANA	clinic	sites	as	a	first	line	of	treatment	so	there	does	not	appear	

to	be	a	 clear	divide	 in	 traditional	 treatment	approaches	between	SPANA	and	non-SPANA	

sites.	

	
Participants	described	‘leeches’	that	could	be	seen	to	drop	out	of	the	nostril	of	horses	with	

epistaxis	once	a	mixture	of	milk	and	“amfar”	or	tobacco	leaves	had	been	administered,	or	

leeches	could	be	removed	manually,	but	owners	recommended	covering	hands	in	ash	prior	

to	 this	 to	 stop	 them	 biting.	 A	 more	 complex	 approach	 to	 removing	 leeches	 involved	

restricting	access	 to	water	 (may	 take	up	 to	3d)	 to	encourage	 the	 leech	 to	migrate	 to	 the	

mouth	 due	 to	 reduced	 blood	 circulation.	 The	 leech	 can	 then	 be	 removed	manually,	 the	

horse	given	water	and	allowed	to	rest.	A	strangles-like	syndrome	was	reportedly	cured	by	

‘kill[ing]	 a	 porcupine	 and	 cooking	 meat	 in	 water,	 and	 drench[ing]	 soup	 from	 this	 into	

nostril’	 but	 another	 group	 member	 disagreed	 with	 this	 and	 said	 that	 he	 should	 really	

attend	a	clinic,	although	‘there	was	no	point’	as	there	is	no	cure	available.		

	

Management	 changes	 included	washing	 or	 keeping	 the	 horse	 clean,	 especially	 of	 sweat.	

Soaking	dusty	 feed	and	buying	better	quality	 feed	or	 supplementing	with	 green	 cabbage	

leaves	or	bamboo	shoots	was	also	helpful.	Keeping	the	horse	cool	and	out	of	direct	sunlight	

was	also	desirable	and	weight	loss	might	be	beneficial	to	keep	a	fat	horse	from	getting	too	

hot.	Resting	an	ill	horse	was	also	a	common	choice	of	action	mentioned	for	17	syndromes.		

	

Many	 preventive	 actions	 suggested	 were	 based	 on	 the	 suspected	 cause	 given	 for	 that	

syndrome,	e.g.	dusty	feed	causing	a	cough	and	serous	nasal	discharge	could	be	prevented	

by	 soaking	 feed.	 Avoiding	 grazing	 lush	 green	 grass,	 providing	 clean	 water	 at	 home	 and	

providing	good	quality	 feed	with	added	salt	was	also	 thought	 to	help	prevent	 respiratory	

disease.	Reducing	workload,	keeping	the	horse	clean,	providing	adequate	shade	and	clean	
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shelter	and	supplementing	feed	with	barley	grains	were	also	recommended.	Preventing	the	

spread	 of	 disease	 by	 stopping	 your	 horse	 ‘mixing	 with	 ill	 horses’,	 and	 using	 ‘separate	

drinking	 bowls	 for	 ill	 horse’	 and	 ‘not	 feeding	 together’,	was	 advocated.	Avoiding	 contact	

with	horses	from	lowland	Awash	region	was	also	deemed	important	at	one	site.		

Owners	advised	vaccination	at	 the	clinic	 for	AHS	but	 felt	 there	might	also	be	some	cross-

protection	 from	this	vaccine	against	other	diseases	such	as	coughing.	Some	believed	that	

the	 horse	 required	 7	 days	 of	 rest	 following	 annual	 vaccination,	 and	 therefore	 did	 not	

vaccinate,	where	others	complained	the	vaccine	was	simply	unavailable	as	‘local	clinic	vets	

[were]	off	working	 in	 rural	areas	 [at]	 that	 time	of	year’.	Other	barriers	 to	vaccine	uptake	

were	 that	 owners	 reported	 only	 hearing	 about	 availability	 by	 word-of-mouth	 and	 that	

vaccination	was	only	 initiated	once	a	 case	has	been	 seen,	 so	 the	 response	 is	 too	 slow	 to	

prevent	 disease.	 Others	 said	 that	 the	 clinic	 offer	 vitamin	 injections	 ‘to	 give	 the	 horse	

power’.		
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Figure	2.8:	Thematic	and	hierarchical	summary	of	responses	on	the	impact	on	Ethiopian	

carthorse	owners	when	their	horse	is	unable	to	work	due	to	illness.	Impacts	to	the	family	of	

the	owner,	their	animals	and	to	the	wider	community	and	were	identified.	

Can’t	afford	a	new	horse	&	must	change	
business: 
	-	May	have	to	stop	cart	business	if	can’t	afford	
replace	horse 
-	Have	to	change	career	or	business	to	daily	labour	
-	Daily	labour	would	be	a	step	down	and	more	
tiresome	than	gharry	cart	work,	daily	labour	is	lower	
paid	than	gharry	cart	work		

Loss	of	income	for	others: 
-	No	income	for	government	as	monthly	Cart	
Horse	Tax	not	paid	
-	No	income	for	Cart	Horse	Association	for	
continued	membership		
-	CHA	may	pay	out	to	owner	if	horse	dies	in	
some	places	
-	Can’t	pay	membership	to	local	co-operatives	
or	social	associations	

What	is	the	impact	if	your	horse	cannot	work? 

Impact	on	wider	
community: 
-	Loss	of	transport	service	to	
community	
-	No	horse	for	weddings	
-	Increased	unemployment	
in	town	
-	People	may	have	to	leave	
town	to	rural	area	in	search	
of	work	
-	Impact	on	people	who	
want	to	hire	the	horse	to	
drive	with	cart	
-	Impact	on	person	wanting	
to	loan	cart	to	drivers				

Impact	on	Family: 
-	Horse	is	pillar	of	family	
-	Cart	horse	is	source	of	income	for	whole	
family	
-	Horse	best	for	family	and	life	
-	Family	no	income	to	live	their	life	
-	Whole	family	affected	and	family	get	into	
difficulty	
	-	Whole	family	get	into	trouble	
-	If	can’t	work	then	family	become	poor	
-	May	lead	to	poverty	
-	Decreased	family	income	
-	Family	goes	into	crisis	
-	Family	goes	into	economic	crisis	
-	Great	loss	to	whole	family	
-	Pressure	on	head	of	family	(the	father)	which	
may	cause	him	to	lose	his	head	
-	Pressure	on	head	of	family	and	he	may	
become	angry	
-	Family	may	have	to	borrow	money	to	survive	

Impact	to	
animals: 
-	No	money	to	
pay	for	horse	
feed	
-	No	money	to	
pay	for	vet	or	
treatment	
-	No	money	for	
other	dependent	
livestock	(sheep	
&	cows)	

Financial	implications	to	family: 
-	Can’t	pay	for	house	rent	/	school	fee/	health	fee	
-	Can’t	pay	for	food	for	family	(also	linked	with	increased	costs	of	food	as	unable	
to	benefit	from	discounted	bulk-bought	oil	and	sugar	etc.	from	co-ops/CHAs)	
-	Can’t	pay	for	milk	for	children	
-	Can’t	afford	replacement	horse:	replacement	horse	cost	very	high/too	
expensive/increased	cost	
-	Can’t	pay	memberships	and	tax.	
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Participants	described	 the	 impact	of	 their	horse	being	unable	 to	work	as	having	multiple	

and	far-reaching	impacts.	Figure	2.8	shows	a	thematic	analysis	of	their	responses.	Owners	

identified	the	importance	of	the	carthorse	to	the	whole	family,	describing	it	as	the	‘pillar’	of	

the	family	and	‘best	for	family	and	life’.	Many	said	the	horse	provided	income	for	the	whole	

family	and	without	it	the	family	could	‘go	into	poverty’	and	‘crisis’.	Specific	examples	of	the	

financial	 implications	 of	 the	 horse	 not	 working	 were	 the	 family	 being	 unable	 to	 pay	 for	

food,	rent,	school	fees	or	health	care.	A	 lack	of	financial	resources	may	then	stop	owners	

being	 able	 to	 afford	 to	 replace	 their	 horse	 if	 it	 died	 -	 the	 cost	 of	 a	 horse	was	 very	 high,	

around	3000-6000	birr	(~£100-200	GBP).	Owners	explained	that	their	loss	of	income	would	

prevent	 them	 from	 paying	 membership	 to	 Cart	 Horse	 Associations	 (CHA),	 local	 co-

operatives	and	social	associations	and	that	they	would	not	be	able	to	pay	their	monthly	tax	

to	 local	 authorities	 for	 the	 carthorse	 licence	plate.	 Some	of	 these	organisations	provided	

bulk-buying	power	 for	basic	 foods	offering	oil,	 sugar	and	cereals	 at	discounted	prices	 for	

members	 meaning	 loss	 of	 membership	 carried	 additional	 financial	 penalties.	 They	 also	

expressed	concern	over	a	failure	in	provision	of	transport	services	to	the	whole	community	

if	there	was	an	outbreak	affecting	many	horses	in	a	town,	and	said	this	could	also	lead	to	

inflated	 costs	 of	 replacement	 animals.	With	 saddle	 horses,	 owners	 said	 that	 a	 sick	 horse	

might	mean	 they	 are	 unable	 to	 travel	 to	market:	 a	 2	 hour	 journey	 on	 horseback	would	

become	a	6-7	hour	walk	and	they	would	be	unable	to	carry	the	goods	back.	Loss	of	a	horse	

for	income	generation	may	mean	the	owner	needs	to	find	alternative	work.	This	was	likely	

to	be	‘manual	labour’,	which	was	seen	as	being	harder	work	and	for	‘less	money’	and	with	

a	 ‘lower	social	status’	 than	gharry	cart	work	where	owners	report	being	able	to	earn	five	

times	as	much	as	‘daily	labour’.	Participants	said	that	there	would	be	‘greater	pressure	on	

the	head	of	the	family’,	often	the	father,	who	may	‘lose	his	head’	or	 ‘become	angry’.	The	

financial	 loss	 can	 directly	 impact	 the	whole	 family,	with	 owners	worried	 that	 they	 ‘can’t	

afford	 school	 fees’,	 health	 care	 or	 ‘rent’	 and	 may	 ‘struggle	 to	 provide	 food’.	 Further	

complications	 arise	 if	 the	 horse	 was	 bought	 on	 ‘credit’	 from	 CHA	 or	 other	 source	 and	

owners’	debts	go	unpaid.	Loss	of	income	can	also	stop	owners	from	being	able	to	pay	for	

veterinary	 treatment	 for	 the	 sick	 horse	 or	 to	 provide	 feed	 while	 it	 is	 not	 working.	

Participants	also	discussed	 the	 impact	on	 their	other	 livestock	 (where	applicable),	 relying	

on	the	income	from	their	horse	to	provide	feed	and	medicines.		

	



CHAPTER	2																	
	
51	

Discussion	
	
This	 study	 provides	 empirical	 data	 on	 equine	 respiratory	 disease	 from	 the	 equid	 users’	

perspective.	 It	highlights	owners’	and	drivers’	ability	 to	 recognise	a	wide	 range	of	 clinical	

signs	and	explores	their	perceptions	for	risks	leading	to	disease.	Results	capture	lay	beliefs	

for	the	treatment	and	prevention	of	illness,	but	do	not	distinguish	between	the	sources	of	

such	 beliefs	 (Shaw,	 2002).	 Discussion	 on	 the	 value	 of	 horse	 health	 revealed	 a	 direct	 link	

between	a	horse	unable	to	work	and	negative	impact	on	human	welfare.		

	

The	research	objectives	 for	 this	study	were	originally	directed	by	stakeholders	 in	working	

equid	health	who	ranked	respiratory	disease	a	priority	concern.	Community	participation	is	

thought	to	promote	more	sustained	health	benefits	over	the	long	term	(Catley	and	Leyland,	

2001).	 The	 importance	 of	 utilising	 both	 ‘bottom-up’	 and	 ‘top-down’	 approaches	 to	

improving	animal	health	and	animal	health	services	has	been	previously	reported	(Catley	et	

al.,	2012;	Stringer	et	al.,	2015).	Research	plays	a	vital	role	in	gathering	evidence	to	inform	

policy	and	continue	development	of	these	services	(Newman,	2014).		

	

The	use	of	participatory	techniques	(including	verbal	group	discussion)	in	this	study	allowed	

for	 inclusion	 of	 non-literate	 members	 of	 the	 community,	 as	 the	 facilitator	 could	 ensure	

there	was	 no	 reliance	 on	 completion	 of	written	 tasks.	 Visual	 aids	 for	 disease	 signs	 have	

been	used	elsewhere	(Okell	et	al.,	2013;	Scantlebury	et	al.,	2015)	but	were	not	utilised	 in	

this	 study	 (with	 the	 exception	 of	 the	 nasal	 discharge	 chart)	 due	 to	 the	 difficulty	 of	

representing	individual	respiratory	signs	clearly.		

	

Participatory	approaches	to	disease	surveillance,	such	as	owner	reporting,	have	had	mixed	

success	 in	diagnosing	specific	disease	prevalence	or	health	problems	(Ireland	et	al.,	2012;	

Machila	et	al.,	2003;	McGowan	et	al.,	2010;	Upjohn	et	al.,	2013),	but	more	success	in	using	

communities	 to	 build	 a	 clinical	 picture	 of	 diseases	 present	 (Catley,	 2006).	 Other	 studies	

have	assessed	owner-reported	respiratory	signs	as	being	a	sensitive	indicator	of	underlying	

pathology	(Gerber	et	al.,	2011;	Hotchkiss	et	al.,	2006;	Laumen	et	al.,	2010;	Rettmer	et	al.,	

2015).	 	 Considering	 these	 constraints,	 this	 study	has	built	 a	 clinical	 picture	of	 respiratory	

disease	 in	 the	 population,	 careful	 to	 avoid	 emphasis	 on	 identifying	 specific	 disease	

conditions.	 Conditions	 with	 a	 local	 name	 were	 also	 broken	 down	 into	 constituent	

characteristics	 to	 ensure	 there	 were	 no	 translational	 errors,	 or	 variations	 in	 naming	

between	 towns,	 as	 has	 been	 seen	 in	 other	 research	 (Leyland,	 1994).	 There	 was	 a	 wide	
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range	of	 respiratory	syndromes	 identified	some	with	similar	co-reporting	of	clinical	 signs.	

Slight	 variations	 in	 syndrome	presentation	and	described	duration	made	 characterisation	

of	 defined	 syndromes	difficult.	 Characterisation	would	be	useful	 in	 field	 clinic	 settings	 to	

aid	 rapid	 decision	making	 for	 treatment.	 However,	 additional	 diagnostic	 tools	 should	 be	

considered	 given	 the	 potentially	 varied	 underlying	 causes	 of	 disease	 with	 similar	

presentations.	However,	 the	availability	of	 such	 tests	may	be	 limited	 in	 Ethiopia,	 even	 in	

major	towns.		

	

The	 most	 commonly	 observed	 signs	 of	 respiratory	 disease	 included	 coughing,	 altered	

breathing	 and	 different	 forms	 of	 nasal	 discharge.	 When	 comparing	 these	 to	 the	 top	

reported	 syndromes	 in	 this	 study,	 there	 was	 a	 high	 level	 of	 agreement	 (as	 could	 be	

expected).	 An	 exception	 was	 the	 frequent	 mention	 of	 a	 mucopurulent	 nasal	 discharge,	

which	did	not	 feature	 in	 the	 top	 reported	 syndromes.	 This	disagreement	may	arise	 from	

the	slight	variations	in	descriptions	of	more	complex	diseases,	which	would	be	counted	as	

distinct	 syndromes	 in	 this	 analysis.	 It	 highlights	 the	 importance	 of	 considering	 individual	

clinical	 signs	 in	 isolation	 from	 the	 syndromes	 described,	 and	 the	 combinations	 in	 which	

they	were	reported,	to	capture	a	more	complete	clinical	picture.	

	

SPANA	 clinic	 veterinary	 surgeons	 and	Animal	Health	Workers	 alluded	 to	 the	 aetiology	 of	

disease	 in	 their	 FGD	 when	 defining	 the	 syndromes	 seen	 in	 horses.	 For	 example	 they	

defined	 ‘verminous’	 as	 separate	 from	 ‘drenching’	 pneumonia.	 In	 field	 conditions	 it	 is	

difficult	 to	 achieve	 a	 definitive	 diagnosis	 for	 cases,	 especially	 with	 limited	 diagnostic	

facilities	available	in	Ethiopia	and	the	difficulty	of	case	follow-up	after	treatment	because	of	

irregular	 clinic	 days.	 Pneumonia	 also	 implies	 an	 understanding	 of	 deeper	 pathological	

changes	occurring	 in	 respiratory	disease	making	 it	difficult	 to	 compare	 staff	 responses	 to	

participant	discussions	and	highlights	the	varying	knowledge	held	by	different	stakeholder	

groups.		

	

Animal	Health	Workers	and	vets	at	clinics	are	likely	exposed	to	a	large	variety	of	respiratory	

disease	 due	 to	 the	 varied	 participant	 syndromes	 where	 veterinary	 advice	 was	 sought.	

However,	due	to	the	acute	onset	and	rapid	fatality	associated	with	the	respiratory	form	of	

AHS,	 it	may	be	assumed	 that	veterinary	 staff	may	not	encounter	 this	disease	as	often	as	

horse	 owners	 (although	 clinic	 presentations	 of	 the	 mixed	 form	 of	 AHS	 occur	 more	

frequently).	 Conflicting	 opinions	 between	 staff	 and	 participants	 on	 the	 frequency	 of	
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epistaxis	in	horses	was	also	apparent.	This	may	again	result	from	the	acute	and	short-lived	

nature	of	this	condition,	meaning	little	opportunity	for	presentation	at	clinics,	or	potentially	

recall	bias	on	behalf	of	horse	users	due	to	the	dramatic	nature	of	this	presentation.		

Some	descriptions	of	breathing	problems	by	participants	may	not	be	widely	considered	as	

representing	 an	 underlying	 disease	 process.	 For	 example,	 a	 serous	 nasal	 discharge	 was	

often	noted,	but	a	proportion	lasted	less	than	an	hour	and	required	no	rest	from	work.	This	

was	possibly,	therefore,	reporting	of	a	normal	physiological	response	to	exercise.	Another	

disputable	 ‘disease’	 syndrome	 was	 exhaustion,	 described	 as	 having	 to	 stop	 at	 work	 but	

with	a	fast	recovery	and	preventable	by	reducing	workload;	this	may	be	the	result	of	over-

exertion,	 over-loading	 or	 poorly	 fitting	 harnessing,	 and	 may	 not	 represent	 underlying	

pathology.	However,	 further	 research	 should	 still	 address	 the	aetiology	of	 this	 ‘breathing	

problem’	and	consider	how	to	reduce	the	incidence	of	these	events.		

	

Both	 acute	 and	 chronic	 forms	 of	 respiratory	 disease	 were	 identified,	 with	 most	 chronic	

conditions	 having	 coughing	 as	 their	 only	 sign.	 This	may	 fit	with	 non-infectious	 causes	 of	

respiratory	 disease	 such	 as	 equine	 asthma	 (Holcombe	 et	 al.,	 2001),	 especially	 as	 dust	

emerged	as	a	major	causative	theme	and	owners	described	a	syndrome	similar	to	‘asthma’	

in	 people	 (Bullone	 and	 Lavoie,	 2015;	 Leclere	 et	 al.,	 2011).	 Signs	 of	 infectious	 respiratory	

disease,	 such	 as	 serous	or	mucopurulent	 nasal	 discharge,	were	 commonly	described	 and	

participants	identified	the	risk	of	infectious	disease	transmission	through	a	variety	of	routes	

(Firestone	 et	 al.,	 2012).	 As	 such,	 both	 non-infectious	 and	 infectious	 causes	 of	 disease	

should	be	further	investigated.	

	

Participants	were	asked	about	the	duration	of	signs	and	how	much	rest	might	be	given	in	

an	 attempt	 to	 quantify	 the	 impact	 of	 disease	 on	 work.	 However,	 this	 approach	 did	 not	

enable	distinction	between	horses	suffering	signs	that	may	not	benefit	from	time	off	work	

to	 recover,	 and	 those	 situations	where	 rest	 during	 illness	may	 be	 helpful.	 There	may	 be	

some	 situations	 where	 time	 off	 from	 work	 was	 not	 provided	 despite	 it	 being	

recommended,	 and	 where	 this	 occurs	 there	 is	 the	 potential	 to	 prolong	 the	 duration	 of	

illness,	as	may	be	seen	with	recovery	from	influenza	(Wood	et	al.,	2007).	

Participants	 had	 many	 varied	 suggestions	 for	 factors	 causing	 respiratory	 disease.	 Some	

appeared	to	describe	cause	and	effect,	but	discussion	also	 identified	practices	that	would	

put	the	horse	at	higher	risk	of	disease	and	where	the	causal	mechanism	was	unknown.	The	

recurring	theme	of	respiratory	disease	caused	by	horses	grazing	lush	green	grass	could	be	
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related	to	the	time	of	year	that	lush	green	grass	is	available	(i.e.	at	the	end	of	rainy	season).	

This	 period	 coincides	with	 the	 seasonal	 peak	 in	 AHS	 cases	 seen	 in	 Ethiopia	 (Aklilu	 et	 al.,	

2007)	 and	 could	 perhaps	 be	 due	 to	 increased	 vector	 populations	 in	 areas	 following	

increased	 rainfall.	 Participants	 did	 suggest	 that	 this	 particular	 disease	 (due	 to	 lush	 grass)	

could	also	be	prevented	with	vaccination,	further	supporting	this	risk	being	attributable	to	

AHS.				

	

Another	 identified	 risk	 factor	 for	 disease	 was	 a	 change	 in	 environment	 or	 climate	 for	

horses,	and	this	may	be	associated	with	trade	and	movement	of	animals	between	highland	

breeding	areas	and	 lowland	urban	towns.	The	sale	of	horses	was	often	by	traders	driving	

groups	of	horses	between	towns.	Mixing	and	transport	of	groups	of	horses	is	a	known	risk	

factor	 for	 respiratory	 disease	 in	 horses	 elsewhere	 (Mumford	 et	 al.,	 1998).	 	 Another	

temperature	 related	 concern	 for	 animals	 exposed	 to	 ‘a	 cold	 wind’	 is	 a	 familiar	 concern	

around	 the	 world	 for	 humans	 ‘catching	 colds’	 and	 a	 commonly	 held	 belief	 around	

contracting	 human	 respiratory	 disease	 in	 Ethiopia	 (Gebremariam	 et	 al.,	 2011).	

Nevertheless,	 this	 is	 not	 generally	 accepted	 to	 be	 on	 the	 causal	 pathway	 for	 infectious	

upper	respiratory	diseases	such	as	the	common	cold.		

	

The	 frequency	 of	 reported	 treatment	 actions	 demonstrates	 a	 high	 level	 of	motivation	 to	

resolve	 illness.	 However,	 the	 efficacy	 of	 some	 traditional	 treatments	may	 not	 be	 proven	

and	they	may	be	delivered	without	seeking	veterinary	advice.	Barriers	to	getting	veterinary	

advice	include	lack	of	access	or	affordability	of	services,	but	it	may	also	be	that	owners	did	

not	 feel	 the	need	 to	 seek	veterinary	attention	or	did	not	value	 their	 input	as	 superior	 to	

self-administered	 treatments	 (Shelima	 et	 al.,	 2006).	 More	 in-depth	 discussion	 on	 the	

motivators	 for	 choice	 of	 treatment	 action	 may	 help	 in	 design	 of	 locally	 appropriate	

interventions	 and	 identify	 barriers	 to	 implementing	 future	 disease	 reduction.	 Traditional	

treatments	for	respiratory	disease	in	horses	included	forcing	the	horse	to	inhale	smoke	and	

drenching	 curative	mixes	 into	 the	nostril.	While	 some	 traditionally	used	plants	may	have	

some	 efficacy	 against	 equine	 infections	 (Scantlebury	 et	 al.,	 2013),	 the	 method	 of	

administration	may	cause	harm;	for	example	by	increasing	the	risk	of	pathogens	or	foreign	

material	 entering	 the	 lungs	 via	 drenching,	 or	 irritation	 of	 the	mucosal	 surface	 by	 smoke	

inhalation:	 either	 being	 unlikely	 to	 relieve	 symptoms	 (Wilkins,	 2003).	 The	use	of	 egg	 has	

been	documented	as	a	treatment	for	Tuberculosis	in	people	in	Ethiopia	(Owens,	2004)	and	

smoke	inhalation	has	also	been	used	in	the	prevention	of	animal	rabies	(Okell	et	al.,	2013).	
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The	lay-beliefs	of	owners	and	users	of	working	equids	on	the	causes	of	disease	may	help	to	

explain	 some	 of	 the	 treatment	 and	 prevention	 actions	 taken	 and	 highlights	 an	 area	 for	

educational	campaigns	to	target.	

	

Discussion	of	treatment	options	solicited	many	suggestions,	but	propositions	for	preventive	

action	were	not	forthcoming	and	provoked	confusion;	many	suggesting	that	the	choice	of	

treatment	would	 also	 be	 ‘preventive’	 of	 further	 disease.	 This	 area	 of	 confusion	 has	 also	

been	reported	elsewhere	(Heffernan,	2001).		

	

Transmission	 of	 communicable	 disease	 was	 recognised	 by	 owners,	 who	 emphasised	 the	

benefits	of	isolating	sick	animals	and	identified	the	sharing	of	equipment	as	being	a	source	

of	disease.	Despite	the	value	participants	placed	on	these	actions	in	reducing	disease,	they	

also	described	difficulties	in	implementing	them,	with	many	keeping	horses	in	shared	areas	

overnight	and	using	shared	water	access	points	throughout	the	day.	These	barriers	to	good	

biosecurity	 in	 the	 population	 should	 be	 addressed	 in	 subsequent	 disease	 prevention	

strategies.		

	

Many	 participants	 identified	 poor	 welfare	 and	 husbandry	 as	 a	 risk	 factor	 for	 respiratory	

disease	and	suggested	subsequent	management	changes	would	be	beneficial;	for	example	

providing	 adequate	 and	 clean	 food	 and	water,	 providing	 shade	 from	 sun	or	washing	 the	

horse.	 This	 demonstrated	 participants’	 knowledge	 and	 recognition	 of	 the	 value	 of	 good	

husbandry,	 but	 also	 that	 this	 was	 not	 always	 provided.	 Barriers	 to	 delivering	 good	

husbandry	should	be	considered	in	future	disease	control	strategies.		

	

Participants	often	referred	to	deworming	as	a	form	of	vaccination:	these	were	defined	as	

‘vaccination’	of	a	small	volume	 into	 the	neck	 (AHS)	or	 into	 the	mouth	 (anthelmintic)	 -	no	

other	 vaccinations	 were	 routinely	 available	 in	 Ethiopia.	 These	 definitions	 were	 readily	

understood	by	participants	and	may	prove	useful	for	subsequent	questionnaire	design	for	

investigation	of	respiratory	disease	in	these	areas.	There	were	poor	rates	of	vaccination	for	

AHS	despite	this	officially	being	provided	free	at	all	veterinary	clinics.	Barriers	to	uptake	of	

the	government-funded	AHS	vaccination	may	include	lack	of	availability	(of	vaccine	before	

any	 outbreaks	 reported,	 or	 availability	 of	 staff	 at	 government	 clinics),	 remoteness	 from	

veterinary	 clinics	 especially	 in	 rural	 areas,	 and	 cost:	 despite	 the	 vaccine	 officially	 being	

provided	free-of-charge,	some	government	services	imposed	a	fee	for	administration.		
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There	was	good	recognition	of	transmission	routes	for	communicable	respiratory	disease,	

providing	 a	 basis	 for	 building	 readily	 accepted	 intervention	 strategies	 in	 the	 future.	

Education	on	appropriate	 treatment	actions	could	help	 reduce	use	of	potentially	harmful	

practices	 and	 raise	 awareness	 of	 possible	 prevention	 strategies.	 However,	 there	may	 be	

economic	barriers	 to	equid	users	 implementing	appropriate	measures	due	 to	 reliance	on	

their	horse	for	 income	generation.	Participants	suggested	that	 income	could	drop	by	80%	

when	 horses	 were	 unable	 to	 work,	 leading	 to	 an	 inability	 to	 afford	 suitable	 care	 or	

treatment	 for	 the	 animal;	 the	 alternative	 choice	 being	 to	 continue	 to	 work	 the	 animal	

during	 ill-health;	 both	 of	 which	 could	 lead	 to	 a	 worsening	 of	 symptoms	 and	 a	 worse	

eventual	outcome.		

	

Future	disease	 control	 strategies	 should	 address	 this	 cycle	 of	 equine	 ill	 health	 leading	 to	

poverty	 (affecting	both	humans	and	animals)	 that,	potentially,	 results	 in	a	greater	overall	

burden	 of	 disease	 (e.g.	 longer	 duration	 of	 ill-health,	 long-term	 impact	 on	work	 ability	 or	

early	death).	

	

The	use	of	a	discussion	group	structure	resulted	in	a	good	level	of	engagement	generally,	

but	 there	was	 some	 variation	 between	 sites.	One	 site	 in	 particular	 (Dera),	which	 had	 no	

Cart	 Horse	 Association	 (CHA)	 or	 SPANA	 presence	 in	 the	 community,	 required	 more	

encouragement	and	effort	to	sustain	discussion	within	each	focus	group	than	at	other	sites.	

In	contrast,	Weliso	had	a	very	strong	CHA	(although	no	SPANA	community	presence)	and	

engagement	 from	CHA	representatives	and	focus	group	participants	was	excellent.	 It	was	

not	 possible	 to	 compare	 sites	 with	 or	 without	 access	 to	 any	 SPANA	 services	 due	 to	

differences	in	sampling	at	both	sites.	Selection	of	participants	for	FGDs	at	SPANA	sites	were	

from	 existing	 users	 of	 the	 free	 veterinary	 clinics	 and	 as	 such	 may	 not	 represent	 a	

comparable	sample	population.	At	these	sites,	some	responses	may	have	been	influenced	

by	 participants	 trying	 to	 provide	 a	 ‘correct’	 answer	 to	 staff	 or	 researchers,	 believing	 this	

may	affect	the	level	of	veterinary	care	available	to	them.	To	minimise	the	possible	impact	

of	 such	 beliefs,	 FGD	were	 conducted	 after	 any	 services	 from	 the	 SPANA	 clinic	 had	 been	

received	and	a	 consent	 statement	before	discussions	 tried	 to	 reassure	participants	 there	

were	no	right	or	wrong	answers.		

	

Prior	 to	 conducting	 this	 study,	 it	 was	 suspected	 that	 a	 substantial	 proportion	 of	 people	

driving	 gharry	 carts	 would	 hire	 their	 animal	 (and	 possibly	 cart	 and	 license	 plate	 also)	
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(N.Aklilu,	personal	communication).	This	was	not	reflected	 in	the	results,	 in	which	95%	of	

participants	were	horse	owners.	This	may	be	due	to	bias	in	the	sampling,	especially	where	

lists	 for	CHA	membership	or	 tax	 lists	were	used	 for	 selection	of	participants,	 so	 sampling	

methods	able	to	include	this	‘driver-only’	population	in	the	future	should	be	considered.	It	

may	be	of	 interest	to	assess	ownership	levels	of	cart-taxi	drivers	 in	subsequent	studies	as	

participants	expressed	concerns	over	drivers	 (who	hire	 their	horse)	being	 less	 invested	 in	

the	 long-term	health	 of	 their	 animal.	 This	may	 of	 course	 be	 important	 to	 the	 success	 of	

disease	reduction	strategies	in	the	future.	

	

The	sampling	methods	also	failed	to	include	many	female	participants	and	excluded	minors	

from	 involvement.	 This	 likely	 reflects	 the	 gender	 of	 people	 owning	 or	 driving	 horses	 but	

may	 not	 fully	 represent	 the	 population	 providing	 care	 for	 the	 horses.	 The	 inclusion	 of	

women	and	minors	could	therefore	provide	an	alternative	perspective	(Valette,	2014).	

	

Areas	for	further	research	should	address	the	possible	causes	of	the	described	respiratory	

syndromes.	 Consideration	 of	 infectious	 pathogens	 and	 non-infectious	 causes	 of	 disease	

should	be	included	in	any	risk	factor	analysis.		The	indicators	of	disease	described	here	can	

be	compared	to	the	outcomes	of	the	clinical	examinations	in	subsequent	studies	to	assess	

the	usefulness	of	owner	reporting	of	clinical	signs	for	surveillance	of	respiratory	disease	in	

this	population.			

	

Conclusions	

	

The	building	of	 lay-epidemiology	 (Allmark	 and	 Tod,	 2006)	 through	participatory	methods	

hopes	to	engage	communities	with	research,	and	inform	development	of	locally	applicable,	

sustainable	 solutions	 to	 respiratory	 disease	 in	 this	 population.	 	 The	 findings	 highlight	

several	 areas	 for	 educational	work	 to	 reduce	harmful	 practices,	 and	 areas	where	 further	

research	 may	 help	 to	 unravel	 causal-pathways	 of	 the	 risk	 behaviours	 identified	 by	

participants	 for	 equine	 respiratory	 disease.	 The	 study	 acquired	 knowledge	 on	 the	 terms	

used	 relating	 to	horse	 illness	by	participants,	which	will	 allow	 successful	 development	of	

questionnaires	 for	 later	 studies.	 The	 usefulness	 of	 equid	 users	 as	 a	 surveillance	 tool	 for	

respiratory	disease	can	be	assessed	by	comparison	to	veterinarian	assessed	clinical	signs	in	

later	studies.	
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Appendix	 A:	 Table	 showing	 respiratory	 syndromes	 (coded	 as	 a	 combination	 of	 the	

individual	clinical	 signs	detail	 in	Table	2.2),	with	breakdown	of	 the	three	criteria	 for	most	

prevalent:	number	of	locations	identifying	syndrome	during	FGD,	number	of	groups	overall	

identifying	and	the	overall	rank	score	assigned	by	participants	(legend	on	following	page).	

	

	

	

	

	

	

	

	

Respiratory	
syndrome	

No.	sites	
ID	

(nmax=12)	

No.	
groups	
ID	

(nmax=26)	

Ranking	
Score*	

Respiratory	
syndrome	

No.	sites	
ID	

(nmax=12)	

No.	
groups	
ID	

(nmax=26)	

Ranking	
Score*	

AHS	+	LN	+RR	+C	 1	 1	 5	 C+ND6	 1	 1	 4	

AHS	+	LN	+RR	+D	 1	 1	 3	 EX	 1	 1	 5	

AHS	+LN	+RR		 1	 1	 3	 EX	+C	+RR	 2	 2	 9	

AHS	+RR	+	C	 3	 4	 15	 EX	+RR	 4	 7	 34	

AHS	+RR	+D	 2	 2	 8	 EZL	 2	 2	 8	

BIRD	+RR	+C	 1	 1	 6	 EZL	+	LN	 1	 1	 4	

C	 5	 10	 53	 ND2	 6	 6	 29	

C	(at	feeding)	 2	 2	 10	 ND2	+	ND5	
+ND6	 1	 1	 1	

C	(at	night)	 4	 4	 21	 ND2	+RR	 2	 2	 11	

C	(at	work)	 2	 2	 11	 ND3	 1	 1	 4	

C	(continuous)	 4	 6	 36	 ND4	 1	 1	 5	

C	(intermittent)	 1	 1	 6	 ND4	+LN	+N	 1	 1	 2	

C	+	SW	 1	 1	 4	 ND5	 3	 3	 14	

C	+AP	 1	 1	 2	
ND5	(blood	
tinged)					+LN	
+D	

1	 1	 3	

C	+BCS	 1	 1	 6	 ND5	+BCS	+D	
+RR	

1	 1	 4	

C	+ND5	+ND2	 1	 1	 2	 ND5	+LN	 2	 2	 7	

C+ND2	 5	 5	 23	 ND6	 8	 9	 27	

C+ND3	 3	 3	 13	 O	 1	 1	 4	

C+ND5	 3	 4	 14	 SN	(at	drinking)	 1	 1	 4	

C+ND5	+BCS	+D	 1	 1	 6	 SN	(at	feeding)	 1	 1	 3	

C+ND5	+LN		 1	 1	 5	 SN	(fall	to	side)	 1	 1	 1	

C+ND5	+RR	(fatal)	 1	 1	 6	 TN	+ND	 1	 1	 4	

*	Rank	Score:	for	1st	place	ranking,	5	points	allocated,	2nd	place	ranking	4	points	allocated,	3rd	place	3	
points	etc.	
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Table	of	code	descriptors	for	clinical	signs	described	as	part	of	the	syndromes	identified	by	
participants.	
	

	
	
	

	
	

Appendix	B:	Table	showing	reporting	of	clinical	signs	by	location.	
		

Code	 Description	

AHS	 African	horse	sickness	(periorbital	swelling,	yellow/frothy	ND,	quickly	fatal)	
AP	 Inappetance	
BCS	 Body	condition	loss	
BIRD	 ‘Bird’	(meaning	cold)	musculoskeletal	form	presents	as	stiffness	after	work	
C	 Cough	
D	 Dull	
EX	 Exhaustion	(have	to	stop	at	work)	
EZL	 Epizootic	lymphangitis	(nasal	form	with	characteristic	lymphatic	lesions)	
LN	 Lymphadenopathy/swollen	throat/facial	swelling	
N	 Facial/nasal	nodules	(burst	or	intact)	 	
ND	 Thin	watery	yellow	nasal	discharge	(not	on	chart)	
ND2	 Serous	nasal	discharge	(ND)	 	
ND3	 Mild	bilateral	mucopurulent	nasal	discharge	
ND4	 Unilateral	mucopurulent	nasal	discharge	
ND5	 Severe	bilateral	mucopurulent	nasal	discharge	
ND6	 Epistaxis	
O	 Other	(water	flows	from	nostrils	only	when	drinking)	
RR	 Altered	respiration	
SN	 Sneezing/snorting	
SW	 Sweating	
TN	 Tick	“nift”	(swollen	eyes,	recover	with	rest)	

Debre%Zeit Adama Modjo Chefe Meteharra Akaki D.%Brehan Weliso Darian Dera Hawassa Shashemene TOTAL
AHS 1 2 2 2 2 9
AP 1 1
BCS 1 1 1 3
BIRD 1 1
C 9 4 5 4 3 3 3 6 3 7 4 3 54
D 1 1 1 1 1 1 6
EX 3 2 2 1 2 10
EZL 2 1 3
LN 3 2 2 1 1 9
N 1 1
ND 1 1
ND2 1 4 3 1 2 1 1 1 1 15
ND3 1 1 2 4
ND4 1 1 2
ND5 2 1 2 2 2 3 2 1 15
ND6 1 1 2 1 1 1 1 1 2 11
O 1 1
RR 3 3 1 1 5 1 2 3 2 2 23
SN 2 1 3
SW 1 1
TN 1 1

Clinical'
Sign

Number'of'times'clinical'sign'identified
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Introduction		

	

Respiratory	 disease,	 including	 coughing	 and	 nasal	 discharge,	 is	 a	 priority	 concern	 for	

owners	and	users	of	working	horses	in	Ethiopia	(Admassu	and	Shiferaw,	2011;	Scantlebury	

et	 al.,	 2015;	 Shelima	 et	 al.,	 2006;	 Stringer	 et	 al.,	 2016).	 A	 recent	 assessment	 of	working	

equid	 health	 (Stringer	 et	 al.,	 2015)	 identified	 three	 syndromes	with	 high	 prevalence	 and	

morbidity	 in	 working	 equids	 including	 a	 poorly	 defined	 respiratory	 syndrome.	 It	 was	

concluded	that	investigation	is	now	critical	to	determine	the	role	of	infectious	agents	in	its	

aetiology.		

	

Ethiopia	 has	 Africa’s	 largest	 equine	 population,	 which	 is	 continuing	 to	 grow	 (FAOSTAT,	

2014).	The	2	million	working	horses	are	used	in	both	urban	and	rural	environments	to	pull	

cart-taxis	 as	 “gharry”	horses	or	 ridden	as	 saddle	horses.	 They	 transport	people,	produce,	

water	 and	 building	materials	 and	 are	 an	 important	 source	 of	 income	 for	 whole	 families	

(Admassu	 and	 Shiferaw,	 2011).	 Respiratory	 disease	 is	 recognised	 as	 impacting	 ability	 to	

work	 in	equine	populations	worldwide	(Bailey	et	al.,	1997;	 Jeffcott	et	al.,	1982;	Mumford	

and	Rossdale,	1980;	Stringer	et	al.,	2016)	and	Ethiopian	owners	linked	poor	equine	health	

directly	to	their	ability	to	pay	for	essential	items	for	their	families.		

	

In	 Ethiopia,	 respiratory	 conditions	 identified	 at	 Society	 for	 the	 Protection	 of	 Animals	

Abroad	 (SPANA)	 veterinary	 clinics	 over	 a	 five-year	 period	 accounted	 for	 up	 to	 15%	of	 all	

horses	 seen,	 including	 those	 presented	 for	 routine	 veterinary	 interventions	 such	 as	

vaccination	or	deworming	(unpublished	data).	Despite	this,	there	is	very	little	literature	on	

the	 possible	 aetiology	 of	 respiratory	 disease	 in	 Ethiopia	 or	 other	 countries	 with	 a	 large	

working	equid	population.	Elsewhere	infectious	causes	of	respiratory	disease	are	common	

(Carlson	et	al.,	2012;	Diaz-Méndez	et	al.,	2010;	McBrearty	et	al.,	2013;	Pusterla	et	al.,	2011)	

and	 descriptions	 of	 respiratory	 syndromes	 from	 the	 latest	 Ethiopian	 participatory	 study	

(Chapter	 2)	 suggest	 that	 they	 should	 be	 investigated	 in	 this	 population.	 However,	

diagnostic	capabilities	in-country	mean	prevalence	data	for	major	respiratory	pathogens	is	

lacking.	 It	 is	 therefore	 difficult	 to	 speculate	 as	 to	 the	 aetiology	 of	 disease	 or	 provide	

evidence-based	recommendations	for	treatments	or	preventative	measures.		

	

The	objective	of	this	study	was	to	determine	the	prevalence	of	respiratory	signs	in	working	

horses	 in	 Ethiopia,	 and	 to	 determine	 the	 prevalence	 of	 exposure	 to	 major	 respiratory	
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pathogens	 based	 on	 serological	 assays.	Major	 respiratory	 pathogens	were	 considered	 to	

be:	 equine	 influenza	 virus	 (EIV)	 (Cullinane	 and	Newton,	 2013;	 Hans	 et	 al.,	 2012),	 equine	

herpesviruses	 -1	 (EHV-1)	 and	 -4	 (EHV-4)	 (Carlson	 et	 al.,	 2012;	 Endebu-Duguma,	 2007),	

equine	rhinitis	viruses	A	(ERAV)	and	B	(ERBV)	(Black	et	al.,	2007;	Diaz-Méndez	et	al.,	2014),	

equine	 arteritis	 virus	 (EAV)	 (Holyoak	et	 al.,	 2008;	 Timoney	and	McCollum,	1993)	 and	 the	

bacterial	pathogen	Streptococcus	equi	subspecies	equi	(Ling	et	al.,	2011;	Waller,	2013).	

	

Materials	&	Methods	

	

A	cross-sectional	study	was	conducted	across	sites	in	central	Ethiopia;	in	Oromia,	Amhara,	

and	 the	Southern	Nations,	Nationalities	and	People’s	Region	 (SNNPR).	Sites	 included	rural	

and	 urban	 ‘kebeles’	 (neighbourhoods)	 or	 ‘woredas’	 (districts)	 with	 substantial	 horse	

populations	across	lowland	(<1500m)	to	highland	(>2300m)	climatic	regions.	Sampling	took	

place	between	August	and	December	2013.	Sites	selected	were	those	twelve	visited	during	

a	 previous	 participatory	 study	 (Chapter	 2),	 which	 included	 SPANA’s	 seven	 regular	 clinic	

sites.	In	order	to	capture	greater	diversity	of	subject	age	and	gender,	an	additional	six	sites	

were	 selected	 after	 being	 described	 by	 participants	 as	 breeding	 areas	 or	 towns	 along	

horse-trading	routes.		

	

Ethical	 approval	 for	 this	 study	was	 granted	by	 the	 Ethics	 Committee	 at	 the	University	 of	

Liverpool	(VREC89a).	Informed	consent	for	questionnaire	administration	(Appendix	A)	and	

sample	 collection	 was	 sought	 verbally	 from	 owners/drivers,	 after	 the	 study	 aims	 and	

outcomes	 were	 discussed	 with	 them	 in	 their	 local	 language.	 Horses	 were	 excluded,	 on	

welfare	grounds,	 if	they	required	immediate	veterinary	attention,	 in	which	case	a	referral	

would	be	made	to	locally	available	SPANA	or	government	veterinary	services.		

	

Literature	for	respiratory	pathogen	seroprevalence	 in	other	countries	vary	widely	(1-95%)	

(Carlson	et	al.,	2012;	Crabb	et	al.,	1995;	Diaz-Méndez	et	al.,	2010;	Endebu-Duguma,	2007;	

Ling	 et	 al.,	 2011;	 Pusterla	 et	 al.,	 2011).	 Hence,	 a	 50%	 prevalence	was	 used	 to	 provide	 a	

sample	size	estimate,	with	an	absolute	precision	of	10%	and	95%	confidence	intervals.	An	

initial	 sample	 size	 of	 97	 was	 determined	 for	 a	 simple	 random	 sample	 (Sergeant,	 2013).		

Then	 the	 sample	 size	 was	 adjusted	 for	 clustering	 of	 horses	 within	 towns.	 There	 was	 no	

existing	 literature	 on	 intra-cluster	 correlation	 (ICC)	 for	 respiratory	 infections	 in	 horse	

populations	 in	 Ethiopia	 so	 a	 best	 estimate	 of	 0.1	 was	 used	 based	 on	 ICC	 for	 infectious	
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diseases	in	other	species	in	developing	nations	(Gari	et	al.,	2012;	Mcdermott	and	Schukken,	

1994;	 Otte	 and	 Gumm,	 1997).	 A	 cluster	 size	 of	 18	 was	 deemed	 suitable	 considering	

logistical	constraints	of	sampling.	The	following	formula	(Dohoo	et	al.,	2009)		was	used	with	

an	estimated	18	horses	per	cluster:	

n'	=	n		(1+p	(m-1)),	

where	n’	=	cluster-adjusted	sample	size,	n=original	sample	size,	p	=	ICC	and	m	=	number	of	

animals	sampled	per	cluster.	Therefore,	by	sampling	18	animals	 in	each	cluster,	a	sample	

size	of	262	animals	was	required	across	at	least	15	towns.	

	

Horses	with	their	owner	or	driver	were	selected	from	a	focal	point	 in	the	town	such	as	a	

cart-taxi	 waiting	 area	 or	 parking	 area	 at	 a	 market.	 A	 systematic	 sampling	 strategy	 was	

employed	where	every	other	horse	was	selected	from	a	dynamic	queue	or	parking	place.	In	

the	 remote	 breeding	 area	 of	 Salali,	 sampling	 was	 from	 horse	 and	 owner/driver	 sets	

attending	a	 call	 for	Government	 funded	African	Horse	 Sickness	 (AHS)	 vaccination;	 and	at	

Wenchi,	 sampling	 included	 a	 saddle-horse	 waiting	 area	 targeting	 tourists	 (these	 animals	

rotated	between	cart-work	and	tourist	rides	at	this	site).	Other	sites	all	conformed	to	the	

sampling	method	described	above.	

	

A	 brief	 questionnaire	 was	 administered	 to	 drivers/owners	 to	 ascertain	 horse	 details,	

husbandry	 practices	 and	 history	 of	 respiratory	 signs	 or	 disease	 in	 the	 previous	 30	 days	

(Appendix	 B).	 The	 questionnaire	 was	 piloted	 and	 underwent	 reverse	 translation	 before	

being	administered	individually	by	a	SPANA-trained	Ethiopian	research	assistant	in	either	of	

two	regional	languages	(Amharic	or	Afan	Oromo).		Responses	were	recorded	categorically	

or	 as	 descriptions	 in	 English.	 Any	 history	 of	 respiratory	 disease	 was	 described	 by	

participants	in	their	own	words	first,	and	if	nasal	discharge	was	mentioned	then	they	were	

also	 asked	 to	 select	 the	 type	 from	 a	 photographic	 chart	 (Figure	 3.1)	 developed	 during	 a	

previous	participatory	study	(Chapter	2).		

	 	

Figure	 3.1	Nasal	 discharge	 chart	 used	 to	 aid	 participants’	 description	 of	 respiratory	
syndromes	seen	in	their	working	horses:	1	-	none,	2	-	serous,	3	-	mild	mucopurulent,		
4	-	unilateral	mucopurulent,	5	-	severe	mucopurulent,	6	-	epistaxis.	
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A	brief	clinical	examination	 (CE)	was	performed	by	the	author	 (GL),	a	veterinary	surgeon,	

and	 included:	estimation	of	age	based	on	dentition	according	to	Richardson	et	al.	 (1995),	

body	condition	score	(BCS,	scale	0-5)	according	to	Carroll	&	Huntington	(1988),	description	

of	 any	 nasal	 discharge	 (ND)	 and	 breathing	 characteristics,	 thoracic	 auscultation,	 cranial	

lymph	 node	 assessment,	 and	 rectal	 temperature.	 Also	 recorded	 was	 information	 on	

harness	fit	where	this	was	a	possible	cause	for	respiratory	obstruction	from	the	chest	strap,	

girth	or	throat	lash.	

	

Jugular	 blood	 samples	were	 collected	 into	 sterile	 plain	 and	 EDTA	 evacuated	 tubes.	 Plain	

blood	samples	were	stored	upright	at	ambient	temperature	(~22°C)	and	serum	harvested	

within	 48hrs.	 Serum	 was	 heat	 treated	 at	 56°C	 for	 30	 mins,	 then	 stored	 at	 4°C	 until	

transported	for	storage	to	the	UK	at	-20°C.	Manual	packed	cell	volume	(PCV)	was	measured	

from	 EDTA	 blood	 using	 a	 microhaematocrit;	 and	 measurement	 of	 total	 plasma	 protein	

(TPP)	was	performed	using	a	refractometer.		

	

All	samples	were	analysed	by	the	author	at	the	Animal	Health	Trust,	Newmarket,	UK	(AHT).	

Serological	 tests	 were	 run	 in	 accordance	 with	 the	 laboratory’s	 Standard	 Operating	

Procedures	(SOP),	with	the	exception	of	the	commercially	available	influenza	kit,	which	was	

conducted	 according	 to	 the	manufacturer’s	 guidelines.	All	 samples	were	 run	 in	 duplicate	

with	positive	and	negative	controls	on	each	plate.	Serum	underwent	freeze-thaw	cycles	no	

more	 than	 3	 times.	 Table	 3.1	 summarises	 the	 serological	 methods	 used.	 Enzyme-linked	

immunosorbant	assay	(ELISA)	for	S	equi	targeted	antibodies	to	two	surface	antigens	A	and	

C	 (AgA	and	AgC),	 resolving	concerns	over	cross-reaction	with	antibodies	 to	Streptococcus	

zooepidemicus	(Robinson	et	al.,	2013).	ELISA	optical	density	(OD)	changes	were	considered	

relative	 to	 both	 positive	 and	 negative	 controls.	 Samples	 positive	 to	 EAV	 on	 ELISA	 were	

subject	to	virus	neutralisation	test	(VN)	in	accordance	with	AHT	protocols	to	identify	false	

positive	results	possible	with	the	ELISA	(Cook	et	al.,	1989;	Lang	and	Mitchell,	1984).	Final	

prevalence	 is	 based	 on	 VN	 results.	 Complement	 fixation	 techniques	 (CFT)	modified	 from	

Thomson	 et	 al.	 1976	 were	 used	 to	 determine	 serum	 antibody	 titres	 to	 EHV-1/-4	 and	

ERAV/ERBV.	Controls	for	cross-reaction	between	test	antigens	and	sample	antibodies	to	all	

four	viruses	were	in	place.	Controls	for	anti-complementary	activity	of	each	serum	sample	

were	taken	into	account	when	reporting	final	antibody	titres.		
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As	 no	 equine	 influenza	 strain	 information	 exists	 for	 Ethiopia,	 serology	 for	 EIV	 used	 a	

multispecies	 Influenza	 A	 competitive	 ELISA	 (IDVet-Innovative	 Diagnostics,	 France)	

(Kittelberger	et	 al.,	 2011),	with	a	 reported	95%	 sensitivity	 and	79%	 specificity	 (Tse	et	 al.,	

2012).	 Manufacturer’s	 guidelines	 were	 adapted	 by	 introducing	 an	 initial	 sample/buffer	

mixing	 step	 and	 addition	 of	 a	 strong	 and	 weak	 positive	 control	 from	 AHT	 library	 serum	

(H7N7	Prague/56,	H3N8	Miami/63	and	H3N8	Newmarket/2/93).	Percentage	inhibition	(PI)	

was	 calculated	 from	 OD	 of	 sample	 and	 negative	 control	 (largest	 colour	 change).	 Any	

samples	 showing	 percentage	 inhibition	 <100%	 were	 subsequently	 tested	 using	

haemagluttinin	 inhibition	 for	 known	 equine	 influenza	 strains	 (H7N7	 Prague/56,	 H3N8	

Miami/63	and	H3N8	Newmarket/2/93	as	the	OIE	gold	standard	(OIE,	2016a).		

	

	

Table	3.1:	Serological	tests	utilised	in	this	study	for	pathogen	detection,	and	information	on	

previously	published	methods,	test	sensitivity	and	specificity	and	criteria	for	positive	cutoff.	

	

Pathogen	 Serological	test	 Published	methods	 Sensitivity/	

Specificity	

Criteria	for	positive	

cutoff		

S	equi		 Dual	Antigen	A	&	C	

ELISA	

Robinson	et	al.,	2013	 93.3%	/	

99.3%	

Positive:	OD	≥	0.5	

Borderline:		

										OD	=	0.3-0.4	

Equine	arteritis	virus	 ELISA	 Nugent	et	al.,	2000	 96.8%	/	

95.6%	

OD	change	≥	0.5	

Virus	Neutralisation	 Timoney,	2013	 	 Neutralisation	≥75%		

Equine	herpesvirus	(1/4)	 Complement	fixation	 Thomson	et	al.,	1976	 	

	

Reciprocal	dilution	

titre	≥	1:80	

Equine	rhinitis	virus	

(A/B)	

Complement	fixation	 Thomson	et	al.,	1976	 	 Reciprocal	dilution	

titre	≥	1:80	

Equine	influenza	virus	 ELISA	

	

Kittelberger	et	al.,	2011	 95.3%	/		

79-99%	

Percentage	inhibition	

≥	55%	

Haemagluttinin	

inhibition	

OIE	2016	 Reciprocal	dilution	

titre	≥	1:32	

OD	-	Optical	Density,	ELISA	–	Enzyme-linked	immunosorbant	assay,	OIE	–World	Organisation	for	Animal	Health	

	

	

All	 questionnaire,	 clinical	 examination	 and	 haematological	 data	 were	 entered	 into	 a	

spreadsheet	 programme	 (Microsoft	 Excel,	 2010).	 Correct	 data	 inputting	 was	 visually	

verified	 for	 5%	 of	 all	 entries.	 Due	 to	 the	 sampling	 strategy	 horses	 were	 clustered	 by	
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location	 where	 sampling	 was	 conducted.	 Therefore	 prevalence	 for	 serostatus	 to	 all	

pathogens	was	adjusted	for	clustering	using	the	intercept-only	random	effects	model	with	

sample	 location	 included	 as	 a	 random	 effect.	 	 Ninety-five	 per	 cent	 confidence	 intervals	

were	calculated	as	a	function	of	the	calculated	standard	error	from	the	models.		

	

Horse-	 and	 owner-level	 associations	 with	 serostatus	 were	 investigated	 in	 univariable	

generalised	 mixed-effects	 logistic	 regression	 models	 in	 which	 geographical	 sampling	

location	was	 included	 as	 a	 random	 effect	 using	 R	 (version	 3.1.2).	 Serological	 test	 results	

were	 considered	 as	 a	 binary	 outcome	 (being	 either	 seropositive	 or	 seronegative).	

Continuous	variables	were	assessed	for	linearity	using	generalised	additive	models	(GAM).	

Any	 variables	with	no	 recorded	entry	had	a	 single	positive	 added,	 to	 allow	estimation	of	

odds	ratio.	All	variables	demonstrating	association	(p<0.25)	in	the	univariable	analysis	were	

considered	 for	 inclusion	 in	 a	 multivariable,	 multilevel	 model	 to	 identify	 risk	 factors	 for	

serostatus.	Correlation	between	variables	was	assessed	initially,	with	variables	considered	

significantly	correlated	where	correlation	coefficients	were	>0.7	and	the	variables	with	the	

greater	 p-value	 were	 omitted	 from	 further	 analysis.	 A	 backwards	 stepwise	 approach	

eliminated	 each	 variable	 manually	 until	 only	 those	 with	 a	 likelihood	 ratio	 (LRT)	 p-value	

<0.05	remained	or	where	their	removal	substantially	altered	coefficients	of	other	variables.	

Each	 eliminated	 variable	 was	 individually	 added	 back	 into	 the	 multivariable	 model	 to	

further	establish	the	best	final	model.	

	

Intra-class	correlation	coefficient	(ICC)	was	estimated	for	between-site	clustering	by	latent-

variable	method	(Goldstein	et	al.,	2002).	This	approach	assumes	variation	at	the	individual	

level	is	approximately	equal	to	(π2)/3	and	that	ICC=	varsite	/	varsite	+	(π2)/3.	

	

	

Results		

	

A	 total	 of	 19	 study	 site	 locations	 and	 395	 participants	 were	 selected,	 with	 350	 horses	

undergoing	both	clinical	examination	and	blood	sampling.	Although	the	number	of	people	

who	declined	to	participate	was	not	recorded,	 it	 is	estimated	that	 less	than	10%	declined	

involvement.	 The	 vast	 majority	 of	 participants	 (97%)	 owned	 the	 animal	 examined,	 with	

duration	of	ownership	ranging	from	2	days	to	15	years	(median	=	1	year,	IQR	0.5-3	years).	

Of	these,	over	half	(55%)	owned	only	the	horse	examined,	39%	had	a	second	horse,	and	6%	
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owned	three	or	more.	The	majority	(84%)	were	driven	as	 ‘gharry’	cart-horses,	most	citing	

their	cart	as	their	main	source	of	 income	(83%).	Median	distance	travelled	to	sample	site	

was	 2km	 (IQR	 1-5km),	 but	 nearly	 10%	 travelled	 over	 10km.	 Uptake	 of	 free	 vaccination	

(government	 funded)	 for	AHS	was	 approximately	30%,	 and	owners	 reported	 that	 43%	of	

animals	had	received	an	anti-parasitic	treatment	in	the	last	12	months.		

	

The	 vast	 majority	 (95%)	 of	 animals	 examined	 were	 male,	 with	 over	 two-thirds	 (70%)	

gelded.	Estimates	of	age	from	dentition	suggest	a	median	population	age	of	12	years	(IQR	=	

9-15	years),	but	animals	ranged	from	9	months	to	over	20	years	with	no	trend	apparent	in	

ages	of	animals	between	different	sites	or	across	increasing	elevations	(Appendix	C).		

	

Most	 horses	 (82%,	 n=286)	were	 in	moderate	 (BCS	 =	 2/5)	 or	 good	 body	 condition	 (BCS	 =	

3/5),	but	nearly	a	fifth	(18%,	n=64)	were	in	poor	or	very	poor	body	condition	(BCS	0-1/5).	

No	animals	were	overweight	(BCS	=	4-5/5).	Owners	reported	a	recent	(last	30d)	history	of	

coughing	 in	 38%	of	 cases	 (n=134),	 nasal	 discharge	 in	 7%	 (n=25:	 15	 serous,	 8	 purulent,	 2	

sanguinous),	with	3%	(n=11)	recently	suffering	other	breathing	problems.	No	animals	were	

seen	 to	 cough	 during	 clinical	 exam	 but	 6%	 had	 a	 nasal	 discharge	 (n=21:	 10	 serous,	 9	

mucopurulent,	 1	 bloody,	 1	 other).	 Five	 animals	 showed	 enlarged	 cranial	 lymph	 nodes	

(submandibular),	 but	 not	 in	 combination	with	 nasal	 discharge	 or	 pyrexia.	 Increased	 lung	

sounds	on	auscultation	were	heard	in	5%	(n=18)	of	horses.	Median	respiration	rate	was	40	

breaths/minute	 (IQR	 =	 32-48	 breaths/minute)	 up	 to	 a	 maximum	 value	 of	 ~120	

breaths/minute.	Median	heart	rate	was	48	beats/minute	(IQR	=	44-52	bpm)	with	maximum	

HR	 of	 120bpm.	Median	 Packed	 Cell	 Volume	 was	 34%	 (IQR	 =	 30-37%)	 and	 Total	 Plasma	

Protein	was	8.0	g/dL	(IQR	=	7.4-8.6	g/dL).	Due	to	the	potential	effects	of	recent	exercise	on	

these	 values,	 animals	 resting	 for	 a	minimum	of	 20	minutes	prior	 to	 examination	 (n=151)	

were	studied	 in	greater	detail	with	 results	presented	 in	Figure	3.2.	Median	values	 for	HR	

and	RR	were	not	altered	when	analysing	 this	 subset.	Measurements	 for	HR,	RR,	PCV	and	

TPP	were	compared	to	’normal’	reference	intervals	commonly	used	in	the	UK	(Knottenbelt,	

2006)	 and,	where	 available,	 to	working	 equid	 reference	 intervals	 (Pritchard	 et	 al.,	 2009).	

These	working	equid	parameters	were	set	in	accordance	with	the	recommendations	of	the	

International	Federation	of	Clinical	Chemistry	 (1987).	A	 large	number	of	Ethiopian	horses	

(88%,	n=309)	showed	plasma	protein	levels	in	excess	of	normal	UK	limits.		
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The	 results	 of	 serological	 testing	 of	 all	 samples	 after	 adjustment	 for	 clustering	 are	

presented	 in	 Table	 3.2.	 It	 is	 apparent	 that	 antibodies	 to	S	 equi	were	 the	most	 prevalent	

(8%,	n=33).	Previous	exposure	 to	equine	arteritis	virus	was	confirmed	by	VN	 in	one	case.	

Low	antibody	 titres	on	CFT	provided	evidence	of	prior	exposure	 to	equine	herpesvirus	 -1	

and	 -4	and	equine	rhinitis	A	and	B	virus	 in	half	of	 those	 tested,	but	was	not	 indicative	of	

recent	infection	(Appendix	D).	Antibodies	to	equine	influenza	virus	were	not	detected.		

Figure	3.2:	Smoothed	distribution	curves	of	clinical	parameters	for	rested	horses	(n=151),	

shown	with	comparison	to	published	reference	intervals	for	other	populations.	Upper	

and	lower	limits	for	normal	for	a	UK	horse	population	was	taken	from	Knottenbelt,	2006	

(green).	Comparison	of	haematological	values	to	those	from	another	working	equid	

population	in	Pakistan	(blue	dashes)	(Pritchard	et	al.,	2009).	2.5%	and	97.5%	percentiles	

for	this	study	population	(grey	dashes).		
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Antibody	titres	to	both	antigen	A	and	antigen	C	on	S	equi	dual	ELISA	results	are	shown	in	

Appendix	E	and	demonstrated	a	range	of	antibody	titres	to	both	Antigen	A	and	C	across	all	

ages	of	horse.	Cut-off	 levels	for	positive	results	were	set	at	≥0.5	OD,	with	33	seropositive	

horses	 identified	 across	 multiple	 sites	 (Figure	 3.5).	 There	 was	 no	 association	 between	

elevation	of	site	and	serostatus	for	S	equi	(Appendix	F).	

	

	

Table	 3.2:	 Serology	 results,	 adjusted	 for	 clustering,	 for	 respiratory	 pathogens	 in	working	

horses	 in	 Ethiopia	 (n=350).	 VN	 testing	 for	 EAV	of	 those	positive	on	 ELISA	only	 (n=17),	HI	

testing	for	EIV	of	potentially	disputable	negative	ELISA	results	only	(n=20).	

	

	

	

	

	

Pathogen	 Test	(cutoff)	 Seropositive	
(n)	

Prevalence	
(%)	

Lower	
95%	CI	

Upper	95%	
CI	

S	equi	 ELISA	(≥0.5)	 33	 8.0	 4.7	 13.1	

EAV	 ELISA	(≥0.5)	 17	 4.2	 2.1	 8.3	

	 Virus	neutralisation	(≥75%)	 1	 0.3	 <0.01	 2.1	

EIV	 ELISA	(≥55%)	 1	 0.3	 <0.01	 2.1	

	 Haemagluttinin	inhibition	(≥1:32)	 0	 0.0	 	 	

EHV-1	 Complement	fixation	(≥1:80)	 0	 0.0	 	 	

EHV-4	 Complement	fixation	(≥1:80)	 0	 0.0	 	 	

ERAV	 Complement	fixation	(≥1:80)	 0	 0.0	 	 	

ERBV	 Complement	fixation	(≥1:80)	 0	 0.0	 	 	

EAV-eq	arteritis	virus,	EIV-eq	influenza	virus,	EHV-eq	herpesvirus,	ERA/BV-eq	rhinitis	virus,	CI	–	Confidence	Intervals	
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Figure	 3.5:	 Map	 showing	 sampling	 sites	 and	 seroprevalence	 for	 S	 equi.	 Red	 points	

indicate	a	site	where	no	seropositive	horses	were	detected.	Blue	points	are	proportional	

in	size	to	the	prevalence	of	S	equi	positive	animals	detected	at	each	location.	
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Horse-	and	Owner-level	factor	associations	with	S	equi	seropositve	horses	

	

The	 results	 of	 univariable	 logistic	 regression	 analysis	 of	 clinical	 examination	 findings	 and	

questionnaire	responses	with	serostatus,	adjusted	for	clustering	within	site,	are	presented	

in	Tables	3.3,	3.4	and	3,5.		Continuous	variables	assessed	for	linearity	by	GAM	did	not	did	

not	 show	 any	 significant	 non-linear	 relationships	 (Appendix	 G).	 Following	 univariable	

analysis	 there	were	no	 significant	 associations	 between	 serostatus	 for	S	 equi	 and	 clinical	

examination	findings.	Explanatory	variables	where	p<0.25	were	considered	for	 inclusion	a	

final	multivariable	model.		

		

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	



CHAPTER	3																	
	
72	

Table	 3.3:	 Univariable	 multilevel	 logistic	 regression	 analysis	 of	 clinical	 examination	 and	

hematological	 variables	 associated	with	 serostatus	 for	 S	 equi	 in	working	 equids	 (n=350).		

Odds	ratios	and	confidence	intervals	are	adjusted	for	within-site	clustering.	Some	variables	

were	 considered	as	both	 categorical	 (this	 Table)	 and	continuous	 responses	 (Table	3.4)	 to	

avoid	 difficulties	 in	 allocating	 reference	 intervals	 for	 ‘normal’.	 Variables	with	 empty	 cells	

had	a	single	positive	result	added	to	allow	calculation	of	odds	ratio.	

	

Variable	

	 Serology	results	for	S	equi	≥0.5	

	

+	
	(%)	

-		
(%)	

Odds	
ratio	

Lower	
95%	
CI	

Upper	
95%	
CI	

Wald	p-	
value	

Signalment	 	 	 	 	 	 	 	
Sex	 gelding	 18	(55)	 217(68)	 ref	 	 	 	

	
stallion	 11	(33)	 87	(27)	 1.4	 0.6	 3.3	 0.39	

	
mare	 4	(12)	 13	(4)	 2.4	 0.5	 11.9	 0.27	

Clinical	Examination	 	
	 	

	 	 	

Nasal	discharge	 absent	 32	(97)	 293	(94)	 ref	 	 	 	

	
present	 1	(3)	 20	(6)	 0.4	 <0.01	 2.9	 0.33	

Cranial	lymph	nodes		 normal	 33	(100)	 310	(98)	 ref	 	 	 	

enlarged	 0	 5	(2)	 1.9	 0.2	 18.6	 0.60	

Respiratory	
auscultation	

normal	 33	(100)	 299	(94)	 ref	 	 	 	

abnormal	 0	 18	(6)	 0.7	 0.1	 5.4	 0.69	

Pyrexia	 <39.0°C	 32	(97)	 313	(99)	 ref	 	 	 	

	 ≥39.0°C	 1	(3)	 4	(1)	 2.7	 0.2	 29.5	 0.41	

Body	condition	score	
(0-5)	

underweight	(<2)	 4	(12)	 60	(19)	 0.6	 0.2	 1.9	 0.40	

moderate/good	(2/3)	 29	(88)	 257	(81)	 ref	 	 	 	

overweight	(>3)	 0	 0	 -	 	 	 	

Haematology	 	
	 	

	 	 	 	
Packed	cell	volume	 <30%	 2	(6)	 46	(15)	 0.4	 0.1	 2.0	 0.28	

30-46%	 31	(94)	 265	(84)	 ref	 	 	 	

>46%	 0	 6	(2)	 2.0	 0.2	 19.6	 0.55	

Total	plasma	protein	 <6.5	g/L	 0	 0	 -	 	 	 	

6.5-7.3	g/L	 2	(6)	 46	(15)	 ref	 	 	 	

>7.3	g/L	 31	(94)	 271	(85)	 3.7	 0.8	 17.3	 0.10	

CI	-	Confidence	interval,	ref-	Reference	category	
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Table	 3.4:	Univariable,	multilevel	 logistic	 regression	model	of	 continuous	 risk	 factors	and	

clinical	 parameters	 associated	with	 S	 equi	 seropositive	working	 equids	 across	 19	 sites	 in	

Ethiopia,	adjusted	for	within-site	clustering	(n=350).		

	

Variable	

Serology	results	for	S	equi	≥0.5	
+		
Median		
(IQR)	

-		
Median		
(IQR)	

Odds	
ratio	

Lower		
95%	CI	

Upper	
95%	CI	

Wald		
p-value	

Dental	Age	 10		
(7-13)	

12		
(9-15)	

0.9	 0.8	 0.9	 <0.01*	

Respiration	rate	(br/min)	 40		
(32-44)	

40		
(32-48)	

1.0	 1.0	 1.0	 0.25	

Heart	rate	(bpm)	 48		
(40-56)	

48		
(44-52)	

1.0	 0.9	 1.0	 0.56	

PCV	(%)	 34		
(30-38)	

34		
(30-37)	

1.0	 0.9	 1.1	 0.82	

TPP	(g/L)	 8.0		
(7.6-8.2)	

8.0		
(7.6-8.6)	

0.9	 0.5	 1.7	 0.78	

Days	worked/week	 2.0		
(1.0-3.5)	

3.0		
(2.5-3.5)	

0.6	 0.4	 0.9	 0.02*	

Distance	travelled	to	site	(km)	 3		
(1-8)	

2		
(1-5)	

1.1	 1.0	 1.2	 0.15*	

CI	Confidence	Interval,	IQR	–	Interquartile	Range,	*	variables	taken	through	to	multivariable	analysis	

Nb.	Median	number	of	days	worked	may	seem	low	but	often	participants	described	using	two	horses	over	the	
course	of	a	day’s	work	(hence	each	horse	completing	half	a	day).	A	half-day	was	described	as	6	hours.	
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Table	3.5:		Univariable,	multilevel	logistic	regression	model	of	risk	factors	associated	with	S	

equi	 seropositive	 working	 equids	 across	 19	 sites	 in	 Ethiopia,	 adjusted	 for	 within-site	

clustering	(n=350).	

Variable	

Serology	results	for	S	equi	≥0.5	

+	(%)	 -	(%)	 Odds	
ratio	

Lower	
95%	CI	

Upper	
95%	CI	

Wald		
p-value	

Ownership	&	Work	 	 		 		 	 	 	
Horse	use	 cart	(gharry)	 23	(70)	 273	(86)	 ref	 	 	 	
	 saddle	 10	(30)	 43	(14)	 2.4	 0.9	 6.5	 0.09*	
Ownership	 hired	 1	(3)	 8	(3)	 ref	 	 	 	
	 owned	 32	(97)	 309	(97)	 0.7	 0.1	 6.6	 0.78	
Duration	owned	 ≤1month	 2	(6)	 25	(8)	 1.0	 0.2	 5.1	 0.97	
	 ≤1year	 9	(28)	 68(22)	 1.6	 0.7	 4.0	 0.29	
	 >1year	 21	(66)	 216	(70)	 ref	 	 	 	
Owner	eq.	
experience	

≤1	year	 4	(12)	 45	(14)	 ref	 	 	 	
>1	year	 29	(88)	 272	(86)	 1.2	 0.4	 3.8	 0.74	

Cart	horse	income:	 not	main	source	 15	(45)	 88	(28)	 ref	 	 	 	
main	income	source	 18	(55)	 228	(72)	 0.5	 0.2	 1.3	 0.16*	

Number	of	horses	
owned	

1	 19	(59)	 164	(54)	 ref	 	 	 	
2	or	more	 13	(41)	 141	(46)	 0.7	 0.3	 1.6	 0.43	

Harnessing	 	 		 		 	 	 	 	

Chest	strap/		
throat-lash/girth	

correct	fitting	 16	(48)	 185	(59)	 ref	 	 	 	
tight	fitting	 17	(52)	 129	(41)	 1.7	 0.8	 3.6	 0.19*	

Husbandry	 	 		 		 	 	 	 	
Feeding:	 no	wheat	bran	 11	(33)	 54	(17)	 ref	 	 	 	
	 wheat	bran	 22	(67)	 262	(83)	 0.5	 0.2	 1.3	 0.16*	

	 no	grains	 18	(55)	 181	(57)	 ref	 	 	 	
	 grains	 15	(45)	 136	(43)	 0.9	 0.4	 2.1	 0.76	

	 no	hay/straw	 15	(45)	 124	(39)	 ref	 	 	 	
	 hay/straw	 18	(55)	 193	(61)	 0.8	 0.3	 2.1	 0.71	

	 no	grass	 18	(55)	 183	(58)	 ref	 	 	 	
	 grass	(grazed	or	cut)	 15	(45)	 134	(42)	 1.1	 0.4	 2.6	 0.91	
Feed	soaked	before	
fed:	

never	 12	(36)	 112(37)	 ref	 	 	 	
always	 20	(61)	 183	(61)	 1.7	 0.6	 5.3	 0.33	

	 variable	 1	(3)	 15	(2)	 1.0	 0.1	 9.7	 0.99	
Housing	overnight:	 individual	 19	(58)	 177	(56)	 ref	 	 	 	
	 shared	 14	(42)	 137	(43)	 0.9	 0.4	 2.0	 0.76	

	 turned	loose	 0	 3	(1)	 3.4	 0.3	 39.3	 0.32	

Vaccination	&	Deworming	 	 		 		 	 	 	
AHS	vaccination		
(last	12m)	

none	 24	(73)	 234	(74)	 ref	 	 	 	
vaccinated	 9	(27)	 81	(26)	 1.0	 0.4	 2.6	 0.97	

Deworming		
(last	12m)	

none	 16	(48)	 182	(58)	 ref	 	 	 	
dewormed	 17	(52)	 134	(42)	 1.3	 0.5	 2.9	 0.58	

Clinical	History	(last	30d)	 	 		 		 	 	 	
Nasal	discharge	 none	 31	(94)	 292	(93)	 ref	 	 	 	

present	 2	(6)	 23	(7)	 0.7	 0.1	 3.3	 0.62	
Cough	 none	 19	(58)	 197	(62)	 ref	 	 	 	
	 yes	 14	(42)	 120	(38)	 1.1	 0.5	 2.3	 0.86	
Other	breathing	
problem	

none	 32	(97)	 299	(97)	 ref	 	 	 	
yes	 1	(3)	 10	(3)	 1.1	 0.1	 10.3	 0.90	

CI-	Confidence	interval	
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The	 final	multilevel	multivariable	model	 identified	 two	 risk	 factors	 that	were	 statistically	

significantly	associated	with	S	equi	seropositive	status;	these	were	the	continuous	variables	

of	dental	age	of	horse	and	number	of	days	worked	per	week	(Table	3.6).	Controlling	for	the	

number	 of	 days	 worked	 per	 week	 and	 the	 sampling	 location,	 the	 odds	 of	 seropositive	

status	decreased	by	0.9	(95%	CI	0.8-1.0)	for	each	increase	in	year	of	a	horse’s	age.	Similarly,	

the	odds	of	seropositive	status	decreased	by	0.7	for	each	additional	day	worked	per	week,	

No	significant	interactions	between	variables	remaining	in	the	final	model	were	detected.		

	

	

Table	3.6:		Multivariable,	multilevel	logistic	regression	model	of	risk	factors	associated	with	

S	 equi	 seropositive	 working	 equids	 in	 Ethiopia	 across	 19	 sites	 adjusted	 for	 within-site	

clustering	(n=350).	

Variable	 Coefficient	 Odds	ratio	 Lower	95%	CI	 Upper	95%	CI	 LRT	p-value	

Dental	Age	 -0.12	 0.9	 0.8	 1.0	 <0.01	

Days	worked	(per	week)	 -0.36	 0.7	 0.5	 1.0	 0.04	
LRT	–	Likelihood	ratio	test	

	

	

From	 the	 final	 model,	 that	 there	 was	 little	 variation	 arising	 from	 differences	 between	

sampling	locations	and	the	Intra-cluster	Correlation	Coefficient	was	low	(ICC=0.01%).		

	

	

Discussion	

	

To	 our	 knowledge,	 this	 is	 the	 largest	 and	most	 comprehensive	 study	 into	 the	 causes	 of	

respiratory	disease	in	the	working	horses	of	Ethiopia.	Infectious	pathogens	causing	signs	of	

respiratory	 disease	 are	 common	worldwide,	with	 bacterial	 and	 viral	 pathogens	 playing	 a	

significant	 role.	Our	 results	 demonstrated	 an	 8%	 seroprevalence	 to	 S	 equi,	 the	 causative	

agent	of	strangles,	similar	to	the	prevalence	reported	in	one	other	African	study	conducted	

in	Lesotho	(Ling	et	al.,	2011)	that	utilised		similar	diagnostic	techniques	(dual	antigen	ELISA;	

Robinson	et	al.	2013).		A	positive	ELISA	result	(OD≥0.5	for	either	or	both	antigens)	suggests	

prior	exposure	to	S	equi	causing	active	infection,	persistent	colonisation	with	carrier	status,	

or	immunity	following	a	full	recovery	(Knowles	et	al.,	2010;	Waller	and	Jolley,	2007).	Both	

studies	 also	 encountered	 similar	 numbers	 of	 borderline	 (OD	 =	 0.3-0.4)	 positive	 titres.	

Interpretation	of	borderline	results	 is	difficult	as	 it	might	 represent	either	a	 rising	 titre	at	
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the	onset	of	an	 immune	 response	or	a	 stable/declining	antibody	 level	 following	 recovery	

(Sheoran	et	al.,	1997).	A	second	serum	sample	would	normally	be	recommended	to	assess	

the	dynamic	nature	of	the	titre	but	the	study	design	did	not	allow	for	this.		

	

There	was	no	association	of	S.	equi	serostatus	with	clinical	examination	findings	or	a	history	

of	 respiratory	 signs	 reported	 by	 owners.	One	 potential	 explanation,	 as	 in	 other	 endemic	

areas	(Knowles	et	al.,	2010;	Slater,	2007;	Sweeney	et	al.,	2005),	is	that	there	exists	a	milder,	

atypical	 form	 of	 the	 disease	 with	 little	 or	 no	 nasal	 discharge	 and	 no	 discharging	 lymph	

nodes	(Fintl	et	al.,	2000;	Waller,	2014a).	This	presentation	following	infection	can	be	linked	

with	challenge	dose	(A.Waller,	personal	communication),	previous	exposure	to	S	equi	or	S	

zooepidemicus	 (Sweeney	et	al.,	2005),	or	host-factors	such	as	age	or	 immunocompetence	

(Prescott	et	al.,	1982).	There	may	also	be	a	role	for	S	equi	strain	variation	in	the	severity	of	

disease	 signs	 encountered	 (Kelly	 et	 al.,	 2006;	 Prescott	 et	 al.,	 1982;	 Timoney,	 1988),	

although	recent	whole	genome	sequencing	has	suggested	that	S	equi	may	become	adapted	

in	persistently	infected	animals	but	perhaps	compromising	on	its	virulence	to	do	so	(Harris	

et	al.,	2015).	The	lack	of	association	of	serostatus	with	clinically	apparent	disease	may	also	

be	a	 consequence	of	 the	cross-sectional	 sero-epidemiological	 study	design,	as	detectable	

antibody	 levels	 arise	only	 two	weeks	 after	 infection	and	 can	persist	 for	weeks	or	 several	

months	following	resolution	of	signs	(Robinson	et	al.,	2013;	Sheoran	et	al.,	1997).	Serology	

could	 also	 pick	 up	 some	 of	 the	 expected	 ~10%	 of	 animals	 that	 go	 on	 to	 be	 persistently	

infected	carriers	 (Chanter	et	al.,	 1998;	Newton	et	al.,	 1997;	 Sweeney	et	al.,	 2005;	Waller	

and	Jolley,	2007).		

	

From	 risk	 factor	 analysis	 it	 was	 apparent	 that	 those	 animals	 working	 more	 frequently	

(greater	 number	 of	 days	 per	week)	were	 at	 lower	 odds	 of	 seropositive	 status	 to	 S	 equi.	

Rather	 than	 a	 risk	 factor	 leading	 to	 disease,	 this	 may	 be	 interpreted	 as	 an	 effect	 of	

convalescent	 animals	 working	 less	 frequently,	 and	 as	 such	 it	 is	 difficult	 to	 consider	 the	

impact	of	work	on	serological	status.		

	

There	may	be	some	bias	introduced	by	sampling	at	the	horses’	place	of	work,	leading	to	an	

over-representation	of	those	animals	able	to	work	more	frequently.	Recognised	in	human	

health	research,	the	healthy-worker	bias	will	miss	those	subjects	absent	from	work	due	to	

sickness	(Arrighi	and	Hertz-Picciotto,	1996),	which	may	also	have	led	to	an	underestimation	

of	disease	prevalence,	as	judged	by	serological	status,	in	this	study.	
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Results	also	showed	that	younger	horses	were	at	greater	odds	of	seropositive	status	to	S	

equi	than	older	animals.	This	observation	can	be	considered	in	two	ways:	younger	animals	

were	perhaps	more	frequently	exposed	to	 infection,	or	older	horses	had	lower	or	shorter	

duration	 of	 antibody	 levels.	 The	 latter	 would	 be	 contrary	 to	 the	 expected	 response	 in	

immune	 animals	 following	 re-exposure,	 where	 a	 greater,	 more	 rapid	 anamnestic	 B-cell	

mediated	 immune	 response	 is	 normally	 mounted	 (Sheoran	 et	 al.,	 1997;	 Timoney	 et	 al.,	

2007;	 Waller	 et	 al.,	 2007)	 and	 is	 expected	 to	 last	 longer.	 Infection	 with	 S	 equi	 also	

stimulates	a	mucosal	response	 in	the	nasopharynx,	but	 it	 is	unclear	 if	 the	organism	could	

be	 cleared	 without	 a	 systemically	 detectable	 rise	 in	 antibodies	 (Timoney	 et	 al.,	 2007,	

2006b).	 Thus,	 it	 could	 be	 proposed	 that	 significant	 differences	 in	 serostatus	 of	 horses	 of	

different	 ages	 do	 not	 represent	 a	 difference	 in	 exposure	 to	 the	 pathogen,	 but	 in	 host-

pathogen	interactions.	

	

Interestingly,	the	site	with	highest	prevalence	of	seroconverted	animals	(Arb	Gebeya)	also	

had	the	lowest	average	age	of	horses	sampled.	It	is	unclear	if	this	reflects	a	truly	higher	risk	

in	young	animals	or	has	potentially	captured	a	localised	disease	outbreak	that	incidentally	

occurred	 at	 a	 site	 with	 younger	 animals.	 However,	 adjusting	 regression	 analysis	 for	

clustering	should	overcome	this	to	some	extent.	It	is	also	possible	that	age	could	be	a	proxy	

for	another,	unmeasured	exposure	risk	that	would	account	for	the	apparently	higher	rate	

of	 exposure	 of	 young	 animals	 to	 the	 organism.	 Nevertheless,	 the	 implications	 of	 an	

increased	risk	of	seropositive	status	in	young	animals	or	a	decreased	risk	of	establishment	

of	 infection	 in	 older	 animals	 should	 still	 be	 considered	 in	 the	 future	 development	 of	

infectious	disease	control	strategies.		

	

Variation	 between	 clusters	 at	 a	 site	 level	 only	 accounted	 for	 a	 small	 proportion	 of	 the	

variation	 in	 seroprevalence,	 resulting	 in	 a	 lower	 than	expected	 ICC	 compared	 to	 that	 for	

other	communicable	diseases	(Gari	et	al.,	2012;	Mcdermott	and	Schukken,	1994;	Otte	and	

Gumm,	 1997).	 When	 considering	 the	 relatively	 small	 number	 of	 animals	 sampled	 per	

cluster	and	also	the	fact	that	some	participants	travelled	long	distances	to	the	sample	site,	

a	low	ICC	is	plausible	in	this	survey.		

	

Viral	 pathogens	 are	 frequently	 implicated	 in	 respiratory	 disease	 (Christley	 et	 al.,	 2001b;	

Pusterla	et	al.,	2006;	Wood	et	al.,	2005a)	but	 seroprevalence	 in	 this	population	was	 low.	
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Findings	are	in	contrast	to	earlier	studies	reporting	the	prevalence	of	antibodies	to	EHV-1	

and	-4	in	Ethiopia	of	14-21%	and	88-96%	respectively	(Endebu-Duguma,	2007;	Getachew	et	

al.,	2014).	However	these	previous	studies	both	utilised	ELISA	serological	 tests,	and	show	

similar	EHV-1	and	 -4	detection	 rates	 to	 studies	using	 the	 same	methodologies	elsewhere	

(Crabb	 et	 al.,	 1995;	 Gilkerson	 et	 al.,	 1999a).	 This	 discrepancy	may	 be	 due	 to	 the	 use	 of	

complement	 fixation	 techniques	 for	 detection	 of	 antibodies	 to	 herpesvirus	 in	 this	 study,	

with	results	possibly	indicative	of	more	recent	infection	only	(Hartley	et	al.,	2005;	Lunn	et	

al.,	2009)	when	compared	to	the	detection	of	virus	neutralising	antibodies	measured	by	the	

ELISA	(Thomson	et	al.,	1976).	

	

This	apparently	low	rate	of	detection	in	Ethiopian	horses	compared	to	surveillance	studies	

for	 EHV	elsewhere	may	also,	 in	part,	 be	due	 to	differences	 in	 sampling	between	 studies.	

Prevalence	 of	 herpesvirus	 in	 other	 studies	 is	 often	 from	 animals	 either	 presenting	 with	

signs	of	respiratory	disease	(Carman	et	al.,	1997;	Diaz-Méndez	et	al.,	2010;	Pusterla	et	al.,	

2015),	or	present	at	certain	events	(e.g.	sales),	more	often	attended	by	young	naïve	horses	

(Carlson	et	al.,	2012;	Gilkerson	et	al.,	2012).		

	

Detection	of	equine	arteritis	virus	was	rare	and	would	therefore	not	be	expected	to	be	a	

major	contributor	to	respiratory	disease	in	this	population.	However,	EAV	is	an	important	

cause	 of	 reproductive	 losses	 causing	 abortion	 (Holyoak	 et	 al.,	 2008),	 and	 the	 single	

confirmed	positive	animal	in	this	survey	was	a	breeding	mare.	It	is	difficult	to	speculate	as	

to	the	significance	of	this	finding	as	antibodies	to	EAV	are	lifelong	(Balasuriya	et	al.,	2013).	

It	 may	 be	 worth	 noting	 that	 mares	 were	 underrepresented	 in	 the	 sample,	 and	 it	 was	

suggested	 that	mares	would	be	 found	 solely	 in	 ‘highland	breeding	areas’.	 Little	 is	 known	

about	the	 incidence	of	abortion	 in	this	population,	but	this	finding	may	indicate	the	need	

for	further	work	in	the	area.		

	

A	 single	 borderline	 positive	 result	 on	 ELISA	 testing	 for	 influenza	 antibodies	 was	 neither	

repeatable	nor	confirmed	by	HI	 test.	This	may	potentially	 indicate	a	novel	 strain/clade	of	

influenza	not	targeted	in	HI	testing	(H3N8	nor	H7N7),	or	it	is	more	likely	a	false	positive	test	

result	due	to	the	detection	limit	of	the	test.	The	lack	of	circulating	antibodies	to	EIV	makes	

this	 population	 naïve	 and	 potentially	 vulnerable	 to	 outbreaks	 similar	 to	 those	 seen	 in	

Australia	 (Firestone	 et	 al.,	 2012)	 or	 South	 Africa	 (Guthrie	 et	 al.,	 1999).	 There	 are	 few	

disease	 control	 measures	 in	 place	 in	 Ethiopia	 to	 mitigate	 this	 risk,	 but	 in	 the	 author’s	
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experience,	 the	 low	 value	 of	 horses	 and	 difficulty	 of	 transport	 currently	 means	 there	 is	

limited	 long-distance	 or	 international	 horse	 movement,	 which	 may	 keep	 any	 risk	 of	

introduction	low.	

	

Coughing	 and	 abnormalities	 on	 respiratory	 auscultation	 were	 relatively	 rare	 on	 clinical	

examination	 in	 this	 study.	 This	 may	 be	 a	 limitation	 of	 the	 examination,	 due	 to	 it	 being	

performed	rapidly	under	roadside	conditions,	to	allow	owners	to	return	to	work	as	soon	as	

possible.	In	contrast,	owner	reporting	of	recent	respiratory	signs	was	more	common	and	in	

agreement	with	findings	from	the	participatory	study	(Chapter	2).	One	explanation	for	this	

lack	of	coughing	on	examination	may	be	 that	 sampling	 took	place	at	a	 time	of	day	when	

coughing	was	not	frequently	seen.	However,	discrepancy	may	also	arise	from	disagreement	

between	 veterinary	 clinical	 exam	 findings	 and	 owner	 questionnaire	 responses.	 For	

example,	21	 (6%)	animals	were	 identified	with	a	nasal	discharge	during	examination,	but	

only	 reported	 by	 6	 participants	 in	 their	 questionnaire	 responses.	 Literature	 on	 the	

reliability	of	owner-reporting	of	clinical	signs	suggests	it	is	a	fairly	successful	tool	for	chronic	

respiratory	disease	(Hotchkiss	et	al.,	2006)	but	reporting	of	more	general	health	problems	

by	owners	has	been	 less	useful	 (Ireland	et	al.,	2012;	Ling	et	al.,	2011).	To	minimise	 inter-

observer	variation,	all	examinations	were	carried	out	by	a	single	person	(Burn	et	al.,	2009).	

Owner	 recognition	 of	 the	 signs	 of	 respiratory	 disease	 may	 therefore	 be	 an	 area	 to	 be	

targeted	for	improvement	through	education	and	community	extension	programmes.	

	

Analysis	 of	 some	 clinical	 parameters	 relied	 on	 established	 limits	 for	 normal	 animals;	 for	

example	 RR,	 HR,	 PCV	 and	 TPP	 (Knottenbelt,	 2006;	 Pritchard	 et	 al.,	 2009).	 However,	 a	

greater	proportion	of	horses	 than	expected	 fell	 outside	 these	 limits,	with	 increased	 total	

plasma	protein	(TPP)	levels	in	over	three-quarters	of	horses	in	this	study.	Interpretation	of	

these	values	without	further	biochemical	analysis	 is	difficult.	To	avoid	the	impact	of	using	

potentially	 inappropriate	 limits	for	normal,	parameters	were	assessed	as	both	continuous	

and	 categorical	 variables.	 The	 apparent	 deviation	 of	 this	 population	 from	 previously	

published	 ranges	 for	other	populations	may	 suggest	 the	need	 for	 identification	of	 locally	

relevant	clinical	and	haematalogical	reference	intervals.			

	

There	were	limitations	of	using	a	cross-sectional	study	design	with	serological	indication	of	

pathogen-exposure	 prevalence,	 as	 the	 prevalence	 relates	 to	 both	 the	 frequency	 of	

infection	and	also	the	duration	of	the	antibody	response.	 	The	use	of	a	single	measure	of	
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antibody	 level	 may	 over-represent	 diseases	 with	 a	 longer	 duration	 of	 raised	 antibody,	

chronic	disease	or	persistently	infected	carrier	states.	It	also	fails	to	account	for	infection	in	

immunocompromised	animals	with	a	 reduced	antibody	 response	nor	does	 it	 capture	any	

seasonal	pattern	to	disease,	outbreaks	of	infection	or	reactivation	of	latent	infections.		An	

area	not	fully	addressed	in	this	current	study	was	the	identification	of,	and	role	played	by,	S	

equi	 carrier	 animals	 as	 a	 source	 of	 new	 infections.	 This	 was	 partly	 due	 to	 the	 limited	

diagnostic	capabilities	in-country,	where	the	gold	standard	testing	of	guttural	pouch	lavage	

was	 not	 readily	 available	 (Newton	 et	 al.,	 2000b),	 	 nor	 could	 there	 be	 any	 validation	 of	

assays	 used.	 	Where	 there	 is	 little	 existing	 literature	 on	 potential	 infectious	 agents	 in	 a	

population,	 the	use	of	next-generation	sequencing	of	samples	may	have	been	useful,	but	

high	costs	for	this	novel	technique	were	prohibitive	at	this	stage.		

	

While	this	study	was	able	to	give	some	indication	of	co-infections	of	respiratory	pathogens,	

it	 was	 not	 possible	 to	 look	 at	 the	 wide	 range	 of	 infections	 potentially	 affecting	 overall	

health.	This	would	be	an	area	of	interest	for	future	work.	Other	study	limitations	involved	

participant	 recruitment,	which	was	designed	 to	 involve	both	urban	and	 rural	populations	

from	a	range	of	agro-climatic	zones,	but	these	sites	needed	to	be	accessible	by	road	so	the	

sampling	 strategy	 may	 have	 resulted	 in	 underrepresentation	 of	 the	 more	 remote	 rural	

populations.	The	power	of	this	study	to	detect	any	effect	of	agro-climatic	zone	was	low	due	

to	 small	 numbers	 from	 these	 areas	 sampled.	 However	 this	was	 a	 reflection	 of	 the	 small	

horse	 populations	 in	 lowland	 areas,	 which	 were	 not	 sufficiently	 large	 to	 include	 in	 this	

study.		

	

There	was	some	concern,	especially	at	SPANA	clinic	sites,	that	there	may	be	a	response	bias	

from	participants	with	expectations	of	free	treatment.	Efforts	were	made	to	minimize	this	

potential	bias	by	examining	animals	away	 from	 the	clinic	and	without	offering	any	direct	

benefits	for	involvement	in	the	study.		

	

The	results	of	this	study	highlight	the	presence	of	infectious	causes	of	respiratory	disease,	

especially	S	equi,	but	that	equid	owners	or	users	may	also	be	underreporting	incidence	of	

disease.	 Improved	 owner	 recognition	 of	 signs	 is	 desirable	 for	 the	 success	 of	 continued	

surveillance	and	implementation	of	control	recommendations.	While	it	seems	that	S	equi	is	

endemic	 in	 this	working	equid	population,	 it	does	not	account	 for	all	 cases	of	 respiratory	

disease	seen	and	 further	studies	 to	assess	 the	role	of	other	 infections	and	non-infectious	
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respiratory	 disease	 would	 help	 to	 build	 a	 more	 complete	 picture	 of	 disease	 in	 this	

population.		

	

Conclusions		

	

As	has	been	found	in	Southern	African	working	horses,	S	equi	 is	endemic	in	the	Ethiopian	

horse	population	 and	 is	 likely	 to	be	 a	 significant	 contributor	 to	 respiratory	disease.	 	 Low	

prevalence	of	 EHV-1	&	4,	 ERA/BV,	 and	EVA	 indicates	 these	pathogens	are	present	 in	 the	

population,	but	unlikely	to	be	a	major	cause	of	respiratory	signs	reported	among	the	horse	

populations	 sampled	 in	 this	 study.	 The	 results	 for	 equine	 influenza	 do	 not	 indicate	 its	

presence	 in	 the	population	 in	 this	 region	of	Ethiopia,	and	may	highlight	a	vulnerability	 to	

incursion.	 The	 study	was	 limited	 to	describing	 serological	prevalence	of	major	pathogens	

only.	 Future	 work	 detecting	 infection	 of	 the	 respiratory	 tract	 and	 addressing	 other	

organisms	 that	 may	 also	 play	 a	 role,	 such	 as	 Streptococcus	 zooepidemicus,	 would	 be	

desirable.		
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Appendix	A:	Participant	Information	for	Consent	(verbal)	

	

	
For	owners	looking	for	more	advice	or	with	animals	in	need	of	treatment	we	will	refer	

them	to	the	SPANA	clinic	where	possible	(free	veterinary	service)	or	advise	owners	to	

attend	the	local	government	run	veterinary	clinic.	The	translated	version	of	this	consent	

form	shall	be	available	in	written	format	to	the	facilitator	to	read	aloud	from.		

	

“A	few	years	ago	people	in	this	and	other	towns	attended	a	meeting	and	were	asked	what	
were	your	main	concerns	regarding	horse	health.	You	told	us	that	cough	and	nasal	
discharge,	were	often	seen	in	your	animals	and	this	caused	concern.	We	are	now	looking	
into	what	causes	these	problems	in	horses.		You	are	being	invited	to	participate	in	this	
research	study.	
	
We	will	ask	you	some	questions	about	your	horse;	there	are	no	right	or	wrong	answers	so	
please	speak	freely.	A	vet	will	examine	your	horse	and	take	a	blood	sample	from	the	neck	
and	a	swab	from	the	nose.	This	should	last	approximately	15minutes.	
	
You	will	remain	anonymous	and	the	results	of	the	blood	test	and	exam	will	be	used	to	help	
find	new	solutions	to	horse	breathing	problems.	
	
If	you	have	any	questions	or	would	like	more	information	then	please	ask	us.	You	are	free	to	
leave	at	any	point	without	needing	to	give	a	reason.”	
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Appendix	B:		
(i)	Participant	Questionnaire	(English	Language	version,	1	page)	
	

	

Date:

Location:

CHA.Plate:

Owner.Questionnaire
1. How&long&has&your&horse&been&resting&? <&10&mins >30&mins

2.

3.&&&&&&&&&&&&&!i) Do&you&(or&your&family)&own&this&horse?& Yes No&Ahired

ii) <1yr 1yr+

4.&&&&&&&&&&&&&!i) Yes No&(Saddle)

ii) Is&your&cart&business&your&main&source&of&income? Yes No

5.&&&&&&&&&&&&&i) How&long&have&you&owned&this&horse? i) ii)

ii) How&many&horses&do&you&own?

6. Full: Half:

7. years Unknown Young Adult Old

8.

9.&&&&&&&&&&&&!i)

Grains Straw&/&hay Grass

ii) Is&the&feed&soaked? Sometimes Never

iii) Do&they&share&a&feeding&area&with&other&horses? Yes No Sometimes

10. How&is&your&horse&kept&at&night?

11. Chart&no.
No&

discharge Unknown

12.

No&cough At&work At&rest/night At&feeding Occasional Unknown

13.

14.&&&&&&&&&&&&i) Has&the&horse&had&vaccination&in&the&last&12months?&

If!known: AHS Tetanus

ii) Location:! SPANA

Shared&shelter&/&compound

Wheat&Bran

Self&bought&&&adminGov/Private&Clinic

How&old&is&this&horse?

Has&this&horse&been&coughing&in&the&last&30days?!If!yes,!when?

What&do&you&feed&your&horse?&(Circle)

Traditional&product

Have&there&been&any&other&breathing&
problems&in&the&last&30days?

Into&mouth&(deworming) Injection&into&neck

All&the&time

None

Where&do&your&horses&come&from?&(!town/region)

Yes&&&fed&laterYes&&&fed&immed.

Unknown

No&Vaccination

How&many&full&or&half&days&does&this&horse&
work&in&a&week?

How&long&have&you&worked&with/owned&any&horses?

Other:

No&(Other):

ID.No.

How&far&have&you&travelled&from&your&home&today?&

Does&this&horse&pull&a&cart?

Has&this&horse&had&any&nasal&
discharge&in&the&last&30days?&&&&&&&&&&&&&&&&&&&&&&&
If!yes,!describe!&!show!chart!(answer!1=!6)

10&A&30&mins

Other&Feed:

Turned&Loose Under&shelter/&in&compound&alone
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ii)	Participant	Questionnaire	(Amharic	language	version,	1	page)	
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Appendix	C:		Age	distribution	of	horses	examined	by	location	(n=350).	Nineteen	locations	

are	in	order	of	decreasing	elevation	from	highland	to	lowland.		
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Appendix	 D:	 Antibody	 titre	 results	 (n=175)	 from	 complement	 fixation	 for	 EHV-1	 (n=89),	

EHV-4	 (n=110),	 ERAV	 (n=48)	 and	 ERBV	 (n=88).	 Anti-complementary	 activity	was	 included	

and	low	final	titres	indicate	historical	exposure	but	not	recent	infection.	
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206	 DB	 5	 		 		 		 304	 SAL	 		 		 		 5	 318	 SAL	 		 5	 		 5	
208	 DB	 5	 		 		 		 401	 CHE	 		 		 		 5	 616	 ASA	 		 5	 		 5	
209	 DB	 5	 		 		 		 402	 CHE	 		 		 		 5	 714	 AK	 		 5	 		 10	
210	 DB	 5	 		 		 		 403	 CHE	 		 		 		 5	 808	 GOD	 		 5	 		 20	
303	 SAL	 10	 		 		 		 404	 CHE	 		 		 		 5	 1318	 DZO	 		 5	 		 5	
316	 SAL	 5	 		 		 		 710	 AK	 		 		 		 10	 1717	 HAW	 		 5	 		 5	
418	 CHE	 5	 		 		 		 712	 AK	 		 		 		 10	 1802	 DE	 		 5	 		 5	
818	 GOD	 5	 		 		 		 713	 AK	 		 		 		 10	 2114	 MET	 		 5	 		 5	
902	 WOL	 5	 		 		 		 717	 AK	 		 		 		 5	 511	 ASEL	 		 		 5	 5	
906	 WOL	 5	 		 		 		 718	 AK	 		 		 		 5	 915	 WOL	 		 		 5	 5	
913	 WOL	 5	 		 		 		 815	 GOD	 		 		 		 5	 505	 ASEL	 5	 10	 10	 		
914	 WOL	 5	 		 		 		 920	 WOL	 		 		 		 5	 517	 ASEL	 10	 10	 10	 		

1009	 SHA	 5	 		 		 		 1316	 DZO	 		 		 		 5	 803	 GOD	 5	 5	 5	 		
1010	 SHA	 5	 		 		 		 1505	 MOJ	 		 		 		 10	 805	 GOD	 5	 5	 5	 		
1016	 SHA	 5	 		 		 		 1713	 HAW	 		 		 		 5	 1301	 DZO	 5	 5	 5	 		
1103	 ARB	 5	 		 		 		 1718	 HAW	 		 		 		 10	 701	 AK	 5	 10	 		 10	
1106	 ARB	 5	 		 		 		 1805	 DE	 		 		 		 5	 811	 GOD	 5	 5	 		 5	
1107	 ARB	 5	 		 		 		 1816	 DE	 		 		 		 5	 814	 GOD	 5	 5	 		 5	
1201	 DZ	 5	 		 		 		 1907	 ZWY	 		 		 		 5	 816	 GOD	 5	 5	 		 5	
1211	 DZ	 5	 		 		 		 1914	 ZWY	 		 		 		 5	 903	 WOL	 5	 5	 		 5	
1212	 DZ	 5	 		 		 		 2003	 AD	 		 		 		 5	 904	 WOL	 5	 5	 		 5	
1513	 MOJ	 5	 		 		 		 2005	 AD	 		 		 		 5	 905	 WOL	 5	 5	 		 5	
1514	 MOJ	 5	 		 		 		 2009	 AD	 		 		 		 5	 909	 WOL	 5	 5	 		 5	
102	 WEN	 		 5	 		 		 2011	 AD	 		 		 		 5	 1005	 SHA	 5	 5	 		 5	
109	 WEN	 		 5	 		 		 2012	 AD	 		 		 		 5	 1011	 SHA	 10	 5	 		 5	
112	 WEN	 		 5	 		 		 2013	 AD	 		 		 		 5	 1108	 ARB	 5	 5	 		 5	
203	 DB	 		 10	 		 		 2014	 AD	 		 		 		 5	 1109	 ARB	 5	 5	 		 5	
213	 DB	 		 10	 		 		 2015	 AD	 		 		 		 5	 1112	 ARB	 5	 5	 		 5	
307	 SAL	 		 20	 		 		 2103	 MET	 		 		 		 5	 1308	 DZO	 5	 5	 		 5	
310	 SAL	 		 5	 		 		 2113	 MET	 		 		 		 10	 706	 AK	 5	 		 5	 5	
311	 SAL	 		 5	 		 		 118	 WEN	 5	 5	 		 		 1014	 SHA	 10	 		 5	 5	
405	 CHE	 		 5	 		 		 807	 GOD	 5	 20	 		 		 412	 CHE	 		 10	 10	 5	
508	 ASEL	 		 10	 		 		 901	 WOL	 5	 5	 		 		 413	 CHE	 		 20	 20	 5	
509	 ASEL	 		 10	 		 		 1002	 SHA	 5	 5	 		 		 604	 ASA	 		 10	 10	 10	
610	 ASA	 		 5	 		 		 1006	 SHA	 5	 10	 		 		 606	 ASA	 		 10	 10	 5	
612	 ASA	 		 5	 		 		 1007	 SHA	 5	 5	 		 		 1001	 SHA	 		 5	 5	 5	
613	 ASA	 		 5	 		 		 1008	 SHA	 5	 5	 		 		 1302	 DZO	 		 5	 5	 20	
614	 ASA	 		 5	 		 		 1110	 ARB	 5	 20	 		 		 1317	 DZO	 		 20	 20	 5	
615	 ASA	 		 5	 		 		 1111	 ARB	 5	 5	 		 		 1503	 MOJ	 		 10	 5	 5	
801	 GOD	 		 5	 		 		 1114	 ARB	 5	 10	 		 		 211	 DB	 10	 10	 20	 20	

1305	 DZO	 		 5	 		 		 1203	 DZ	 10	 5	 		 		 305	 SAL	 5	 10	 5	 5	
1307	 DZO	 		 5	 		 		 1204	 DZ	 5	 40	 		 		 817	 GOD	 5	 5	 5	 5	
1309	 DZO	 		 5	 		 		 1205	 DZ	 5	 10	 		 		 912	 WOL	 5	 5	 5	 5	
1312	 DZO	 		 5	 		 		 1206	 DZ	 5	 10	 		 		 1003	 SHA	 5	 5	 5	 5	
1314	 DZO	 		 5	 		 		 1207	 DZ	 5	 5	 		 		 1102	 ARB	 5	 5	 5	 5	
1315	 DZO	 		 5	 		 		 1208	 DZ	 5	 5	 		 		 1104	 ARB	 10	 10	 10	 5	
1502	 MOJ	 		 5	 		 		 1209	 DZ	 5	 5	 		 		 1105	 ARB	 10	 5	 5	 10	
1506	 MOJ	 		 5	 		 		 1210	 DZ	 5	 5	 		 		 1113	 ARB	 5	 5	 5	 5	
1508	 MOJ	 		 5	 		 		 1213	 DZ	 10	 10	 		 		 1115	 ARB	 5	 5	 5	 5	
1911	 ZWY	 		 10	 		 		 1217	 DZ	 5	 5	 		 		 1116	 ARB	 5	 5	 5	 5	
2116	 MET	 		 5	 		 		 1501	 MOJ	 5	 5	 		 		 1202	 DZ	 10	 10	 20	 40	
212	 DB	 		 		 5	 		 1013	 SHA	 5	 		 		 10	 1215	 DZ	 10	 10	 5	 10	
315	 SAL	 		 		 20	 		 1015	 SHA	 10	 		 		 40	 1216	 DZ	 5	 5	 5	 20	
917	 WOL	 		 		 5	 		 1017	 SHA	 5	 		 		 5	 1218	 DZ	 5	 5	 5	 5	

1915	 ZWY	 		 		 5	 		 411	 CHE	 		 10	 10	 		 1303	 DZO	 5	 5	 5	 5	
1917	 ZWY	 		 		 5	 		 414	 CHE	 		 10	 10	 		 1304	 DZO	 5	 5	 5	 5	

	 	 	 	 	 	 506	 ASEL	 		 10	 5	 		 1306	 DZO	 20	 20	 10	 40	
	 	 	 	 	 	 1916	 ZWY	 		 5	 5	 		 1310	 DZO	 5	 10	 5	 5	
	 	 	 	 	 	 1903	 ZWY	 		 5	 5	 		 1311	 DZO	 5	 10	 5	 5	
	 	 	 	 	 	 	 	 	 	 	 	 1901	 ZWY	 5	 5	 5	 5	
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Appendix	 E:	 ELISA	 antibody	 titre	 results	 for	 antibodies	 to	 S	 equi	 antigen	 A	 (AgA)	 and	
antigen	 C	 (AgC)	 (jitter	 function	 applied	 to	 highlight	 overlaid	 points).	 Positive	 titres	 were	
those	above	0.5	for	either	or	both	AgA	or	AgC.	A	range	of	titres	was	apparent	in	response	
to	both	S	equi	antigens	(i)	and	across	different	age	in	years	(ii).	
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(ii)				Antibody	titres	to	AgA	by	age	of	horse	with	least	square	regression	lines	shown.	
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Appendix	F:	S	equi	serology	results	(positive	≥0.5	and	borderline	0.3-0.4)	in	working	horses	

in	Ethiopia	(n=350)	by	sampling	location	(in	order	of	elevation	from	high	to	low).	

	

Town	
code	

		Sampling		
		Location	

Agroclimatic	
Zone	

Elevation		
(m)	 n	

S	equi	+	
(≥0.5)	

Borderline		
(0.3-0.4)	

Prevalence	
(95%	CI)	

WEN	 Wenchi	

Highland	

(>2300m)	

3115	 18	1	 1	 5.6%	(1.0-27.6)	
DB	 Debre	Brehan	 2834	 18	1	 5	 5.6%	(1.0-27.6)	

SAL	 Salali	 2643	 18	3	 4	 16.7%	(5.8-39.2)	

CHE	 Chefe	 2424	 18	0	 0	 	

ASEL	 Asella	 2399	 19	1	 5	 5.3%	(0.9-24.6)	

ASA	 Asasa	 2360	 18	2	 5	 11.1%	(3.1-32.8)	

AK	 Akaki	

Midland	

(1500-2300m)	

2036	 18	2	 5	 11.1%	(3.1-32.8)	
GOD	 Godino	 2010	 18	3	 2	 16.7%	(5.8-39.2)	

WOL	 Woliso	 1929	 20	0	 2	 	

SHA	 Shashemene	 1920	 18	1	 3	 5.6%	(1.0-27.6)	

ARB	 Arb	Gebeya	 1887	 18	7	 0	 38.9%	(20.3-61.4)	

DZ	 Debre	Zeit	 1803	 18	2	 2	 11.1%	(3.1-32.8)	

DZO	 D.Z	out	of	town	 1803	 18	3	 1	 16.7%	(5.8-39.2)	

MOJ	 Modjo	 1785	 19	2	 6	 10.5%	(2.9-31.4)	

HAW	 Hawassa	 1702	 18	0	 0	 	

DE	 Dera	 1671	 20	2	 0	 10.0%	(2.8-30.1)	

ZWY	 Ziway	 1653	 18	2	 2	 11.1%	(3.1-32.8)	

AD	 Adama	 1595	 18	3	 3	 16.7%	(5.8-39.2)	

MET	 Meteharra	
Lowland	

(<1500m)	
955	 20	0	 0	 	

CI	–	Confidence	Interval	
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Appendix	G:		
(i)			GAM	plot	of	horse	age	against	Odds	of	being	seropositive	for	S	equi	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
(ii)			GAM	plot	of	number	of	days	worked	against	Odds	of	being	seropositive	for	S	equi	
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Chapter	4:	

	

Pathology	and	horse-	and	management-level	risk	

factors	associated	with	respiratory	disease	in	the	

working	horses	of	Ethiopia:	A	case-control	study	

(Part	1)	
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Introduction	

	

Worldwide,	respiratory	disease	is	a	major	cause	of	loss	in	equine	industries,	both	by	work	

missed	through	illness	and	via	its	contribution	to	poor	performance	(for	example:	Allen	et	

al.,	 2006;	 Bailey	 et	 al.,	 1997;	 Robinson	 et	 al.,	 2006;	 Van	 Erck-Westergren	 et	 al.,	 2013;	

Wilsher	et	al.,	2006).	Respiratory	disease	is	also	a	frequent	presenting	complaint	of	working	

horses	to	veterinary	clinics	in	central	Ethiopia	(SPANA	clinic	data,	unpublished)	and	a	major	

concern	for	owners	and	cart	drivers	(Scantlebury	et	al.,	2015;	Shelima	et	al.,	2006).	Despite	

being	 a	 common	 occurrence	 at	 clinics	 in	 Ethiopia,	 there	 is	 little	 scope	 for	 further	

diagnostics	 available	 to	 veterinarians	 at	 these	 sites.	 Hence,	 a	 presumptive	 diagnosis	 is	

typically	 based	 on	 clinical	 examination	 and	 clinical	 history	 alone.	 There	 is	 little	 existing	

literature	on	the	causes	of	disease	in	this	population,	with	existing	studies	typically	limited	

to	 narrow	 seroprevalence	 surveys	 for	 exposure	 to	 (a	 limited	 number	 of)	 viral	 agents	

(Endebu-Duguma,	2007;	Getachew	et	al.,	2014).		

	

Coughing	 is	 a	 specific	 indicator	 of	 respiratory	 disease	 in	 horses	 (Bedenice	 et	 al.,	 2008;	

Burrell	 et	 al.,	 1996;	 Rettmer	 et	 al.,	 2015)	 and	 a	 common	 complaint	 across	many	 equine	

populations	 (Dixon	et	 al.,	 1995a;	 Ireland	et	 al.,	 2011;	 Slater,	 2014;	Wheeler	et	 al.,	 2002).	

Other	 frequently	 encountered	 signs	 of	 respiratory	 disease	 include	 nasal	 discharge,	

increased	 respiratory	 effort,	 exercise	 intolerance	 and	poor	 performance.	 These	 signs	 can	

arise	 from	 multiple	 underlying	 pathological	 changes	 in	 the	 respiratory	 system	 and,	 for	

some	 signs,	 changes	 in	 non-respiratory	 systems.	 Diagnostic	 aids	 can	 help	 to	 further	

differentiate	 the	 cause	 of	 clinical	 signs.	 The	 use	 of	 endoscopy	 is	 a	 common	 choice	 for	

further	investigation,	allowing	gross	inspection	of	upper	and	lower	airways	and	sampling	of	

secretions	from	various	sites	 in	the	respiratory	tract	(Hewson	and	Arroyo,	2015).	Samples	

can	indicate	the	presence	of	infectious	agents	and	the	relative	proportions	of	inflammatory	

cells,	from	tracheal	or	bronchoalveolar	lavage	(Cian	et	al.,	2015).	An	increase	in	neutrophils	

is	commonly	found	in	cases	of	lower	respiratory	disease	(Holcombe	et	al.,	2006;	Widmer	et	

al.,	2009),	and	has	been	linked	with	increased	airway	mucus,	which	could	result	in	coughing	

in	 order	 to	 increase	 clearance	 of	 mucus	 (Cardwell	 et	 al.,	 2014;	 Christley	 et	 al.,	 2001b).	

Airway	 neutrophilia	 may	 be	 present	 in	 response	 to	 either	 infectious	 or	 non-infectious	

aetiologies	(Marr,	2016;	Reuss	and	Giguere,	2015).		
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Infectious	agents	are	a	major	cause	of	respiratory	disease	 in	equids	worldwide;	these	will	

be	 addressed	 further	 in	 the	 following	 chapter.	 Other	 risk	 factor	 studies	 of	 equine	

respiratory	 disease	 have	 also	 suggested	 a	 role	 for	 inhaled	 particulates,	 especially	 during	

feeding	or	housing	(Hotchkiss	et	al.,	2007;	Millerick-May	et	al.,	2013;	Robinson	et	al.,	2006).	

There	 may	 also	 be	 seasonal	 variation	 (Riihimäki	 et	 al.,	 2008)	 associated	 with	 types	 of	

allergen	present	in	the	environment,	and	possibly	a	genetic	component	to	disease	(Marti	et	

al.,	1991;	Ramseyer	et	al.,	2007).		

	

Equine	 asthma	 is	 a	 non-septic	 lower	 airway	 disease	 often	 presenting	 with	 coughing,	

exercise	intolerance	and	nasal	discharge.	Chronic	airway	inflammation	results	in	increased	

mucus	 production	 and	 airway	 hyper-reactivity,	 showing	 similarities	 to	 the	 eponymous	

condition	 in	 humans	 (Bullone	 et	 al.,	 2015;	 Couëtil	 et	 al.,	 2016;	 Koblinger	 et	 al.,	 2011).	

Severe	equine	asthma	(previously	known	as	recurrent	airway	obstruction	or	RAO)	is	widely	

recognised,	with	up	to	a	fifth	of	older	horses	affected	(Hotchkiss	et	al.,	2006;	Leclere	et	al.,	

2011;	Ramseyer	et	al.,	 2007).	 It	 is	 characterised	by	neutrophilic	airway	 inflammation	and	

thought	 to	be	 a	hypersensitivity	 response	 to	 inhaled	organic	 dusts	 (Derksen	et	 al.,	 1985;	

Pirie,	2014).	In	contrast	to	milder	forms	of	equine	asthma,	there	is	an	increased	respiratory	

effort	apparent	at	rest	in	severely	affected	horses.	Mild	forms	of	equine	asthma	(previously	

known	as	inflammatory	airway	disease	or	IAD)	tend	to	affect	younger	horses	but	can	occur	

at	 any	 age	 (Bedenice	 et	 al.,	 2008;	 Lavoie	 et	 al.,	 2011;	 Nolen-walston	 et	 al.,	 2013).	

Presentation	may	be	subclinical	or	include	only	mild	asthmatic	signs.	It	is	characterised	by	a	

variable	and	sometimes	mixed	cell	inflammation	in	airways	(Couëtil	et	al.,	2016).	

	

Using	an	unmatched	case-control	study	we	aimed	to	investigate	the	underlying	pathology	

in	 airways	of	horses	with	overt	 clinical	 signs,	 and	 to	 identify	 any	horse-	or	management-

level	 factors	 that	may	 increase	 the	 risk	of	disease.	This	work	should	help	veterinarians	 in	

Ethiopia	in	making	more	informed	therapeutic	choices,	and	tailor	advice	for	prevention	of	

disease	in	these	hard-working	animals.		

	

Methods	

	

Horses	 were	 identified	 at	 one	 of	 four	 SPANA	 clinic	 locations	 in	 Central	 Ethiopia	 from	

September	 (end	 of	 long	 rains)	 to	 December	 2014	 (dry	 season).	 The	 locations	 included	

Debre	Zeit,	Adama,	Akaki	and	Modjo,	all	within	the	Oromia	region.	Cases	were	identified	as	
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either	owner-reported	coughing	in	preceding	7	days	or	clinically	apparent	cough,	an	active	

nasal	 discharge,	 or	 altered	 respiration	 on	 presentation.	 Controls	 were	 selected	 from	

animals	presenting	 to	 the	 clinic	without	 respiratory	 signs	 that	did	not	 require	 immediate	

attention	on	welfare	grounds.	Cases	and	controls	were	systematically	selected	as	the	next	

qualifying	animal	to	present	at	the	clinic.	

	

Some	 exclusion	 criteria	 were	 applied	 to	 both	 case	 and	 control	 selection	 including:	

suspected	 African	 Horse	 Sickness	 cases	 (periorbital	 swelling	 or	 oedema	 of	 head/neck	

alongside	 respiratory	 signs),	 suspected	 Epizootic	 Lymphangitis	 or	 possible	Glanders	 cases	

(multiple	and	chronic	subcutaneous	or	burst	cutaneous	nodules	along	lymphatics	or	nares),	

severe	 pleuropneumonia	 (depressed,	 anorexic,	 pyrexic,	 abducted	 forelimbs,	 pain	 on	

movement,	muffled	heart	sounds),	and	where	epistaxis	was	the	only	sign.		

	

The	 estimated	 sample	 size	 required	was	 94	 cases	 and	 94	 unmatched	 controls,	with	 80%	

power	 and	 95%	 confidence	 intervals,	 to	 detect	 an	 odds	 ratio	 of	 2.5	 or	 greater	 with	

exposures	of	20%	or	more.	

	

Owner	 consent	 for	 participation	 was	 obtained	 verbally	 after	 details	 of	 the	 study	 and	

potential	 risks	 of	 procedures	 were	 read	 out	 in	 the	 local	 language.	 Ethical	 approval	 was	

granted	in	UK	by	UoL’s	Veterinary	Research	Ethics	Committee	(VREC143)	and	in	Ethiopia	by	

University	Addis	Ababa	Ethics	Committee	(VM/ERC/001/06/014).	

	

Participants	 completed	an	questionnaire	 in	 their	 choice	of	 regional	 language	 (Amharic	or	

Afan	 Oromo)	 administered	 by	 a	 trained	 Ethiopian	 research	 assistant.	 The	 questionnaire	

(Appendix	 A)	 was	 piloted	 and	 underwent	 reverse	 translation	 before	 data	 collection	

commenced.	Responses	were	 recorded	using	pre-defined	categories	or	as	descriptions	 in	

English.	 Information	on	 feeding,	housing,	husbandry	and	management	practices,	exercise	

intensity,	 ownership	 and	 recent	 medical	 history	 were	 collected.	 For	 case	 animals,	

additional	information	on	the	duration	of	signs	and	any	treatments	administered	were	also	

recorded.	 Participants	 described	 any	 historical	 respiratory	 signs	 in	 their	 own	words	 first,	

before	 being	 offered	 to	 select	 from	 a	 visual	 chart	 of	 nasal	 discharge	 (as	 described	 in	

Chapter	2	and	3).	
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Clinical	 examination	 of	 all	 cases	 and	 controls	was	 performed	by	 the	 author,	 a	 veterinary	

surgeon,	and	 included:	estimation	of	age	based	on	dentition,	mainly	 incisor	eruption	and	

occlusal	surface	according	to	Richardson’s	recommendations	(Richardson	et	al.,	1995);	sex;	

body	condition	score	(BCS)	using	a	0-5	scale	(Carroll	and	Huntington,	1988);		presence	and	

description	 of	 nasal	 discharge	 (ND);	 gross	 characteristics	 of	 respiration;	 thoracic	

auscultation;	cranial	lymph	node	assessment;	and	rectal	temperature.		

	

	A	20ml	jugular	blood	sample	was	taken	into	EDTA.	Packed	cell	volume	(PCV)	was	measured	

using	a	microhaematocrit	and	total	plasma	protein	(TPP)	performed	using	a	refractometer	

within	6	hours	of	collection.	Thin	blood	smears	were	air	dried	and	fixed	in	methanol	before	

transportation	 back	 to	 the	UK	 (DEFRA	 Licence	 TARP/2014/03)	 and	 staining	with	Wright’s	

Stain.		

	

Endoscopy	of	the	respiratory	tract	to	the	level	of	the	carina	was	performed	by	the	author	

using	 an	 8mm	 1.1m	 optical	 endoscope	 (Woodley	 Equipment	 Company	 Ltd,	 Bolton,	 UK).	

Due	 to	 the	 requirement	 for	 horses	 to	 be	 returned	 to	 work	 as	 soon	 as	 possible	 after	

examination,	sedative	agents	were	not	administered.	A	humane	nose	twitch	was	applied	to	

aid	passing	of	the	endoscope	and	left	in	place	for	no	longer	than	20	minutes.	Secretions	at	

the	 ‘sump’	 of	 the	 trachea	were	 sampled	 by	 flushing	 20ml	 of	 sterile	 phosphate	 buffered	

saline	 (at	 ambient	 temperature,	 typically	 around	 22°C)	 into	 the	 trachea	 via	 a	 sterile		

endoscopic	 catheter	 before	 being	 aspirated	 again.	 Collection	 of	 this	 tracheal	 wash	 was	

performed	 before	 thorough	 visual	 inspection	 of	 respiratory	 tract.	 Cough	 response	 on	

endoscopy	(none/occasional/frequent/severe)	was	recorded;	visible	tracheal	mucus	scored	

0-3	(as	detailed	in	Appendix	B);	lymphoid	hyperplasia	was	scored	0-4	(Barakzai,	2007;	Raker	

and	 Boles,	 1978);	 and,	 appearance	 of	 the	 carina	 (blunt	 or	 sharp)	 was	 noted.	 Gross	

pathology	 of	 nasopharynx,	 larynx	 or	 trachea	 was	 also	 noted,	 including	 any	 lesions	 or	

hyperaemia.	Displacement	of	the	soft	palate	or	abnormalities	in	the	abduction	of	arytenoid	

cartilages	 was	 recorded.	 A	 visual	 inspection	 of	 the	 guttural	 pouch	 for	 presence	 of	 pus,	

chondroids	or	scarring	was	attempted	in	animals	with	clinical	signs	suggestive	of	strangles	

infection	(mucopurulent	nasal	discharge	or	enlarged	cranial	lymph	nodes).	The	endoscope	

underwent	 a	 full	 cleaning	 routine	 between	 animals	 in	 accordance	 with	 manufacturer’s	

guidelines,	namely	washing	with	biological	detergent	followed	by	20-minute	submersion	in	

gluteraldehyde	 disinfectant.	 The	 endoscope,	 including	 the	 instrument	 channel,	 was	

thoroughly	rinsed	with	sterile	water	prior	to	re-use.	
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Gross	appearance	of	the	tracheal	wash	fluid	was	described	and	two	smears	prepared	using	

sediment	 following	centrifugation	and	 fixed	 in	methanol.	These	were	 imported	to	 the	UK	

under	 DEFRA	 licence	 (TARP/2014/163).	 These	 slides	 were	 stained	 with	 May-Grunwald-

Giemsa	 and	 were	 evaluated	 by	 a	 single	 board	 certified	 clinical	 pathologist.	 Cytological	

assessments	were	 carried	 out	 using	methods	 adapted	 from	 those	 described	 by	Whitwell	

and	 Greet	 (1984).	 Smears	 were	 examined	 at	 high	 power	 field	 (50x-100x)	 for	 leukocyte	

differential	 count	 determined	 by	 counting	 a	 minimum	 of	 200	 cells	 (excluding	 epithelial	

cells).	 The	 neutrophil	 classification	 as	 non-degenerate	 and	 degenerate	 was	 based	 on	

cellular	morphology.	Non-degenerate	neutrophils	were	well	preserved	with	no	nuclear	or	

cytoplasmic	 changes	 and	 were	 similar	 in	 appearance	 to	 neutrophils	 in	 peripheral	 blood.	

Degenerate	 neutrophils	 were	 classified	 as	 neutrophils	 with	 swollen	 and	 pale	 nuclear	

chromatin.	Macrophages	were	assessed	for	signs	of	phagocytosis,	erythrophagocytosis	and	

for	 presence	 of	 dark	 intracytoplasmic	 material	 (likely	 haemosiderin).	 A	 subjective	

evaluation	of	the	following	elements	was	also	made:	respiratory	epithelial	cells,	squamous	

epithelial	cells,	mucus,	presence	of	any	foreign	material,	and	presence	of	infectious	agents,	

in	particular	bacteria.	Bacteria	when	present	were	subjectively	quantified	and	their	location	

(eg.	 adherent	 to	 squamous	 epithelial	 cells,	 extracellular	 or	 intracellular)	 and	morphology	

were	 indicated	 (cocci/rods).	 There	 are	 no	 published	 accepted	 reference	 intervals	 for	

tracheal	wash	differential	cell	counts,	so	values	used	in	this	study	were	those	of	Richard	et	

al.	(2010),	who	considered	a	range	of	studies	to	establish	cut-off	values.		

	

A	 clinical	 score	 for	mild	 to	moderate	 equine	 asthma	 (Inflammatory	 Airway	 Disease)	was	

based	 on	 tracheal	 wash	 cellular	 density,	 neutrophil	 proportion	 and	 tracheal	 mucus	

according	 to	 Chapman	et	 al.	 (2000)	 and	utilised	 by	 Cardwell	 et	 al.	 (2011b).	 An	 IAD	 (mild	

asthma)	score	≥	6/9	is	suggested	to	be	indicative	of	tracheal	asthma	(trIAD).		

	

All	 questionnaire,	 clinical	 examination	 and	 haematological	 data	 were	 entered	 onto	 a	

spreadsheet	 programme	 (Microsoft	 Excel,	 2010).	 Correct	 data	 inputting	 was	 visually	

verified	 for	5%	of	all	entries.	Horse,	owner	and	management	 level	associations	with	case	

status	 were	 investigated	 using	 univariable	 logistic	 regression	 using	 R	 Studio	 (version	

0.98.1103).	 Continuous	 variables	 were	 assessed	 for	 linearity	 using	 generalised	 additive	

models	(GAM).	The	association	between	clinical,	endoscopic	and	cytological	variables	with	

the	 outcome	 (case	 or	 control)	 were	 assessed	 in	 univariable	 models	 only.	 This	 was	 to	

address	 the	 likelihood	 that	 these	 variables	 are	 more	 likely	 to	 be	 a	 consequence	 of	 the	
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respiratory	 disease	 (rather	 than	 the	 cause	 of	 it)	 and	 because	 they	 are	 often	 likely	 to	 be	

correlated	with	each	other.	Where	cells	 for	variables	 in	each	category	 (cases	or	 controls)	

were	empty,	a	single	individual	was	added	to	that	cell	to	allow	calculation	of	odds	ratios.	

	

Variables	 for	 inclusion	 in	 a	 multivariable	 analysis	 to	 assess	 risk	 factors	 for	 respiratory	

disease	 included	 those	 with	 p<0.25	 from	 the	 univariable	 analysis.	 These	 variables	 were	

assessed	 for	 correlation:	 a	 correlation	 coefficient	 of	 greater	 than	 0.7	 was	 considered	

significant;	the	variable	with	the	greatest	p-value	in	the	comparison	with	the	outcome	was	

then	 omitted	 from	 subsequent	 analysis.	 A	 manual	 backwards	 stepwise	 approach	

eliminated	each	variable	until	only	those	with	a	likelihood	ratio	p-value<0.05	remained,	or	

where	their	removal	resulted	in	a	>25%	change	in	coefficient	of	another	variables.	The	final	

model	was	 assessed	 for	 two-way	 interactions.	 The	Hosmer-Lemeshow	 statistic	measured	

goodness	of	 fit	of	the	final	model	and	delta-beta	values	and	 influence	plots	were	used	to	

identify	the	sensitivity	of	the	model	to	individual	observations.	

	

Results	

	

A	total	of	108	horses	meeting	the	case	definition	and	93	unmatched	controls	presenting	to	

the	 clinics	 were	 fully	 examined.	 Cases	 presented	 with	 one	 or	 multiple	 case	 criteria:	 39	

(36%)	were	seen	coughing	during	examination,	96	(89%)	had	a	history	of	coughing	in	last	7	

days,	 58	 (54%)	 had	 nasal	 discharge	 (28	 serous,	 30	 mucopurulent)	 and	 20	 (19%)	 had	

dyspnoea.	In	addition	67	(62%)	had	a	history	of	nasal	discharge	in	last	7	days	(39	serous,	28	

mucopurulent)	 and	 39	 (36%)	 had	 a	 history	 of	 altered	 respiration	 not	 seen	 during	

examination.	Over	a	quarter	of	cases	(28%)	presented	with	acute	respiratory	signs	 lasting	

less	than	7	days	but	mostly	animals	had	been	affected	for	between	7	and	30	days	 (57%),	

with	 a	 smaller	 number	 (15%)	 suffering	 chronic	 signs	 lasting	 over	 one	 month.	 No	

participants	 reported	 a	 recurrence	 of	 signs,	 however	 the	 vast	 majority	 (97.5%)	 of	 all	

animals	 examined	had	been	owned	 for	 less	 than	 a	 year,	making	 the	 long-term	 recurrent	

nature	of	disease	difficult	to	assess.	Participants	reported	reduced	work	ability	or	exercise	

intolerance	 due	 to	 respiratory	 signs	 for	 54%	 of	 cases.	 The	majority	 of	 cases	 (87%)	were	

being	examined	 for	 the	 first	 time,	but	3	were	 revisits	 following	antibiotic	 treatment	with	

trimethroprime	sulphonamides	over	1	month	ago	(n=2)	or	after	finishing	treatment	5	days	

ago	 (n=1).	 	A	 further	9	 animals	had	been	 treated	at	 government	 clinics,	 receiving	mostly	

combined	 penicillin	 and	 streptomycin	 (n=7)	 injections	 as	 a	 single	 dose	 or	 repeated	 for	 3	
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days,	 and	 one	 animal	 receiving	 oxytetracycline	 injection	 for	 2	 days.	 Antibiotic	 treatment	

courses	 were	 completed	 ≥7	 days	 ago	 in	 most	 of	 these	 animals	 (6/9).	 A	 single	 owner	

reported	administering	his	own	treatment	by	drenching	with	an	egg.	All	animals	that	had	

previously	 received	 veterinary	 attention	 for	 respiratory	 disease	 were	 returning	 due	 to	 a	

failure	to	resolve	signs.		

	

Control	horses	were	presented	for	a	variety	reasons,	the	majority	(75%)	were	attending	for	

AHS	 vaccination,	 routine	 deworming	 or	 requiring	 an	 identity	 document	 for	 cart	 licences.	

Others	 (23%)	 presented	 with	 lameness,	 minor	 wounds,	 or	 for	 dental	 rasping	 or	 ocular	

problems.	 The	 large	 number	 of	 animals	 attending	 for	 preventative	medicine	 is	 typical	 of	

the	time	of	year	as	annual	calls	for	AHS	vaccination	and	deworming	are	made.	All	animals	

examined	 were	 male	 and	 breed	 type	 was	 the	 same	 across	 sample	 locations.	 The	 vast	

majority	of	cases	(96%)	and	controls	(99%)	were	used	as	cart	horses	and	were	mostly	(98%)	

owned	by	the	person	presenting	to	the	clinic.		

	

Inclusion	 in	 the	 study	 following	 completion	 of	 consent	 information	 was	 high	 (2	 cases	

declined),	but	some	animals	were	unable	to	be	fully	examined	for	behavioural	reasons.		

	

Univariable	 analyses	 of	 clinical	 and	 endoscopic	 findings	 are	 shown	 in	 Tables	 4.1	 and	4.2.	

Respiration	and	heart	 rates	 (RR/HR)	of	a	 small	number	of	animals	 (n=6)	 recently	working	

(<30mins	rested)	were	compared	to	RR/HR	for	all	other	animals,	but	showed	no	significant	

difference	and	were	therefore	included	in	subsequent	analyses.		

	

Comparison	of	cardiorespiratory	and	haematological	parameters	to	reference	intervals	for	

UK	horses	showed	a	trend	towards	lower	packed	cell	volume	(PCV)	and	high	total	plasma	

protein	(TPP)	and	RR	values	in	Ethiopian	control	animals	(Figure	4.1).	Comparison	was	also	

made	 to	 reference	 intervals	 for	 PCV	 and	 TPP	 in	 Pakistani	 working	 horses	which	 showed	

similar	 trends	 for	 lower	PCV	but	had	 lower	TPP	values	 than	 the	Ethiopian	horses.	Due	 to	

apparent	discordance	between	the	Ethiopian	results	and	published	reference	intervals,	the	

lack	 of	 obvious	 cut-offs	 for	 normal,	 and	 to	 avoid	 loss	 of	 data,	 cardiorespiratory	 and	

haematological	parameters	were	analysed	as	continuous	variables	(Table	4.1).		

	

From	the	univariable	analyses,	there	were	no	significant	associations	between	case	status	

and	heart	rate,	respiratory	rate,	packed	cell	volume	or	total	plasma	protein	and	respiratory	

signs.	



CHAPTER	4																	
	
98	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Figure	 4.1:	Distribution	curves	of	 clinical	 parameters	of	 control	 horse	population	

(n=93)	 shown	 with	comparison	 to	 published	 reference	 intervals	 for	 other	

populations.	 Upper	 and	 lower	 limits	 for	 normal	 for	 a	 UK	 horse	 population	 was	

taken	 from	 (Knottenbelt,	 2006)	 and	 are	 shown	 in	 green.	 Comparison	 of	

haematological	values	to	those	from	another	working	equid	population	in	Pakistan	

are	shown	in	blue	dashes	(Pritchard	et	al.,	2009).	2.5%	and	97.5%	percentiles	for	

this	study	population	are	marked	in	grey	dashes.		
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Table	 4.1:	Univariable	 logistic	 regression	 results	 of	 cardiorespiratory	 and	haematological,	

continuous	 variables	 from	 physical	 examination	 associated	 with	 respiratory	 cases	 in	

working	horses	in	Ethiopia	(n=201,	108	cases	and	93	controls).		

Variable	

Median	

Case	 IQR	

Median	

Control	 IQR	

Odds	

Ratio	

Lower	

95%	CI	

Upper	

95%	CI	

Wald		

p-value	

Respiratory	rate	(br/m)	 32	 20-44	 28	 20-40	 1.02	 1.00	 1.04	 0.08	

Heart	rate	(bpm)	 48	 44-52	 44	 40-52	 1.02	 0.98	 1.06	 0.38	

Packed	cell	volume	 30%	 28-33%	 32%	 30-34%	 0.02	 0.00	 12.40	 0.23	

Total	plasma	protein	

(g/dL)	
7.6	 7.3-8.0	 7.6	 7.2-8.0	 0.90	 0.70	 1.20	 0.52	

IQR	–	Inter-quartile	Range,	CI	–	Confidence	Interval	

	

	

	

Comparison	 of	 results	 from	 cytological	 examination	 of	 peripheral	 blood	 showed	 no	

significant	 differences	 between	 case	 or	 control	 differential	 white	 blood	 cells	 (WBC),	

although	‘abnormal’	counts	were	a	frequent	occurrence.	Increased	neutrophils,	defined	as	

greater	than	55%	of	white	blood	cells,	were	detected	in	70%	of	cases	and	71%	of	controls.	

Roughly	the	same	proportion	had	decreased	number	of	lymphocytes	(<35%)	in	blood.	Due	

to	the	proportional	nature	of	the	counting	method	for	peripheral	WBCs,	it	is	not	possible	to	

ascertain	whether	one	of	these	findings	is	an	artefact	from	an	increase	or	decrease	in	other	

cell	lines.	The	association	between	airway	cytology	profiles	and	systemic	inflammatory	cell	

proportions	were	 assessed,	with	 32%	 (26/81)	 cases	with	 airway	 neutrophilia	 also	 having	

increased	 systemic	 neutrophils,	 which	 was	 similar	 in	 controls	 (33%,	 13/40).	 Only	 one	 of	

twenty-eight	 cases	 (4%)	 with	 respiratory	 eosinophilia	 also	 had	 systemically	 raised	

eosinophils,	compared	to	three	of	the	thirty-four	controls	(9%).		

	

Horses	presenting	 for	respiratory	disease	were	nearly	 ten	times	more	 likely	 than	controls	

to	 have	 abnormal	 lung	 sounds.	 Thoracic	 auscultation	 commonly	 revealed	 adventitious	

sounds	often	diffusely	over	 lung	 fields	 (32	cases	and	7	controls),	with	occasional	 tracheal	

crackles	 (2	 cases)	 and	 others	 with	 reduced	 lung	 sounds	 (7	 cases	 and	 1	 control).	 High-

pitched	 wheezing	 sounds,	 sometimes	 associated	 with	 lower	 airway	 pathology,	 were	 not	

detected	 in	 this	 population.	 	 A	 small	 number	 of	 case	 animals	 also	 had	 enlarged	 cranial	

lymph	nodes	(4)	and	pyrexia	was	significantly	associated	with	case	animals.		
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Table	 4.2:	Univariable	 logistic	 regression	 results	 of	 physical	 examination,	 endoscopic	 and	
cytological	findings	associated	with	respiratory	disease	in	working	horses	in	Ethiopia		
	(n=201;	108	cases	and	93	controls).		 	

Variable	 	
case		
n									%	

control		
n										%	

Odds	
Ratio	

Lower	
95%	CI	

Upper	
95%	CI	

Wald		
p-value	

Clinical	exam	findings:	 	 	 	 	 	 	 	 	 	
Cranial	lymph	nodes	 normal	 104	 96	 93	 100	 ref	 	 	 	
	 enlarged	 4	 4	 0	 0	 3.5	 0.4	 32.2	 0.21	
Respiratory	auscultation	 normal	 53	 50	 84	 90	 ref	 	 	 	
	 abnormal	 54	 50	 9	 10	 9.5	 4.3	 20.8	 <0.01	
Pyrexia	 <39.0°C	 98	 93	 89	 99	 ref	 	 	 	
	 ≥39.0°C	 7	 7	 1	 1	 6.4	 0.8	 52.7	 0.09	
Demeanour	 bright	&	responsive	 84	 78	 72	 77	 ref	 	 	 	
	 quiet	or	dull	 24	 22	 21	 23	 1.0	 0.5	 2.0	 0.50	
Blood	parameters:	 	 	 	 	 	 	 	 	 	
Packed	cell	volume	 <30%	 34	 31	 21	 23	 1.6	 0.8	 3.0	 0.16	
	 30-46%	 74	 69	 72	 77	 ref	 	 	 	
	 >46%	 0	 0	 0	 0	 -	 	 	 	
Total	plasma	protein	 <6.5	g/L	 0	 0	 2	 2	 0.7	 0.1	 7.5	 0.73	
	 6.5-7.3	g/L	 28	 26	 35	 38	 ref	 	 	 	
	 >7.3	g/L	 79	 74	 56	 60	 1.8	 1.0	 3.4	 0.05	
Neutrophil	proportion	 <45%	 10	 9	 12	 13	 0.6	 0.2	 1.7	 0.25	
	 45-55%	 22	 21	 15	 16	 ref	 	 	 	
	 >55%	 75	 70	 66	 71	 0.8	 0.4	 1.6	 0.50	
Eosinophils	proportion	 ≤5%	 94	 88	 84	 90	 ref	 	 	 	
	 >5%	 13	 12	 9	 10	 1.3	 0.5	 3.2	 0.58	
Lymphocyte	proportion	 <35%	 77	 72	 65	 70	 1.0	 0.5	 1.9	 0.90	
	 35-50%	 26	 24	 21	 23	 ref	 	 	 	
	 >50%	 4	 4	 7	 8	 0.5	 0.1	 1.8	 0.26	
Monocyte	proportion	 ≤3%	 27	 25	 23	 25	 ref	 	 	 	
	 >3%	 80	 75	 70	 75	 1.0	 0.5	 1.9	 0.94	
Endoscopy	findings:	 	 	 	 	 	 	 	 	 	
Cough	on	endoscopy	 none	or	occasional	 37	 36	 81	 87	 ref	 	 	 	
	 frequent	or	severe	 65	 64	 12	 13	 11.9	 5.7	 24.6	 <0.01	
Lymphoid	hyperplasia	 grade	0-2	 101	 99	 93	 100	 -	 	 	 	
	 grade	3-4	 1	 1	 0	 0	 -	 	 	 	
Tracheal	mucus	 grade	0-1/3	 65	 64	 92	 99	 ref	 	 	 	
	 increased	(≥2/3)	 36	 36	 1	 1	 51.0	 6.8	 381.1	 <0.01	
Carina	appearance	 normal	 90	 90	 82	 89	 ref	 	 	 	
	 blunted	carina	 10	 10	 10	 11	 0.9	 0.4	 2.3	 0.84	
Blood	in	wash	sample	 not	identified	 89	 88	 83	 90	 ref	 	 	 	
	 blood	present	 12	 12	 9	 10	 1.2	 0.5	 3.1	 0.64	
Tracheal	wash	cytology:	 	 	 	 	 	 	 	 	 	
Neutrophil	proportion	 ≤19%	 24	 23	 47	 54	 ref	 	 	 	
	 >19%	 81	 77	 40	 46	 4.0	 2.1	 7.4	 <0.01	
Lymphocyte	proportion	 ≤21%	 100	 95	 72	 83	 ref	 	 	 	
	 >21%	 5	 5	 15	 17	 0.1	 0.1	 0.3	 <0.01	
Monocyte	proportion	 ≤96%	 105	 100	 87	 100	 	 	 	 	
	 >96%	 0	 0	 0	 0	 	 	 	 	
Eosinophil	proportion	 ≤2%	 77	 73	 53	 61	 ref	 	 	 	
	 >2%	 28	 27	 34	 39	 0.6	 0.3	 1.0	 0.07	
Mast	cell	proportion	 0%	 99	 94	 84	 97	 ref	 	 	 	
	 >0%	 6	 6	 3	 3	 1.7	 0.4	 7.0	 0.46	
IAD	score	 <6/9	 58	 59	 85	 98	 ref		 	 	 	
	 ≥6/9	 41	 41	 2	 2	 30.4	 7.0	 129.1	 <0.01	
Intracellular	bacteria	 not	identified	 87	 83	 86	 99	 ref	 	 	 	
	 present	 18	 17	 1	 1	 18.6	 2.4	 142.3	 <0.01	
Degenerative	neutrophils	 not	identified	 102	 	 92	 	 ref	 	 	 	
	 present	 5	 	 1	 	 4.5	 0.5	 39.3	 0.17	
Squamous	epithelial	cells	 not	identified	 89	 83	 59	 63	 ref	 	 	 	
	 present	 18	 17	 34	 37	 0.4	 0.2	 0.7	 <0.01	
RBC	on	smear	 not	identified	 97	 92	 82	 94	 ref	 	 	 	
	 present	 8	 8	 5	 6	 1.4	 0.4	 4.3	 0.61	
CI	-	confidence	interval.	Missing	observations	for	some	aspects	of	examination	not	detailed	but	due	to	recording	errors.		
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When	 comparing	 results	 for	 respiratory	endoscopy,	 case	horses	were	 twelve	 times	more	

likely	to	react	with	frequent	or	severe	coughing	than	controls	(Table	4.2).	There	were	few	

gross	 abnormalities	 in	 the	 upper	 respiratory	 tract	 of	 any	 horses,	 but	 increased	 tracheal	

mucus	 was	 a	 common	 occurrence	 in	 cases	 (36%)	 in	 contrast	 to	 just	 one	 control	 horse.	

Blunting	 of	 the	 carina	was	 infrequently	 detected	 and	was	 recorded	 in	 equal	 numbers	 in	

case	and	control	horses.		

	

Figure	4.2	illustrates	the	distribution	of	main	tracheal	wash	cell	types	for	case	and	control	

populations,	with	reference	to	the	most	widely	accepted	limits	for	normal.	Both	increased	

neutrophil	 and	 decreased	 lymphocyte	 proportions	 were	 significantly	 associated	 with	

horses	 showing	 respiratory	 signs,	 and	 these	 were	 also	 significant	 when	 considered	 as	

continuous	variables.	Overall	77%	of	cases	had	neutrophilia	compared	to	46%	of	controls.		
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Figure	 4.2:	Smoothed	distribution	curves	
(left)	 of	 tracheal	 wash	 white	 blood	 cell	
proportions.	 Cell	 proportions	 from	
control	animals	are	shown	in	grey	(n=87)	
with	 case	 horse	 results	 represented	 by	
the	 red	 line	 (n=105).	Cut-offs	 for	normal	
limits	 are	 shown	by	 the	dotted	 line.	 Box	
plot	 of	 neutrophil	 proportions	 for	 cases	
and	 controls	 (above)	 shows	 higher	 than	
normal	 proportions	 of	 neutrophils	 in	
many	case	animals.		
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Substantial	numbers	of	 tracheal	wash	samples	 from	both	cases	 (29%)	and	controls	 (39%)	

showed	 raised	 numbers	 of	 eosinophils;	 there	 was	 no	 significant	 association	 with	 the	

outcome.	Case	animals	were	nearly	twenty	times	more	likely	to	have	intracellular	bacteria	

in	 respiratory	 secretions	 (images	 in	 Appendix	 C).	 When	 intracellular	 bacteria	 were	

identified	 (cases	 n=18,	 controls	 n=1),	 a	 majority	 of	 cases	 (67%)	 were	 found	 with	 cocci,	

where	 bacterial	 morphology	 was	 described	 (8/12).	 Other	 findings	 on	 cytological	

examination	were	fungal	hyphae	in	one	case	and	three	controls,	and	pollen	granules	in	two	

case	samples.	Haemosiderophages	can	be	used	as	an	indicator	of	previous	bleeding	in	the	

lungs,	 such	as	occurs	with	exercise-induced	pulmonary	haemorrhage,	but	 this	was	a	 rare	

finding,	and	was	noted	in	just	one	control	horse.	One	control	horse	was	also	found	to	have	

a	small	blood	clot	in	wash	suggesting	a	recent	previous	pulmonary	haemorrhage.	However,	

the	presence	of	red	blood	cells	on	smears	or	fresh	blood	in	tracheal	washes	was	common,	

suggesting	 recent	 bleeding	 likely	 arising	 from	 endoscopy	 procedure	 and	 this	 was	 not	

investigated	further.	Degenerative	neutrophils	can	be	a	feature	of	septic	inflammation	but	

were	only	identified	in	five	cases	and	one	control.	Cases	were	over	thirty	times	more	likely	

to	have	an	increased	IAD	(mild	asthma)	score	than	controls.	

	

Results	of	univariable	 logistic	 regression	are	 shown	 in	Table	4.3	and	4.4.	 The	generalised	

additive	model	for	estimated	age	in	years	demonstrated	a	non-linear	relationship	with	case	

status	(Figure	4.3).	 	Age	was	therefore	fitted	into	a	subsequent	multivariable	model	using	

centred	 quadratic	 polynomial	 terms;	 centering	 was	 used	 to	 reduce	 the	 effect	 of	 any	

unwanted	multicolinearity	resulting	from	the	use	of	polynomial	terms	
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Figure	4.3:	GAM	plot	to	show	non-linearity	of	relationship	between	age	(years)	and	
respiratory	cases.	
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The	association	of	outcome	with	clinic	location	or	date	examined	was	initially	assessed	as	a	

fixed	 effect	 in	 a	 univariable	 logistic	 regression	 model.	 Neither	 proved	 significant	 and	

therefore	 subsequent	 analysis	 did	 not	 make	 adjustments	 for	 clinic,	 nor	 month	 of	

examination.			

	

The	final	multivariable	model	of	horse	and	management	factors	associated	with	respiratory	

disease	is	shown	in	Table	4.5.	Age	of	the	horse	was	significant	and	a	quadratic	polynomial	

provided	the	best	fit,	suggesting	young	horses	and	older	horses	were	at	increased	risk,	with	

the	lowest	risk	for	horses	around	an	estimated	9	or	10	years	of	age.	

	

The	 level	 of	 exercise	 intensity	 was	 significantly	 associated	with	 respiratory	 disease,	 with	

horses	 undergoing	 strenuous	 exercise	 nearly	 three	 times	 more	 likely	 to	 present	 with	

respiratory	 signs.	 This	 was	 independent	 of	 any	 effect	 from	 the	 actual	 number	 of	 hours	

worked	on	average	by	horses	 in	a	typical	week,	which	was	similar	 in	both	groups.	Horses	

that	 recently	 drank	 from	 a	 stagnant	 water	 source	 were	 at	 double	 the	 risk	 of	 suffering	

respiratory	disease	than	those	accessing	fresh	water	sources	only.	

	

Floor	 type	 used	 in	 housing	 was	 significantly	 associated	 with	 being	 a	 respiratory	 case,	 in	

particular	 a	 cobbled	 floor	made	of	 flat	 rocks	putting	horses	 as	 a	 three	 times	 greater	 risk	

when	compared	to	bare	earth	or	concrete	floors.	No	participants	reported	using	bedding	of	

straw	or	 similar	 in	 the	housing.	 The	 floor	 type	of	 the	housing	was	 retained	 in	 the	model	

despite	 the	 likelihood	ratio	 test	 statistic	of	0.06.	This	was	because	 this	variable	had	been	

significant	 (p=value=0.04)	 in	 the	 model	 excluding	 exercise	 intensity,	 and	 therefore	 with	

fewer	missing	values.	The	 inclusion	of	 floor	type	 improved	the	overall	model	 fit	 (Hosmer-

Lemeshow	test	statistic).	

	

The	Hosmer-Lemeshow	statistic	for	model	fit	did	not	indicate	the	model	fit	was	poor	(when	

g=8,	 H-L=0.38).	 Influence	 and	 delta-beta	 plots	 identified	 two	 clusters	 of	 two	 and	 three	

samples	 with	 the	 highest	 leverage	 on	 the	 model	 (Appendix	 D).	 These	 samples	 were	

checked	 for	 data	 entry	 errors	 and	 extreme	 values.	 Leverage	 was	 less	 than	 0.15	 for	 all	

individuals	 and	 the	 influence	 exerted	 to	 perturb	 the	 model	 was	 low.	 There	 were	 no	

significant	two-way	interactions	identified	in	the	final	model.		
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Table	4.3:	Univariable,	 logistic	regression	of	risk	factors	associated	with	cases	(*	 indicates	
variables	included	in	the	initial	multivariable	model).	

Variable	 	
case	
n	 %	

control		
n									%	

Odds	
Ratio	

Lower	
95%CI	

Upper	
95%CI	

Wald		
p-value	

Clinic	location	 Adama	 19	 18	 18	 19	 ref		 	 	 	
	

Akaki	 25	 23	 22	 24	 1.1	 0.5	 2.6	 0.87	

	
Debre	Zeit	 51	 47	 46	 49	 1.1	 0.5	 2.2	 0.90	

	
Modjo	 13	 12	 7	 8	 1.8	 0.7	 5.4	 0.32	

Recent	purchase	&	moved:	 no	change	in	climate	 24	 77	 17	 65	 ref	 	 	 	
	

Yes,	changed	climate	 7	 23	 9	 35	 0.6	 0.2	 1.8	 0.32	
Cart-horse	Association		 non-member	 68	 64	 65	 73	 ref	

	 	 	
	

member	 38	 36	 24	 27	 1.5	 0.8	 2.8	 1.19	
Dewormed																		 no	 89	 82	 75	 81	 ref	 	 	 	
	

yes	in	last	12mths	 19	 18	 18	 19	 0.9	 0.4	 1.8	 0.75	
AHS	Vaccination		 no	 45	 42	 39	 42	 ref	

	 	 	
	

yes,	last	12mths	 63	 58	 53	 58	 1.0	 0.6	 1.8	 0.92	
Work	related	factors:	 	 	 	 	 	 	 	 	 	Work	type	 saddle	 4	 4	 1	 1	 ref	

	 	 	
	

cart	 102	 96	 92	 99	 0.3	 <0.1	 2.5	 0.26	
Work	distance	type	 long,	between	towns	 21	 22	 12	 14	 ref	

	 	 	
	 short,	within	town	 75	 78	 76	 86	 0.6	 0.3	 1.2	 0.15*	
Work	intensity	 easy	 43	 42	 38	 42	 ref	

	 	 	
	

moderate	 33	 32	 35	 39	 0.8	 0.4	 1.6	 0.58	

	
strenuous	 22	 22	 10	 11	 1.9	 0.8	 4.6	 0.13*	

	 variable	 4	 4	 7	 8	 0.5	 0.1	 1.9	 0.30	
Housing:	 	 	 	 	 	 	 	 	 	Overnight	housing:	 shelter	provided	 66	 61	 57	 62	 ref	

	 	 	
	

turned	loose	 42	 39	 35	 38	 1.0	 0.6	 1.8	 0.90	
Housing	shared:	 yes	 63	 58	 57	 61	 0.8	 0.5	 1.6	 0.67	

	
no	 45	 42	 36	 39	

	 	 	 	Shared	with	:		 not	shared	 	63	 	58	 	57	 	61	 ref	
	 	 	

	
horses	 43	 40	 35	 38	 1.1	 0.6	 2.0	 0.72	

	 livestock	 2	 2	 1	 1	 1.8	 0.2	 20.5	 0.63	
Floor	of	housing:	 concrete	 7	 6	 13	 14	 ref	

	 	 	
	

bare	earth	 50	 46	 52	 56	 1.8	 0.7	 4.8	 0.26	

	
flat	rocks	(cobbled)	 51	 47	 28	 30	 3.4	 1.2	 9.5	 0.02*	

Feeding	and	Water	Provision:	

	

	 	 	 	 	 	 	 	 	
Water	provision	 once	/	working	day	 2	 2	 1	 1	 ref	

	 	 																								(working	day)	 twice	 21	 19	 22	 24	 0.5	 <0.1	 5.6	 0.56	

	
three	times	 57	 53	 45	 48	 0.6	 0.1	 7.2	 0.71	

	 four	times	+	 19	 18	 19	 20	 0.5	 0.0	 6.0	 0.58	
Water	access:	 individual	 38	 36	 31	 34	 ref	

	 	 	
	

shared	with	others	 68	 64	 59	 66	 0.9	 0.5	 1.7	 0.84	
Drank	stagnant	water		 no	 84	 79	 79	 88	 ref	

	 	 	
																											(last	14d)	 yes	in	last	14d	 23	 21	 11	 12	 2.0	 0.9	 4.3	 0.09*	
Fed	wheat	bran	 no	 3	 3	 0	 0	 ref	 	 	 	
	

yes	 105	 97	 93	 100	 0.4	 0.0	 3.7	 0.41	
Fed	hay/straw	 no	 48	 44	 49	 53	 ref	

	 	 	
	 yes	 60	 56	 44	 47	 1.4	 0.8	 2.4	 0.24*	
Fed	grains	 no	 95	 88	 84	 90	 ref	 	 	 	
	

yes	 13	 12	 9	 10	 1.3	 0.5	 3.1	 0.59	
Fed	cut	grass	 no	 88	 81	 75	 81	 ref	

	 	 	
	 yes	 20	 19	 18	 19	 0.9	 0.5	 1.9	 0.88	
Allowed	to	graze	(grass)	 no	 53	 49	 38	 41	 ref	 	 	 	
	

yes	 55	 51	 55	 59	 0.7	 0.4	 1.3	 0.24*	
Quality	of	feed:	 good	 95	 88	 95	 102	 ref	

	 	 	
	 poor	(dusty)	 8	 7	 7	 8	 1.0	 0.3	 2.8	 0.98	

	 variable	 5	 5	 4	 4	 1.1	 0.3	 4.1	 0.91	
Feed	soaked	before	fed	 never	or	occasionally	 88	 82	 76	 82	 ref	

	 	 	
	

always	 19	 18	 17	 18	 1.0	 0.5	 2.1	 0.92	
Feeding	method:	 nose	bag	 1	 1	 1	 1	 ref		 	 	 	
	 open	bag	 2	 2	 2	 2	 1.0	 <0.1	 29.8	 1.00	

	
trough/bowl	 104	 97	 90	 97	 1.2	 0.1	 18.7	 0.92	

Feeding	area:	 individual	
Shared	with	others	

65	
41	

61	
39	

57	
35	

62	
38	

Ref	
1.0	

	
0.6	

	
1.8	

	
0.93	

	

35	

38	

1.0	

0.6	

1.8	

0.93	
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Table	4.4:	Univariable	logistic	regression	results	of	continuous	variables	of	horse	dental	age	

and	owner	questionnaire	responses	associated	with	respiratory	cases	in	working	horses	in	

Ethiopia	(n=201,	108	cases	and	93	controls).		

Variable	

Median	

Case	 IQR	

Median	

Control	 IQR	

Odds	

Ratio	

Lower	

95%	CI	

Upper	

95%	CI	

p-

value	

Clinic	date	attended		

(Day	1-50)	
28	 16-39	 29	 16-40	 0.99	 0.97	 1.01	 0.49	

Duration	of	horse	ownership	(days)	150	 30-365	 180	 30-365	 1.00	 1.00	 1.00	 0.13*	

Work	hours	per	week	 36	 30-42	 36	 30-42	 1.01	 0.99	 1.03	 0.26	

Age	Centred	(years)	 11	 7-15	 11	 7-15	 1.02	 0.96	 1.08	 0.54	

Age^2	
	 	 	 	

1.01	 1.00	 1.02	 0.02*	

IQR	–	Inter-quartile	Range,	CI	–	Confidence	Interval,	*	variables	included	in	multivariable	analysis	

	

	

	

	

	

	

Table	 4.5	Multivariable	 logistic	 regression	 of	 factors	 associated	with	 respiratory	 cases	 in	

working	horses	in	Ethiopia	(n=190,	102	cases	and	88	controls)	

	

Variable	 Coefficient	

(Std.	Error)	

Odds		

Ratio	

Lower	

95%	CI	

Upper	

95%	CI	

LRS		

p-value	

Age	centred	(years)	 0.03	(0.03)	 1.03	 0.97	 1.09	 0.33	

Age	centred	squared	(years)	 0.01	(0.01)	 1.01	 1.00	 1.02	 0.03	

Work	intensity:		 	 	 	 	 0.02	

Easy	-	moderate	or	variable	 ref	 	 	 	 	

Strenuous	 0.99	(0.43)	 2.69	 1.15	 6.31	 	

Drank	stagnant	water	(last	14d):	 	 	 	 	 0.05	

No	 ref	 	 	 	 	

Yes	 0.82	(0.42)	 2.27	 1.00	 5.20	 	

Floor	type	(housing):	 	 	 	 	 0.06	

Bare	earth/sandy	soil	 ref	 	 	 	 	

Flat	rocks	(cobbled)	 0.69	(0.33)	 1.99	 1.05	 3.81	 	

Concrete	 -0.31(0.56)	 0.74	 0.24	 2.23	 	

CI	–	Confidence	Interval,	LRS	–	Likelihood	ratio	statistic	
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Discussion	

	

This	is	the	first	study	to	detail	underlying	airway	pathology	in	Ethiopian	horses	presenting	

with	respiratory	signs	and	to	 identify	risk	factors	for	disease.	The	case	definition	 included	

multiple	signs	of	respiratory	pathology	including	coughing,	nasal	discharge	and	ventilation	

changes.	 Clinical	 examination	 and	 endoscopic	 findings	 confirm	 that	 presenting	 as	 a	 case	

was	 significantly	 associated	with	 lower	 airway	 disease,	 as	 evidenced	 through	 association	

with	 altered	 lung	 auscultation;	 visually	 increased	 tracheal	 mucus;	 and	 neutrophilia	 from	

tracheal	secretions.	Nevertheless,	20%	of	cases	had	neither	 increased	tracheal	mucus	nor	

neutrophilia,	perhaps	suggesting	that	respiratory	disease	may	 involve	other	pathology,	or	

that	some	animals	were	incorrectly	identified	as	cases.	

	

Clinical,	 endoscopic	 and	 cytological	 variables	 are	 all	 likely	 to	 be	 effects	 of,	 rather	 than	

primary	 causes	 of,	 underlying	 respiratory	 disease	 and	 as	 such	 were	 not	 assessed	 as	

potential	risk	factors	in	multivariable	regression.	Due	to	the	proportional	nature	of	cytology	

results,	 correlation	 can	 affect	 the	 interpretation	 of	 these	 relative	 rather	 than	 absolute	

inflammatory	 cell	 counts:	 frequent	 and	 strong	neutrophilic	 inflammation	 seen	on	 smears	

can	 make	 it	 difficult	 to	 assess	 other	 cell	 lines	 showing	 more	 subtle	 changes.	 Smoothed	

distribution	 curves	 highlight	 the	 strong	 contrast	 in	 degrees	 of	 neutrophilic	 inflammation	

between	 cases	 and	 controls,	 where	 the	 significant	 association	 of	 low	 lymphocytes	 is	

possibly	an	artefact	of	a	dominant	neutrophilic	inflammation.		

	

It	was	expected	that	lower	airway	inflammation	would	lead	to	increased	mucus	secretion,	

and	 that	 mucus	 accumulation	 in	 the	 trachea	 would	 subsequently	 lead	 to	 coughing	

(Bedenice	 et	 al.,	 2008).	 Of	 those	 animals	with	 increased	 tracheal	mucus,	 over	 half	 were	

seen	coughing	during	examination	and	the	remainder	all	had	a	recent	history	of	coughing	

in	 the	 last	 week.	 These	 results	 are	 in	 agreement	 with	 findings	 in	 other	 studies	 that	

coughing	 is	 a	 specific	 indicator	 for	 tracheal	 mucus	 (Burrell	 et	 al.,	 1996;	 Christley	 et	 al.,	

2001b;	 Robinson	 et	 al.,	 2006)	 and	 further	 supports	 the	 potential	 usefulness	 of	 owner	

reporting	of	signs	in	this	population,	as	has	been	demonstrated	elsewhere	(Rettmer	et	al.,	

2015).	 The	 specificity	 of	 coughing	 as	 an	 indicator	 for	 airway	 neutrophilia,	 rather	 than	

increased	 mucus,	 was	 much	 less	 useful	 however,	 as	 has	 been	 found	 in	 other	 studies	

(Holcombe	et	al.,	2006;	MacNamara	et	al.,	1990;	Widmer	et	al.,	2009).		
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Increased	 neutrophils	 in	 respiratory	 secretions	 are	 a	 common	 occurrence	 in	 equine	

asthma,	 found	 in	 both	mild	 and	 severe	 phenotypes.	 Increased	 neutrophils	 in	 respiratory	

secretions,	in	isolation	from	increased	tracheal	mucus,	may	not	impair	functionality	of	the	

airways	and	therefore	not	be	a	cause	of	poor	performance	(Holcombe	et	al.,	2006).	As	such	

it	is	useful	to	consider	airway	neutrophils	in	combination	with	tracheal	mucus.	A	score	for	

mild	asthma	(IAD	score)	based	on	tracheal	mucus	and	respiratory	cytology	was	calculated	

according	 to	 Cardwell	 et	 al.	 (2011b).	 This	 score	was	 found	 to	 be	 significantly	 associated	

with	cases,	with	an	odds	ratio	of	over	30.	However,	 these	scores	were	based	on	tracheal	

sampling,	 which	 is	 subject	 to	 greater	 variation	 in	 normal	 cytology	 profiles	 than	 the	

preferred	 bronchoalveolar	 lavage	 (Hughes	 et	 al.,	 2003;	 Malikides	 et	 al.,	 2003).	 As	 such,	

results	 can	only	be	 interpreted	as	an	 indicator	 for	 tracheal	 inflammation	 (Cardwell	et	al.,	

2011a).	A	bronchoalveolar	lavage	is	a	relatively	more	invasive	procedure	typically	requiring	

sedation	and	longer	examination.	This	was	not	a	feasible	option	in	this	study	given	the	lack	

of	locally	available	suitable	sedative	agents	and	horses	needing	to	return	to	work	swiftly.	

	

Duration	of	coughing	at	presentation	to	the	clinic	was	shorter	(75%	<30d	duration)	than	in	

some	other	 studies,	where	cough	often	 lasted	over	 thirty	days	 (Dixon	et	al.,	 1995a).	This	

could	 reflect	 more	 a	 rapid	 response	 of	 owners	 in	 the	 study	 areas	 to	 attend	 the	 free	

veterinary	clinic	when	signs	appear.		

	

An	absence	of	clinically	apparent	signs	does	not	rule	out	airway	inflammation	(Fraipont	et	

al.,	2011;	Newton	et	al.,	2003).	This	was	evident	in	this	study	as	many	control	horses	were	

found	 to	 have	 abnormal	 cytology	 results,	 with	 nearly	 half	 of	 the	 controls	 having	

neutrophilic	inflammation	of	airways.	The	inclusion	of	these	animals	into	the	control	group	

could	bias	results	towards	the	null	if	they	were	really	misclassified	cases,	meaning	that	the	

association	between	examination	findings	or	risk	factors	with	disease	could	be	greater	than	

these	results	suggest.		

	

Airway	neutrophilia	may	be	the	result	of	septic	inflammation.	This	could	be	due	to	primary	

or	 secondary	 bacterial	 colonisation	 as	 can	 occur	 with	 impairment	 of	 the	 mucociliary	

clearance	 in	 equine	 asthma	 (Slater,	 2007;	 Theegarten	 et	 al.,	 2008;	 Wood	 et	 al.,	 2005a,	

2005b)	 or	 following	 viral	 insult	 or	 smoke	 exposure	 (Wilkins,	 2003).	 Septic	 inflammation	

usually	 presents	with	 a	 large	 percentage	 of	 neutrophils,	 a	 frequent	 finding	 in	 this	 study.	

There	was	also	evidence	of	significantly	more	intracellular	bacteria	 in	cases	than	controls,	
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possibly	 supporting	 a	 role	 for	 septic	 inflammation,	 rather	 than	 the	 presence	 of	 bacteria	

simply	 being	 an	 artefact	 of	 the	 sampling	 procedure.	 However,	 the	 presence	 of	

degenerative	 cells,	 usually	 found	 with	 septic	 inflammation,	 was	 rare	 (Cian	 et	 al.,	 2015;	

Hewson	 and	 Arroyo,	 2015).	 Further	 speculation	 as	 to	 the	 aetiology	 of	 the	 frequent	

neutrophilia	 in	 equine	 airways	 in	 this	 study	 cannot	 be	 further	 differentiated,	 but	 the	

association	with	selected	infectious	agents	will	be	considered	in	the	next	chapter.		

	

Eosinophilia	 was	 a	 frequent	 finding	 in	 cases	 but	 more	 so	 in	 controls,	 and	 was	 not	

associated	with	presentation	for	respiratory	disease	as	found	in	previous	studies	(Christley	

et	 al.,	 2001b;	 Richard	 et	 al.,	 2010).	However,	 of	 the	 20%	of	 horses	with	 normal	 tracheal	

mucus	 and	neutrophils,	 nearly	 half	 had	 substantially	 increased	eosinophils.	 Infiltration	of	

eosinophils	 in	 lower	 airways	 are	 often	 in	 response	 to	 inhaled	 allergens	 (Beekman	 et	 al.,	

2012;	Ivester	et	al.,	2014;	Lavoie	et	al.,	2011)	and	in	human	asthma	there	also	exist	forms	

with	 and	 without	 eosinophilic	 inflammation	 (Bullone	 and	 Lavoie,	 2015).	 The	 lack	 of	

association	 of	 this	 form	 of	 airway	 inflammation	 with	 respiratory	 signs	 may	 suggest	

subclinical	airway	disease	or	recurrent	airway	obstruction	during	remission	(Laumen	et	al.,	

2010).	Eosinophilia	may	also	be	more	generally	common	than	 in	many	other	countries	 in	

response	 to	 lungworm	 infection,	but	 it	was	not	possible	 to	assess	occurrence	of	parasitic	

infections	due	to	a	lack	of	suitable	diagnostics	(Boyle	and	Houston,	2006).	Lungworm	may	

be	 prevalent	 due	 to	 the	 frequent	 contact	 between	 donkey	 and	 horse	 populations	 in	

Ethiopia	(Dixon	et	al.,	1995a).		

	

There	were	a	small	number	of	cases	and	controls	with	increased	respiratory	and	systemic	

eosinophils,	 including	 two	 controls	 with	 substantially	 increased	 levels	 of	 eosinophilis	 in	

their	airways,	possibly	suggesting	a	role	for	parasitic	lung	disease	causing	both	clinical	and	

subclinical	 disease	 (Riihimäki	 et	 al.,	 2008).	Systemic	 eosinophilia	 can	 also	 be	 a	 feature	 of	

some	phenotypes	of	equine	asthma	(Couëtil	and	Denicola,	1999;	Ivester	et	al.,	2014).	

	

A	 majority	 of	 both	 cases	 and	 controls	 had	 increased	 proportions	 of	 neutrophils	 in	

peripheral	blood	(55%)	compared	to	UK	reference	 intervals	 (Knottenbelt,	2006),	although	

this	was	 not	 associated	with	 signs	 of	 respiratory	 disease.	 Not	 all	 animals	with	 increased	

systemic	 neutrophils	 had	 evidence	 of	 neutrophils	 in	 the	 airways.	 This	 could	 mean	 that	

systemic	neutrophils	were	 increased	due	 to	other	non-respiratory	disease	processes.	The	

high	 incidence	of	co-morbidities,	 including	harness	wounds,	 recognised	 in	working	equids	
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(Pritchard	et	al.,	2005;	Scantlebury	et	al.,	2012;	Sells	et	al.,	2010;	Upjohn	et	al.,	2012)	could	

play	a	role,	but	were	not	recorded	sufficiently	for	analysis	in	this	study.		

	

Reduced	systemic	lymphocytes	were	noted	in	a	large	number	of	animals	across	both	case	

and	control	groups.	This	again	may	be	an	artefact	from	the	relative	nature	of	these	counts	

as	discussed	previously.	However,	a	 true	 lymphopenia	could	 indicate	acute	stress	or	viral	

challenge	 (Walton	 and	 Ames,	 2013)	 and	 highlight	 an	 on-going	 vulnerability	 to	 infectious	

challenges	(Lester	et	al.,	2015).		

	

Many	 animals	 in	 the	 control	 group	 were	 considered	 to	 have	 cardiovascular	 and	

haematological	parameters	outside	normal	ranges	generated	from	other	populations.	It	 is	

difficult	 to	 confirm	 this	 as	 a	 true	 physiological	 or	 pathological	 change,	 due	 to	 the	

differences	 in	 populations	 used	 for	 cut-offs	 of	 healthy	 normal.	 It	 is	 reported	 that	

respiratory	rate	can	increase	in	response	to	heat	stress	(Hargreaves	et	al.,	1999)	and	there	

could	feasibly	be	an	exaggerated	response	to	stress	or	a	prolonged	recovery	time	seen	in	

animals	 suffering	 existing	 airway	 inflammation	 (Fraipont	 et	 al.,	 2011)	 including	 horses	

suffering	subclinical	disease	(Newton	et	al.,	2003).	Identifying	a	suitable	control	population	

would	 allow	 locally	 applicable	 cut-off	 for	 normal	 to	 be	 calculated	 (Katayev	 et	 al.,	 2010)	

which	could	be	decided	retrospectively	following	results	of	examination.	Unfortunately,	the	

failure	to	record	co-morbidity	in	this	control	population	limits	its	usefulness	for	deciding	a	

reference	 interval	 for	 Ethiopian	 horses	 (International	 Federation	 of	 Clinical	 Chemistry,	

1987).		

	

Haematological	values	for	controls	were	also	frequently	outside	other	published	reference	

ranges,	including	those	for	working	equids	in	hot,	dry	environments	(Pritchard	et	al.,	2009).	

Anaemia	was	 common	 in	 cases	 and	 controls	 (despite	 using	 a	wide	 reference	 interval	 for	

normal)	and	was	not	associated	with	respiratory	disease.	Anaemia	has	been	highlighted	as	

a	 common	 affliction	 of	 working	 equids	 and	 a	 priority	 for	 further	 research	 should	 be	 to	

determine	 aetiologies	 in	 these	 populations	 (Stringer	 et	 al.,	 2015).	 Plasma	 protein	 levels	

were	 increased	 in	 a	 majority	 of	 cases	 and	 controls,	 but	 again	 did	 not	 demonstrate	 an	

association	with	outcome	status.	Increased	protein	levels	can	be	complicated	by	the	effect	

of	dehydration.	Other	signs	of	dehydration,	although	insensitive,	were	assessed,	and	were	

infrequently	 identified	 suggesting	 the	 possibility	 of	 a	 true	 rise	 in	 TPP,	 as	 may	 occur	

following	infections.	Further	interpretation,	such	as	through	measurement	of	albumin	and	
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globulin	 components	 of	 the	 TPP,	 could	 not	 be	 completed	 as	 samples	 were	 denatured	

during	the	heat	treatment	required	for	import	into	the	UK	(Tybor	et	al.,	1970).		

	

There	was	 increased	 likelihood	 of	 younger	 and	 older	 animals	 presenting	 as	 cases	 in	 this	

population.	 This	 age	 pattern	 has	 been	 found	 in	 other	 populations	 (Dixon	 et	 al.,	 1995b;	

Ramzan	et	al.,	2008).	The	decrease	in	incidence	as	horses	reach	adulthood	is	thought	to	be	

due	to	 increasing	 immunity	 to	pathological	challenges	or	a	build-up	of	 tolerance	to	other	

aetiological	agents	(Houtsma	et	al.,	2015;	Pusterla	et	al.,	2013;	Wood	et	al.,	2005a).	Beyond	

reaching	adulthood,	the	risk	of	respiratory	disease	then	also	 increases	going	 into	old	age.	

This	may	reflect	the	development	of	hypersensitivities	and	therefore	 incidence	of	chronic	

respiratory	disease	such	as	RAO,	as	is	seen	in	aging	populations	in	elsewhere	(Hotchkiss	et	

al.,	2007;	Rettmer	et	al.,	2015;	Robinson	et	al.,	2006;	Wheeler	et	al.,	2002).	

	

There	 was	 an	 increased	 risk	 of	 respiratory	 disease	 for	 animals	 housed	 on	 what	 owners	

described	as	‘flat	rocks’,	which	is	similar	to	a	cobbled	floor,	with	rocks	placed	on	the	ground	

but	 not	 cemented	 in	 position.	 This	 floor	 type	 posed	 a	 greater	 risk	 than	 a	 solid	 concrete	

floor	or	a	bare	earth	floor,	 leading	to	the	hypothesis	that	the	junction	between	earth	and	

rock	in	the	cobbled	floor	design	presents	a	risk.	It	could	be	suggested	that	this	junction	may	

be	more	difficult	to	keep	clean	than	a	solid	floor	alternative	but	a	cobbled	floor	may	also	

just	 represent	 a	 proxy	 for	 another	 management	 practice	 not	 identified	 on	 the	

questionnaire,	and	this	warrants	further	investigation.	Stabling	has	been	identified	in	other	

studies	 as	 a	 risk	 factor	 for	 disease	 through	 increased	 exposure	 to	 dust	 and	 allergens,	

especially	in	straw	or	hay	(Burrell	et	al.,	1996;	Millerick-May	et	al.,	2013;	Vandenput	et	al.,	

1998).	However,	no	participants	reported	using	straw	bedding	with	any	floor	type	and	the	

feeding	 of	 large	 quantities	 of	 hay,	 as	 may	 occur	 commonly	 in	 other	 countries,	 was	 not	

reported.	Hence,	the	stabling	conditions	experienced	by	horses	in	this	study	were	perhaps	

not	comparable	to	those	 in	other	studies	(Clements	and	Pirie,	2007b;	 Ivester	et	al.,	2014;	

Riihimäki	et	al.,	2008;	Robinson	et	al.,	2006).	

	

Horses	that	were	described	by	owners	as	performing	strenuous	work	were	at	increased	risk	

of	disease	in	this	study,	which	has	been	found	in	other	equine	(Austin	et	al.,	1995;	Folsom	

et	al.,	2001;	Horohov,	2003)	and	human	studies	(Nieman,	1997).	Strenuous	exercise	is	likely	

to	result	in	higher	ventilation	rates	and	increased	tidal	volumes	leading	to	increased	risk	of	

airway	contamination	(Raidal	et	al.,	1997;	Sweeney	et	al.,	1991b).	Additionally,	strenuous	
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exercise	in	a	dusty	environment	(e.g.	sand	race	track	surface	(Hobbs	et	al.,	2014)),	can	lead	

to	further	mucosal	damage,	and	dust	storms	have	also	been	associated	with	increased	LRT	

contamination	in	humans	(Jusot	et	al.,	2016).	Dust	exposure	during	work	was	not	measured	

during	 this	 study,	 but	 horses	 commonly	 were	 observed	 working	 on	 dirt	 roads	 in	 dry	

environmental	conditions.	Strenuous	exercise,	compared	to	moderate	exercise,	in	humans	

and	horses	can	also	cause	reduced	immunocompetence	with	increased	risks	of	respiratory	

disease	 (Mackinnon,	 1997;	 Raidal	 et	 al.,	 2000).	 It	 may	 also	 be	 possible	 that	 animals	

exercising	 intensely	may	 present	more	 obvious	 clinical	 signs	 of	 poor	 respiratory	 function	

and	therefore	be	more	likely	to	attend	clinics	as	a	case.	

	

Stagnant	water	 has	 not	 previously	 been	 identified	 as	 a	 risk	 factor	 for	 equine	 respiratory	

disease,	but	drinking	from	a	stagnant	water	source	was	found	to	be	a	significant	risk	factor	

for	 respiratory	disease	 in	 this	 study.	A	direct	 causal	 link	 can	not	be	ascertained	 from	 the	

current	study	but	stagnant	water	may	be	more	likely	to	be	contaminated	with	potentially	

harmful	organisms	such	as	Streptococcus	equi,	which	can	survive	up	to	a	month	in	drinking	

water	(Waller,	2014a),	or	toxins,	or	could	represent	horses	spending	time	in	wetland	areas.	

It	 could	 also	 represent	 increased	 contact	 with	 other	 horses	 gathering	 at	 watering	 sites,	

although	 the	use	of	 shared	water	access	points	was	not	a	 significant	 risk	 in	 this	 analysis.	

Areas	where	horses	may	access	stagnant	water	may	also	have	increased	risk	from	vectors	

and	 vector-borne	 diseases.	 Further	 definition	 of	 a	 stagnant	 water	 source	 according	 to	

owners	 and	 users	 of	working	 equids	 should	 be	 pursued,	 as	 there	may	 be	 some	 regional	

variation.		

	

This	study	used	an	unmatched	case-control	design	to	allow	full	investigation	of	risk	factors	

for	 disease.	 However,	 the	 broad	 case	 selection	 criteria	 could	 represent	 a	 range	 of	

aetiologies	 leading	 to	 the	 development	 of	 respiratory	 disease,	 potentially	 making	 the	

identification	 of	 syndrome-specific	 risk	 factors	 more	 difficult.	 There	 may	 also	 be	 bias	

introduced	 by	 targeting	 sampling	 at	 regional	 clinics.	 Both	 preventative	 and	 clinical	

treatments	offered	at	clinics	were	free	of	charge,	however	it	may	be	that	owners	of	horses	

with	a	clinical	problem	may	be	prepared	to	travel	further	than	those	requiring	preventative	

healthcare	 only.	 This	 could	 mean	 that	 the	 case	 population	 represented	 a	 more	

geographically	 diverse	 population	 than	 the	 control	 population.	 It	 is	 also	 possible	 that	

controls	 were	 not	 ‘healthy’	 and	 could	 have	 been	 suffering	 other	 disease,	 but	 the	 high	

proportion	 of	 controls	 attending	 for	 preventive	 health	 care	 (e.g.	 vaccination	 and	
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anthelminthic	 treatment)	may	have	 reduced	 the	effect	of	 this.	However,	 the	 inclusion	of	

controls	with	subclinical	disease	could	not	be	avoided.	Respiratory	sampling	was	by	way	of	

a	tracheal	wash	for	cytology,	which	is	unfortunately	subject	to	greater	variation	in	limits	for	

abnormal	than	samples	from	lower	down	the	respiratory	tract	(Derksen	et	al.,	1989),	but	a	

BAL	 was	 not	 a	 viable	 alternative	 in	 this	 study.	 Sampling	 took	 place	 at	 clinics,	 where	 all	

animals	will	have	travelled	on	foot	(rather	than	transported)	within	the	last	hour	making	it	

an	ideal	point	to	measure	airway	neutrophilia	(Malikides	et	al.,	2003).		

	

	

Conclusion	

	

In	conclusion,	horses	presenting	with	coughing,	nasal	discharge	and/or	dyspnoea	at	clinics	

in	Ethiopia	often	have	changes	in	the	lower	respiratory	tract,	in	particular	neutrophilia	and	

tracheal	mucus	indicating	underlying	lower	respiratory	tract	pathology.	

	

Risk	 factors	 for	 respiratory	 disease	 include	 completion	 of	 strenuous	work,	 drinking	 from	

stagnant	water	sources	or	being	housed	on	a	cobbled	floor.	There	was	an	increased	risk	of	

respiratory	disease	for	young	and	old	horses	in	this	population.	
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Appendix	A:	(i)	Participant	questionnaire	(English	language	version,	3	pages)	

	

	

	

ID	No.

ii)	Has	the	horse	had	a	cough	in	the	last	7days?	When?	

No	Cough All	the	time At	work At	rest/night Feeding	only Occasionally Unknown

					If	yes,	has	this	type	of	cough	been	a	common	problem	for	this	horse?

No	

Yes No Unknown

How	has	this	impacted	on	work	ability? No	impact Reduced	ability

Length	of	time	afflicted <7days 7-30days >30d Recurrent Unknown

Has	this	horse	received	treatment	for	this	problem? Yes No Unknown

Who	gave	the	treatment? SPANA Vet	at	clinic Local	Healer

2.	Presentation	to	Clinic	&	Medical	History

Time	been	waiting/resting	at	clinic? <10	mins 10-30mins >30mins	

Unable	to	work

What	do	you	think	caused	
this	breathing	problem?

iv)	Has	your	horse	been	near	other	horses	with	similar	
breathing	problems	in	the	last	30days?

Town:

Date:

CASE

CONTROL

Owner	Questionnaire

1.	Respiratory		History	(to	confirm	if	Case	or	Control)

i)	Has	there	been	a	nasal	
discharge	in	last	7	days?	 None Unknown

(describe	+	offer	chart)	

Yes	-the	same	recurrent	problem Yes	-	different	types	of	breathing	problem

Owner	treated

What	type	of	treatment	
was	used	&	when	was	it	
given?

Chart	no:

**	Respiratory	cases	only	**

iii)	Has	the	horse	had	any	breathing	
problems	in	last	7days?	(describe)
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AHS	Vaccine Deworming Lameness Wounds

Length	of	time	afflicted <7days 7-30days >30d Recurrent Unknown

3.	Vaccination	/	Deworming		History

Has	the	horse	had	a	vaccination	in	the	last	12months?

None Unknown

Where	did	it	come	from?

SPANA

4.	Ownership	&	Income	Generation

Do	you/your	family	own	this	horse? Yes No	(hired)

Does	this	horse	pull	a	cart? Yes No	(Saddle)

Are	you	a	member	of	a	Cart	Horse	Association? Yes No Other

Is	the	work:

Moderate Easy Variable

Yes No Unknown

Reason	for	presentation	at	
the	clinic?	(or	select	

common	reason	below)

Normally,	how	many	days	per	week	does	
your	horse	work?

How	many	hours	per	day	
does	one	horse	work?

How	many	horses														
do	you	own?

How	long	have	you				
owned	this	horse?

Self	bought	-	product	name:	

Gov./private	clinic

Other:

Other:

	Within	town	taxi	journeys	
e.g.	many	short	journeys	in	

a	working	day?

How	hard	does	the	horse	
have	to	work? Very	strenous	&	hard	work

Long	distance	e.g.	to/from	
market	in	a	day	(rest	during	

time	at	market)?

Other:

Where	from?	(describe	location)
Has	there	been	a	change	to	
climate/altitude	for	the	

horse?

Unknown	cause	but	horse	sick

Has	the	horse	moved	from	another	town	in	the	last	
30days?	

Has	the	horse	had	any	treatments	in	the	
last	2	weeks?	What	was	given?

Injection	into	neck Into	mouth	(deworming)

Any	other	health	problems	
in	last	30days?
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5.	Husbandry

i)	Water	

How	often	in	a	working	day	do	you	offer	your	horse	a	drink	of	water?

Are	any	of	the	water	sources	shared	with	other	horses? Yes No Unknown

Yes No Unknown

ii)	Feeding

What	do	you	feed	your	horse? Other:

Wheat	Bran Straw/Hay Grains Cut	Grass Grazed	Grass

What	quality	feed	has	been	given	in	last	2weeks?	 Good Poor	/	dusty Variable

Do	you	soak	the	feed? Always Never

How	do	you	offer	the	feed?	

On	floor Open	bag Trough

Does	your	horse	share	this	feeding	source	with	other	horses? Yes No

iii)	Housing

When	your	horse	is	not	working	where	does	he	reside?

Turned	loose Shelter: 	No.	of	walls: Roof?

In	the	day:

In	the	night:

How	big	is	the	area	approximately?	(meter	wide	x	long)

Is	this	shelter	shared	with	other	animals? Horses Donkey/Mule Livestock

What	is	on	the	floor?

Concrete Bare	earth Straw/	Hay

Thank	participant	&	explain	during	endoscoping	please	keep	horse	relaxed!

Has	the	horse	drunk	from	a	stagnant	water	source	in	
the	last	2	weeks?

None
How	many	animals?

Other:

Sometimes:	When?

Other:	Bag	held	
over	

nose/head

Other:



CHAPTER	4																	
	
116	

(ii)	Participant	Questionnaire	(Amharic	language	version,	3	pages)	
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Appendix	B:	Tracheal	mucus	scoring	chart		

	

	

	

	

Appendix	C:	Tracheal	wash	smear	cytology	pictures	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

1	-	Mild	 2	-	Moderate	 3	-	Marked	

(i)		
Tracheal	wash	from	horse	with	
intracellular	bacteria.		
May-Grunwald-Giemsa	stain,100	x.	
	
Source:	F.	Cian	(2015)	

(ii)		
Tracheal	wash	from	horse	showing	
squamous	epithelial	cells	and	extra-
cellular	bacteria.		
May-Grunwald-Giemsa	stain,100	x.	
Source:	F.	Cian	(2015)	

(iii)		
Tracheal	wash	from	horse	showing	fungal	
hyphae	and	extra-cellular	bacteria.		
May-Grunwald-Giemsa	stain,100	x.	
	
Source:	F.	Cian	(2015)	
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Appendix	D:		

Influence	 plot	 for	 final	 multivariable	 model	 of	 risk	 factors	 for	 respiratory	 disease.	 Plot	

shows	the	leverage	each	data	point	exerts	on	the	model	against	its	residual	value.	The	size	

of	the	circle	represents	the	square	root	of	Cook’s	distance	as	a	measure	of	influence.		
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Chapter	5:	

	

Infectious	agents	associated	with	signs	of	

respiratory	disease	in	the	working	horses	of	

Ethiopia:	A	case-control	study		

(Part	2)	
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Introduction	

	

Respiratory	disease	 is	 a	major	 cause	of	 time	off	work	 in	 equine	 industries,	 and	a	 serious	

contributor	 of	 poor	 performance	 (Jeffcott	 et	 al.,	 1982;	 Mumford	 and	 Rossdale,	 1980;	

Wilsher	 et	 al.,	 2006).	 In	 Ethiopian	 working	 horses,	 coughing	 and	 nasal	 discharge	 are	

frequently	identified	at	clinics	and	respiratory	disease	has	been	consistently	described	as	a	

priority	health	concern	for	owners	(Scantlebury	et	al.,	2015;	Shelima	et	al.,	2006;	Stringer	

et	al.,	2011b).	A	recent	workshop	on	Infectious	Diseases	of	Working	Equids	attested	to	the	

importance	 of	 investigating	 what	 is	 currently	 a	 ‘poorly-defined’	 respiratory	 syndrome	

affecting	these	animals	 (Stringer,	Lunn	&	Reid,	2015).	Given	the	 lack	of	existing	 literature	

on	the	causes	of	respiratory	disease	in	these	animals,	it	is	difficult	to	provide	targeted	and	

effective	 treatment	 to	 sick	 horses,	 potentially	 leading	 to	 an	 increased	 overall	 burden	 of	

disease.	

	

Serological	 surveys	 of	 this	 population	 have	 suggested	 a	 role	 for	 Streptococcus	 equi	

subspecies	 equi	 (S	 equi)	 (Chapter	 3)	 and	 alphaherpesviruses	 (equine	 herpes	 virus	 (EHV)	

1/4))	 (Endebu-Duguma,	2007;	Getachew	et	al.,	2014).	Causal	relationships	between	these	

pathogens	and	respiratory	disease	is	well	established,	and	they	are	found	endemic	in	other	

equine	populations	(Ling	et	al.,	2011;	Mumford	et	al.,	1998;	Parkinson	et	al.,	2011;	Pusterla	

et	 al.,	 2011).	 Although	 there	 has	 been	no	 serological	 evidence	 for	 equine	 influenza	 virus	

(EIV)	 in	 this	population,	given	 its	 global	prevalence	 (Adeyinka	et	al.,	2000;	Mancini	et	al.,	

2014;	 Morley	 et	 al.,	 2000b)	 and	 potential	 impact	 in	 a	 naïve	 population	 (Cullinane	 and	

Newton,	 2013;	 Firestone	 et	 al.,	 2012),	 this	 pathogen’s	 presence	 should	 be	 further	

examined.	Additionally,	 the	picronoviruses	equine	 rhinitis	 viruses	A	 (ERAV)	and	B	 (ERBV),	

are	 recognised	 as	 frequent	 contributors	 to	 respiratory	 disease	 in	 other	 countries	 (Diaz-

Méndez	 et	 al.,	 2010;	 Horsington	 et	 al.,	 2013b;	 Quinlivan	 et	 al.,	 2010).	 Given	 the	 limited	

literature	 investigating	 respiratory	 disease	 in	 horses	 in	 sub-Saharan,	 the	 role	 for	 lesser-

characterised	 pathogens	 of	 the	 equine	 airways	 should	 also	 be	 considered.	 The	

gammaherpesviruses	 EHV-2	 and	 -5	 are	 ubiquitous	 in	 equine	 respiratory	 secretions,	 but	

evidence	 for	 their	 causal	 role	 in	 disease	 is	 conflicting	 (Ataseven	 et	 al.,	 2010;	 Bell	 et	 al.,	

2006a;	 Dunowska	 et	 al.,	 2002;	 Pusterla	 et	 al.,	 2013;	 Torfason	 et	 al.,	 2008;	Wang	 et	 al.,	

2007).	EHV-2	has	been	recently	linked	to	airway	neutrophilia	(Fortier	et	al.,	2009)	and	may	

act	as	a	co-factor	in	disease,	compromising	immunocompetence	of	the	host	(Dunowska	et	

al.,	 2002).	 While	 EHV-5	 has	 been	 found	 in	 affected	 tissues	 of	 horses	 with	 equine	
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multinodular	pulmonary	fibrosis,	it’s	role	in	disease	is	unclear	(Back	et	al.,	2012;	Williams	et	

al.,	2007).	Mycoplasma	felis	(Allam	and	Lemcke,	1975;	Hoffman,	2008;	Wood	et	al.,	1997)	

and	 Bordetella	 bronchiseptica	 (Christley	 et	 al.,	 2001b;	 Debelu	 et	 al.,	 2014;	 Reuss	 and	

Giguere,	2015;	Vandevenne	et	al.,	1995)	have	both	previously	been	identified	in	respiratory	

disease	 outbreaks,	 but	 this	 has	 been	 unusual.	 Streptococcus	 zooepidemicus	 is	 commonly	

found	 in	 upper	 and	 lower	 respiratory	 tract	 (URT	 and	 LRT,	 respectively),	 and	 has	 been	

frequently	linked	with	clinical	signs	of	respiratory	disease	(Burrell	et	al.,	1996;	Cardwell	et	

al.,	2014;	Chapman	et	al.,	2000;	S.	Lindahl	et	al.,	2013;	Newton	et	al.,	2008;	Waller,	2014b)	

and		has	been	identified	as	the	most	likely	causal	agent	in	some	outbreaks	(Björnsdóttir	et	

al.,	2012).		

	

In	human	asthma,	viral	infections	can	play	a	role	in	the	onset	of	disease,	and	there	is	some	

evidence	 for	 this	 occurring	 in	 equine	 asthma	 (Bullone	 and	 Lavoie,	 2015;	 Houtsma	 et	 al.,	

2015).	 Further	 complications	 of	 infectious	 respiratory	 disease	 is	 the	 establishment	 of	

lifelong	 latent	 infections	with	 herpesviruses,	 although	 it	 is	 unclear	 if	 this	 is	 a	 single	 viral	

infection	or	multiple	over	a	lifetime	(Allen	et	al.,	2008;	Edington	et	al.,	1985).	Around	10%	

of	animals	recovering	from	strangles	infection	will	go	on	to	harbour	the	causative	agent	(S	

equi)	 in	guttural	pouches	(Newton	et	al.,	2000b;	Verheyen	et	al.,	2000).	At	times	of	stress	

there	 is	 likely	 recrudescence	of	 these	persistent	 infections	with	 renewed	shedding	of	 the	

organism.	

	

	A	small	but	concerning	risk	of	infectious	respiratory	disease	in	horses	in	Ethiopia	is	that	of	

zoonotic	 transmission	 from	 horses	 to	 humans.	 This	 has	 been	 seen	 occasionally	 with	 S	

zooepidemicus	(Downar	et	al.,	2001;	Pelkonen	et	al.,	2013)	and	B	bronchiseptica	(Dworkin	

et	 al.,	 1999).	 	 The	 risk	 of	 disease	 transmission	 is	 low,	 but	 this	 threat	 is	 increased	 for	

immunocompromised	people	and	Ethiopia	has	an	urban	HIV/AIDS	prevalence	of	around	8%	

(“African	Health	Observatory:	Analytical	Summary	HIV/AIDS,”	2016).	

	

A	case-control	study	was	used	to	identify	any	statistically	significant	associations	between	

infectious	 agents	 and	 respiratory	 signs	 in	 the	 working	 horse	 population.	 This	 study	

employed	both	molecular	detection	of	organisms	in	lower	airways	and	serological	evidence	

for	exposure	to	known	pathogens	of	the	equine	respiratory	tract.		
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Methods	

	

Sampling,	 case	 definition	 and	 cytology	 were	 performed	 as	 described	 in	 Chapter	 4.	 In	

summary,	 cases	 were	 identified	 as	 those	 animals	 reported	 by	 their	 owners	 as	 recently	

coughing	 (last	 7	 days);	 or	 those	 observed	 with	 coughing,	 nasal	 discharge	 or	 altered	

respiration	at	 the	 time	of	examination.	Controls	were	unmatched	and	 randomly	 selected	

from	 horses	 presenting	 to	 the	 clinics,	 in	 which	 respiratory	 signs	 were	 not	 observed	 or	

reported,	 and	 that	 did	 not	 require	 immediate	 attention	on	welfare	 grounds.	 Participants	

completed	 an	 individual	 questionnaire	 (Appendix	 A)	 administered	 by	 a	 SPANA-trained	

Ethiopian	research	assistant	in	either	of	two	regional	languages	(Amharic	or	Afan	Oromo).	

Clinical	 examination	 was	 performed	 by	 the	 author,	 a	 veterinary	 surgeon,	 including	

respiratory	endoscopy	up	to	the	level	of	the	carina.	A	blood	sample	was	taken	into	a	plain	

vacutainer	and	allowed	to	clot	at	 room	temperature	 (~22°C)	 for	24hrs	before	pouring	off	

serum.	Serum	was	heat	treated	at	56°C	for	30mins	then	stored	at	4°C	until	transportation	

to	the	UK	(DEFRA	Licence	AHZ/2026B/2006/1),	where	it	was	stored	at	-20°C.		

	

Transendoscopic	tracheal	wash	samples	were	kept	on	ice	and	processed	within	4	hours	of	

collection:	samples	were	centrifuged	and	nucleic	acid	extraction	was	performed	manually	

on	 200µl	 of	 sediment	 using	 a	 commercial	 extraction	 kit	 (High	 Pure	 Viral	 RNA	 Kit,	 Roche	

Diagnostics,	Germany).	Freezer	storage	of	extract	at	-80°C	(recommended	for	RNA)	was	not	

available	 in	 Ethiopia	 for	 use	 by	 this	 study.	 Therefore,	 to	 stabilize	 RNA	 samples,	 10µl	 of	

extracted	nucleic	acids	were	applied	to	Whatman	FTA	cards	(Abdelwhab	et	al.,	2011;	Awad	

et	 al.,	 2014;	 Ndunguru	 et	 al.,	 2005;	 Picard-Meyer	 et	 al.,	 2007)	 and	 stored	 at	 -20°C	 until	

transportation	to	UK	where	they	were	stored	at	-80°C.	Liquid	extracts	(40µl)	were	stored	at	

-20°C	 in	 Ethiopia	 before	 export	 to	 the	 UK.	 Import	 to	 the	 UK	 was	 under	 DEFRA	 import	

licence	(DEFRA	Licence	IMP/GEN/2008/03).	Nucleic	acids	were	eluted	from	FTA	cards	using	

methods	 adapted	 from	 (Chomczynski	 and	 Sacchi,	 1987)	 and	 used	 for	 detection	 of	 RNA	

viruses:	equine	influenza	virus	(EIV),	equine	arteritis	virus	(EAV)	and	equine	rhinitis	A	and	B	

viruses	 (ERAV/ERBV)	 (Awad	et	 al.,	 2014).	 Liquid	extracts	were	used	 for	polymerase	 chain	

reaction	(PCR)	detection	of	all	other	organisms.	
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Table	5.1	shows	details	of	diagnostic	testing	using	PCR	for	detection	of	nucleic	acids	from	

tracheal	wash	 fluid,	 and	 serological	 tests	 for	 detection	 of	 antibodies	 in	 serum.	 Real-time	

PCR	for	respiratory	pathogens	EIV,	EAV,	EHV-1/4,	ERAV/ERBV,	S	equi	and	S	zooepidemicus	

was	performed	on	all	samples	and	serological	tests	for	S	equi	(dual	ELISA)	were	performed	

by	the	author	at	the	Animal	Health	Trust	(AHT),	Newmarket.	Methods	for	S	equi	PCR	were	

slightly	modified	as	DNA	extraction	was	performed	in	Ethiopia,	and	as	such	inclusion	of	an	

internal	control	at	the	pre-extraction	stage	was	not	possible.	Complement	fixation	tests	for	

antibodies	to	rhinoviruses	and	herpesviruses	(as	detailed	in	Chapter	3)	were	completed	at	

the	AHT	by	the	Serology	and	Virology	Team	Leader	and	a	subset	of	20	cases	not	positive	for	

other	pathogens	were	screened	for	Bordetella	bronchiseptica	by	PCR	at	AHT.	EHV-2/5	and	

Mycoplasma	 felis	 PCR	 testing	 was	 performed	 at	 the	 University	 of	 Liverpool.	 All	 samples	

were	analysed	in	duplicate	and	each	plate	had	positive	and	negative	controls	with	standard	

curves	 from	 10-fold	 dilutions	 (1	 x102	 -	 1	 x105	 copies).	 Standard	 curve	 efficiencies	 were	

accepted	between	90-120%.	PCR	tests	were	run	 in	accordance	with	 laboratory	diagnostic	

services’	 quality	 control	 measures.	 Further	 PCR	 methods	 such	 as	 reagents	 and	 thermal	

cycle	information	are	detailed	in	Appendix	B.	Where	testing	was	only	on	a	subset	of	study	

samples,	 this	was	 due	 to	 scarcity	 of	 remaining	 sample.	 An	 estimate	 of	 upper	 respiratory	

tract	 contamination	 of	 samples	 during	 endoscopy	 was	 based	 on	 presence	 of	 squamous	

epithelial	cells.		

	

All	questionnaire,	clinical	examination	and	diagnostic	data	were	entered	into	a	spreadsheet	

programme	(Microsoft	Excel,	2010).	Correct	data	 inputting	was	visually	verified	 for	5%	of	

all	entries,	with	a	single	 inputting	error	corrected.	Pathogen	associations	with	case	status	

were	investigated	using	logistic	regression	in	R	Studio	(version	0.98.1103).	Estimates	were	

adjusted	 for	 age	 of	 animal	 as	 a	 potential	 confounder	 as	 this	 demonstrated	 a	 biologically	

plausible	 and	 statistically	 significant	 association	 with	 case	 status	 and	may	 be	 associated	

with	 pathogen	 exposure.	 Age	 was	 included	 as	 a	 quadratic	 term	 in	 models,	 following	

assessment	 for	 linearity	 by	 a	 generalised	 additive	 model	 (GAM)	 (Chapter	 4).	 Post-fit	

analysis	for	model	goodness-of-fit	was	assessed	using	the	Hosmer-Lemeshow	test.	
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Results	

	

Clinical	 examination	 and	 tracheal	 endoscopy	 were	 performed	 on	 108	 cases	 and	 93	

unmatched	 controls	 presenting	 to	 four	 SPANA	 clinic	 sites,	 during	 August	 to	 December	

2014.	 The	 majority	 of	 controls	 were	 presented	 for	 preventative	 treatments	 or	

administrative	 documentation	 (75%).	 Other	 reasons	 included	 lameness	 (23%),	 minor	

wounds,	 dental	 rasping	 or	 ocular	 problems.	 All	 animals	 examined	were	male	 and	 breed	

type	did	not	vary	across	sample	sites.	

	

Cases	presented	with	one	or	more	signs	including	89%	with	a	history	of	coughing	and	36%	

coughing	during	 examination.	 Fifty-four	 per	 cent	 of	 case	horses	 had	 a	 nasal	 discharge	 at	

time	 of	 examination,	 of	 which	 around	 half	 (48%)	 were	 serous	 in	 nature,	 the	 rest	 being	

mucoid	 or	mucopurulent	 (52%),	with	 just	 one	 epistaxis	 episode.	 Around	 a	 fifth	 (19%)	 of	

cases	 also	 showed	 altered	 respiratory	 characteristics.	 Age-adjusted	 logistic	 regression	

models	of	associations	between	results	from	infectious	agent	testing	and	respiratory	cases	

are	presented	in	Table	5.2,	with	further	details	in	Appendix	B.	
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Table	 5.2:	 Age-adjusted	 logistic	 regression	 results	 of	 serology	 and	 PCR	 testing	 for	

pathogens	associated	with	respiratory	cases	in	working	horses	in	Ethiopia,	adjusted	for	age	

as	a	quadratic	term	(n=201,	108	cases	and	93	controls).	

	

Variable	 	
case		
n	

		
%	

control	
n	

	
	%	

Odds	
ratio	

Lower	
95%	CI	

Upper	
95%	CI	

Wald		
p-value	

Viral	Pathogens	 	 	 	 	 	 	 	 	 	
Eq.	herpesvirus-1	 PCR-	 108	 100	 93	 100	 	 	 	 	
	 PCR+	 0	 0	 0	 0	 	 	 	 	
Sero-status:			 CF-	 108	 100	 92	 100	 	 	 	 	
	 CF+	 0	 0	 0	 0	 	 	 	 	

Eq.herpesvirus	-4	 PCR-	 107	 99	 93	 100	 	 	 	 	
	 PCR+	 1	 1	 0	 0	 	 	 	 	
Sero-status:		
::	

CF-	 108	 100	 92	 100	 	 	 	 	
	 CF+	 0	 0	 0	 0	 	 	 	 	

Eq.herpesvirus	-2	 PCR-	 49	 45	 46	 49	 	 	 	 	
	 PCR+	 59	 55	 47	 51	 1.03	 0.59	 1.82	 0.91	

Eq.herpesvirus	-5	 PCR-	 45	 42	 42	 45	 	 	 	 	
	 PCR+	 63	 58	 51	 55	 0.84	 0.475	 1.49	 0.56	

Eq.	arteritis	virus	 PCR-	 108	 100	 93	 100	 	 	 	 	
	 PCR+	 0	 0	 0	 0	 	 	 	 	

Eq.	influenza	virus	 PCR-	 108	 100	 93	 100	 	 	 	 	
	 PCR+	 0	 0	 0	 0	 	 	 	 	

Eq.	rhinitis	virus-A	 PCR-	 107	 99	 93	 100	 	 	 	 	
	 PCR+	 1	 1	 0	 0	 	 	 	 	
Sero-status:	 CF-	 108	 100	 92	 100	 	 	 	 	
	 CF+	 0	 0	 0	 0	 	 	 	 	

Eq.	rhinitis	virus-B	 PCR-	 106	 98	 91	 98	 	 	 	 	
	 PCR+	 2	 2	 2	 2	 0.82	 0.11	 6.09	 0.85	
Sero-status:	 CF-	 108	 100	 92	 100	 	 	 	 	
	 CF+	 0	 0	 0	 0	 	 	 	 	

	 	 	 	 	 	 	 	 	 	Bacterial	Pathogens	 	 	 	 	 	 	 	 	 	
S	equi	 PCR-	 104	 96	 92	 99	 	 	 	 	
	 PCR+	 4	 4	 1	 1	 3.36	 0.36	 31.10	 0.29	
Sero-status:		 ELISA-	 87	 81	 82	 89	 	 	 	 	
	 ELISA+	 21	 19	 10	 11	 2.02	 0.89	 4.60	 0.09	

S	zooepidemicus	 PCR-	 73	 70	 89	 97	 	 	 	 	
	 PCR+	 31	 30	 3	 3	 12.39	 3.62	 42.42	 <0.01	

Bordetella	bronchiseptica	 PCR-	 20	 100	 -	 -	 	 	 	 	
PCR+	 0	 0	 -	 -	 	 	 	 	

	 	 	 	 	 	 	 	 	 	Mycoplasma	felis	 PCR-	 108	 100	 -	 -	 	 	 	 	
PCR+	 0	 0	 -	 -	 	 	 	 	

CF	Complement	fixation,	ELISA	Enzyme	linked	immunosorbant	assay,	PCR	Polymerase	chain	reaction,	CI	confidence	interval	
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Testing	of	 tracheal	wash	 samples	did	not	detect	 any	EIV,	 equine	 arteritis	 virus	or	 equine	

herpesvirus-1.		One	young	case	horse	(1-2yrs),	presenting	with	serous	nasal	discharge	and	

pyrexia,	was	PCR	positive	for	EHV-4.	This	horse	had	a	history	of	coughing	and	reduced	work	

capacity	over	the	last	few	weeks.		

	

A	 single	 case	 tested	 positive	 for	 equine	 rhinitis	 A	 virus	 in	 respiratory	 secretions,	 and		

presented	only	with	a	history	of	coughing	and	mild	enlargement	of	sub-mandibular	cranial	

lymph	 nodes.	 A	 further	 two	 cases	 and	 two	 controls	 tested	 positive	 for	 equine	 rhinitis	 B	

virus.	 The	 three	 case	 animals	 testing	 positive	 for	 these	picornoviruses	were	 adults	 (aged	

between	9-15	years).	The	two	cases	positive	for	ERBV	also	had	had	co-infections	with	EHV-

2	 and/or	 EHV-5	 and	 S	 zooepidemicus,	 and	 showed	 varied	 changes	 to	 tracheal	 cytology	

profiles.	

		

Equine	 herpesvirus-2	 and	 -5	 were	 the	 most	 frequently	 encountered	 pathogens	 in	 both	

cases	 (55%	 EHV-2,	 58%	 EHV-5)	 and	 controls	 (51%	 EHV-2,	 55%	 EHV-5),	 but	 neither	 were	

significantly	associated	with	clinical	signs	of	respiratory	disease.			

	

Seropositive	status	to	S	equi	was	found	in	19%	of	cases	and	11%	of	control	animals.	There	

were	 also	 four	 cases	 and	 one	 control	 with	 S	 equi	 organism	 detected	 in	 respiratory	

secretions	by	PCR.	However,	neither	seropositive	status	nor	PCR	detection	was	significantly	

associated	with	respiratory	signs	in	this	study.		

	

Quantitative	 results	 for	 S	 equi	 PCR	 showed	 that	 two	 cases	 had	 large	 copy	 numbers	 of	

organism	 (>2500),	 with	 the	 remaining	 two	 cases	 and	 one	 control	 showing	 lower	 copy	

numbers	between	106	and	216.	Those	with	high	copy	numbers	were	aged	approximately	

2.5	 years	old.	 These	 two	horses	had	mucopurulent	nasal	 discharge,	neutrophilia	 >90%	 in	

tracheal	 wash	 and	 one	 had	 swollen	 sub-mandibular	 cranial	 lymph	 nodes	 with	 purulent	

material	 seen	 draining	 from	 guttural	 pouches	 on	 endoscopy,	 and	 a	 borderline	 antibody	

titre	 to	 S	 equi.	 The	 two	 older	 case	 horses	 detected	 with	 S	 equi	 showed	 differing	

presentations.	One	animal	was	pyrexic	(39.7°C),	with	a	mucopurulent	nasal	discharge	and	

epistaxis,	 and	had	an	eosinophilic	 inflammation	on	 tracheal	wash	 cytology	and	 increased	

systemic	neutrophils.	This	animal	was	also	seropositive	for	S	equi.	The	other	older	case	had	

no	apparent	clinical	signs	on	presentation	but	had	owner-reported	coughing.	It	had	a	mixed	

inflammation	 in	 respiratory	 secretions,	 with	 slight	 increases	 in	 neutrophils	 and	
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lymphocytes.	 The	 control	 horse	 testing	 PCR	 positive	 for	 S	 equi	 had	 no	 recent	 history	 of	

respiratory	disease	and	no	apparent	 signs	on	examination,	but	did	have	mild	amounts	of	

tracheal	 mucus	 and	 a	 neutrophilic	 inflammation	 (>90%)	 in	 lower	 airway.	 A	 positive	 PCR	

result	was	unlikely	to	be	a	result	of	contamination,	as	the	animals	sampled	previous	to	this	

control	horse	were	PCR	negative.	

		

Horses	with	S	zooepidemicus	detected	in	tracheal	wash	samples	were	over	12	times	more	

likely	to	present	as	a	case	of	respiratory	disease.	Animals	testing	positive	for	S	equi	on	PCR	

were	 excluded	 from	 analysis	 due	 to	 cross-reaction	 and	 results	 of	 S	 zooepidemicus	 are	

limited	 to	 presence	 or	 absence	 information.	 S	 zooepidemicus	 was	 found	 in	 combination	

with	 other	 pathogens	 in	 several	 cases:	 EHV-4	 (n=1),	 EHV-2	 or-5	 (n=20)	 and	 in	 horses	

seropositive	for	S	equi	(n=8),	but	was	found	in	isolation	in	two	cases.	The	3	control	animals	

positive	for	S	zooepidemicus	animals	all	had	squamous	epithelial	cells	identified	on	cytology	

suggesting	 samples	 may	 be	 contaminated	 from	 URT,	 however	 of	 31	 case	 horses	 with	 S	

zooepidemicus	 identified,	 only	 2	 had	 squamous	 epithelial	 cells	 on	 cytology.	 Additionally,	

fourteen	 of	 these	 31	 cases	 had	 evidence	 of	 intracellular	 bacteria	 in	 LRT	 macrophages,	

whereas	none	of	the	3	positive	controls	did.	

	

Of	 those	 animals	 PCR	 positive	 for	 S	 zooepidemicus,	 18	 did	 not	 show	 evidence	 of	 URT	

sample	 contamination	 (as	 judged	 by	 presence	 of	 squamous	 epithelial	 cells),	 or	 recent	

exposure	 to	 S	 equi	 infection	 (PCR	 positive	 or	 seropositive	 including	 borderline	 results).	

These	eighteen	horses	presented	with	a	variety	of	clinical	signs;	all	were	coughing;	six	with	

mucopurulent	nasal	 discharge;	 three	had	purulent	material	was	draining	 from	or	 seen	 in	

guttural	 pouches	 (where	 examined);	 one	 animal	 had	 slightly	 enlarged	 sub-mandibular	

lymph	nodes;	one	animal	was	pyrexic,	 and	 three	had	a	 serous	nasal	discharge.	 Eleven	of	

these	 animals	 had	 increased	 amounts	 of	 tracheal	 mucus	 on	 endoscopy	 and	 all	 but	 one	

animal	 had	 a	marked	 neutrophilic	 inflammation	 of	 lower	 airways	 (>60%),	 this	 exception	

having	increased	eosinophils	(61%).	The	reported	duration	of	signs	was	varied	from	<7d	(4),	

7-30d	 (13)	 and	 one	 horse	 with	 signs	 lasting	 over	 a	 month.	 No	 control	 horses	 were	

described	 here	 as	 all	 showed	 URT	 contamination	 of	 samples.	 	 All	 31	 S	 zooepidemicus	

positive	case	horses	presented	with	either	nasal	discharge	or	coughing.		

	

Fourteen	cases	had	no	infectious	agents	detected	either	on	serology	or	PCR	detection.	Of	

those,	only	two	had	a	normal	tracheal	cytology	profile,	most	of	the	rest	having	neutrophilic	
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inflammation	(11)	in	combination	with	increased	lymphocytes	(2)	or	eosinophils	(2).	All	had	

a	 cough	within	 the	 last	 7	 days,	 and	 8	 presented	with	 either	 serous	 (4)	 or	mucopurulent	

nasal	 discharge	 (4).	 One	 animal	 with	 a	 normal	 tracheal	 cytology	 profile	 had	 a	 systemic	

eosinophilia.	

	

There	 was	 no	 evidence	 of	Mycoplasma	 felis	 or	 Bordetella	 bronchiseptica	 in	 any	 cases	

tested.	

	

	

Discussion		

	

This	 is	 the	 first	 study	 to	 examine	 the	 association	 between	 infectious	 agents	 and	 signs	 of	

respiratory	 disease	 in	 the	 working	 horses	 of	 Ethiopia.	 There	 was	 no	 association	 of	 the	

major	 respiratory	 pathogens,	 including	 alphaherpesvirus,	 picornoviruses,	 influenza	 and	

arteritis	viruses	or	S	equi	with	clinical	signs.	Ubiquitous	respiratory	pathogens	such	as	the	

gammaherpesviruses	were	more	 frequently	detected,	 as	was	 infection	with	 the	 common	

respiratory	 tract	 organism	 S	 zooepidemicus.	 S	 zooepidemicus	 however,	 was	 the	 only	

infectious	 agent	 identified	 to	 be	 statistically	 significantly	 associated	with	 clinical	 signs	 of	

respiratory	disease	in	these	working	horses.		

	

In	 agreement	with	 the	 cross	 sectional	 study	 (chapter	 3)	 there	was	 little	 evidence	 in	 this	

study	of	seropositive	status	or	detection	of	EHV-1	and	-4	in	cases	or	controls.	However	this	

is	 in	 contrast	 to	 earlier	 studies	which	 suggested	 herpesviruses	 in	 Ethiopian	 horses	 to	 be	

common	(Endebu-Duguma,	2007;	Getachew	et	al.,	2014).	This	likely	represents	a	difference	

in	 diagnostic	 approach	 as	 these	 previous	 Ethiopian	 studies	 measured	 virus	 neutralising	

antibodies	which	can	persist	 for	up	to	a	year,	 in	contrast	to	measurement	of	viral	nucleic	

acids	in	airways	or	complement	fixating	antibodies	that	last	less	than	3	months	(Thomson,	

1976).	 Hence	 direct	 comparison	 of	 prevalence	 from	 these	 different	 methods	 is	 not	

possible.	

	

In	this	study	only	one	case	(less	than	2y	old)	was	found	to	have	EHV-4	in	lower	airways,	but	

had	not	seroconverted	at	the	time	of	sampling.	The	case	presentation	and	signalment	may	

suggest	sampling	occurred	during	early	infection	or	the	recrudescence	of	a	latent	infection	

(Harless	 and	 Pusterla,	 2006).	 Commonly	 infection	 with	 EHV-4	 occurs	 in	 foals,	 with	
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incidences	 of	 reinfection	 and	 reactivation	 of	 latent	 virus	 especially	 in	 the	 first	 two	 years	

(Foote	et	al.,	2004).	It	is	likely	that	this	animal	posed	an	infectious	threat	to	others.		

	

ERBV	was	detected	in	equal	numbers	of	cases	and	controls,	and	in	cases	it	was	only	found	

as	a	co-infection	with	other	respiratory	pathogens.	There	is	conflicting	evidence	for	the	role	

of	ERBV	in	respiratory	disease	(Back	et	al.,	2015;	Carman	et	al.,	1997;	Li	et	al.,	1997).	In	this	

study,	 it	 was	 detected	 in	 both	 cases	 and	 controls	 but	 the	 study	 design	 is	 limited	 in	

attributing	 a	 causal	 role	 to	 this	 pathogen.	 It	 is	 also	 a	 limitation	 that	 a	 PCR	 test	 cannot	

discriminate	 a	 viable	 from	 a	 non-viable	 organism	 in	 the	 airways.	 The	 use	 of	 culture	 for	

bacteria	or	viral	isolation	alongside	PCR	testing	may	have	overcome	this	issue	but	was	not	

possible	with	current	facilities	in	the	field.			

	

ERAV	was	 found	 in	 isolation	 in	one	 case	horse,	 so	 although	 it	 too	 can	 lead	 to	 subclinical	

disease,	 it	could	have	contributed	to	signs	of	respiratory	pathology	in	this	horse.	A	failure	

to	detect	a	positive	 sero-status	 to	both	picornaviruses	may	 reflect	PCR	detection	early	 in	

infection.	

	

The	overall	low	rates	of	detection	for	viral	pathogens	is	in	keeping	with	the	findings	of	the	

earlier	 seroprevalence	 study	 in	 this	 population	 (Chapter	 3),	 which	 found	 no	 evidence	 of	

influenza	virus	and	limited	evidence	of	exposure	to	the	other	respiratory	viruses	(ERA/BV,	

EAV	and	EHV-1/-4).	The	tracheal	sampling	site	could	be	contributing	to	low	detection	rates	

of	virus,	as	 it	may	not	be	 ideal	 for	some	URT	pathogens	such	as	ERBV	(Li	et	al.,	1997)	 	or	

EHV-1/4	 (OIE,	 2015).	 Low	prevalence	of	 viral	 pathogens	 is	 perhaps	 in	 contrast	 to	 studies	

elsewhere	where	they	are	commonly	detected	(Diaz-Méndez	et	al.,	2010;	Mumford	et	al.,	

1998;	 Pusterla	 et	 al.,	 2011),	 but	 the	 failure	 to	 find	 significant	 associations	 between	 viral	

pathogens	and	 respiratory	disease	 is	 consistent	with	some	case-control	 studies	 in	 the	UK		

(Newton	et	al.,	2003;	Wood	et	al.,	2005b).		

	

This	was	the	first	study	to	 look	at	the	presence	of	gammaherpesviruses	 	 (EHV-2/5)	 in	this	

population;	 although	 frequency	 of	 occurrence	 was	 high,	 there	 was	 no	 association	 with	

clinical	 signs	 of	 respiratory	 disease,	 in	 agreement	 with	 studies	 elsewhere	 (Agius	 and	

Studdert,	 1994;	 Bell	 et	 al.,	 2006a;	 Nordengrahn	 et	 al.,	 2002).	 Infection	 with	

gammaherpesviruses	is	thought	to	occur	as	foals	(Bell	et	al.,	2006a;	Murray	et	al.,	1996),	so	

detection	 in	 this	 study	 of	 older	 horses	 may	 therefore	 represent	 shedding	 following	
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reactivation	of	latent	infection	(Bell	et	al.,	2006a;	Borchers	et	al.,	1998)	or	reinfection	with	

a	different	strain	(Brault	et	al.,	2011;	Browning	and	Studdert,	1987).	Despite	not	commonly	

thought	 to	 cause	 respiratory	 signs	 outside	 of	 foal-hood,	 infection	 has	 been	 suggested	 to	

predispose	animals	to	other	infections	(Dunowska	et	al.,	2002;	Nordengrahn	et	al.,	1996).		

	

EHV-5	 has	 been	 demonstrated	 in	 affected	 tissues	 and	 described	 as	 a	 causal	 agent	 for	

equine	 multinodular	 pulmonary	 fibrosis	 (EMPF)	 (Williams	 et	 al.,	 2007b;	 Williams	 et	 al.,	

2013),	but	 it	has	also	been	 found	 in	healthy	horses	 (Bell	et	al.,	2006;	Nordengrahn	et	al.,	

2002;	 Wang	 et	 al.,	 2007).	 Its	 presence	 in	 this	 study	 cannot	 be	 further	 interpreted,	 as	

diagnosis	 of	 EMPF	 was	 not	 possible.	 The	 opportunity	 for	 post-mortem	 examination	 of	

equine	 lung	 tissue	 in	 Ethiopia	 is	 complicated	 by	 the	 possible	 presence	 of	 the	 zoonotic	

bacteria	Burkholderia	Mallei	and	a	 lack	of	human	or	material	 resources	 (Getachew	et	al.,	

2014).	

	

The	 only	 significant	 association	 of	 respiratory	 disease	 with	 an	 infectious	 agent	 was	 the	

detection	 of	S	 zooepidemicus	 in	 tracheal	 secretions.	 S	 zooepidemicus	 is	 common	 in	 both	

the	upper	(Walker	and	Timoney,	1998)	and	lower	airways	of	horses	(Newton	et	al.,	2008).	It	

has	 been	 significantly	 associated	 with	 respiratory	 signs	 and	 implicated	 as	 a	 primary	

pathogen	in	respiratory	disease	(Björnsdóttir	et	al.,	2012;	S.	Lindahl	et	al.,	2013;	Velineni	et	

al.,	2014).	Sampling	of	respiratory	secretions	was	performed	transendoscopically	and	may	

be	 vulnerable	 to	 contamination	 with	 upper	 respiratory	 tract	 cells	 or	 organisms.	 This	

method	 of	 sampling	 affects	 all	 animals	 examined	 and	 hence	 any	 misclassification	 bias	

should	 be	 non-differential.	 However,	 endoscopy	 may	 be	 more	 difficult	 to	 complete	 in	

coughing	horses	or	more	susceptible	to	contamination	if	there	are	greater	bacterial	loads	in	

the	 URT	 of	 cases,	 in	 which	 case	 bias	 may	 be	 differential.	 However,	 others	 have	 found	

transendoscopic	tracheal	washes	to	remain	sterile	in	healthy	horses	suggesting	this	method	

of	collection	is	viable	(Wood	et	al.,	1993).	Furthermore,	there	is	a	link	between	increasing	

bacteria	 (and	 S	 zooepidemicus	 particularly)	 and	 equine	 asthma	 (mild)	 (Hoffman	 et	 al.,	

2002).	The	scarcity	of	S	zooepidemicus	positive	controls	horses,	the	magnitude	of	risk	and	

lack	of	squamous	cell	presence	associated	with	S	zooepidemicus	positive	horses,	suggests	

that	contamination	from	URT	is	unlikely	to	completely	explain	these	findings.		

.		
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Similar	 associations	 between	 disease	 and	 S	 zooepidemicus	 in	 the	 LRT	 has	 been	 seen	

elsewhere	 (Wood	 et	 al.,	 2005a).	 There	 have	 been	 many	 strains	 of	 S	 zooepidemicus	

identified	 in	 the	 equine	 respiratory	 tract	 that	may	 hold	 different	 pathogenic	 capabilities	

(Webb	 et	 al.,	 2008).	 It	 is	 unlikely	 that	 immunity	 to	 one	 strain	 type	 is	 cross-protective	 to	

infection	with	what	 is	 assumed	 to	 be	 a	 large	 number	 of	 other	 strains	 as	 found	 in	 other	

populations	(Newton	et	al.,	2008).	It	may	therefore	be	of	interest	to	examine	quantitatively	

S	 zooepidemicus	 in	 the	 LRT	 and	 to	 investigate	 the	different	 strain	 types	present	 in	 these	

case	horses.		

	

The	 presence	 of	 S	 zooepidemicus	 in	 the	 LRT	 likely	 represents	more	 than	 just	 a	 transient	

colonisation	and	the	presence	of	intracellular	bacteria	seen	on	tracheal	smears	supports	a	

true	septic	 inflammation.	It	 is	unclear	from	this	study,	however,	whether	its	role	was	as	a	

primary	 pathogen	 or	 as	 a	 secondary	 opportunistic	 infection	 of	 the	 lower	 airways.	 This	 is	

especially	 interesting	 due	 to	 the	 frequent	 occurrence	 of	 co-infections	 with	 other	

respiratory	 pathogens,	 such	 as	 EHV-2/5,	 which	 also	 have	 an	 unknown	 (and	 possibly	

synergistic)	role	in	causing	primary	or	secondary	pathology	in	the	airways	(Dunowska	et	al.,	

2002).		

	

Previously,	 S	 zooepidemicus	 has	 also	 been	 linked	 with	 subclinical	 respiratory	 disease	

(Newton	et	al.,	2003),	but	this	was	not	borne	out	in	this	study	with	very	few	control	horses	

testing	positive.			

	

Nearly	 a	 fifth	 of	 case	 horses	 were	 seropositive	 to	 S	 equi	 but	 11%	 of	 controls	 had	 also	

seroconverted	at	 time	of	 sampling.	Sero-status	 for	S	equi	was	not	significantly	associated	

with	signs	of	respiratory	disease,	as	has	also	been	seen	in	a	study	of	working	equids	from	

southern	 African	 (Ling	 et	 al.,	 2011).	 The	 persistence	 of	 raised	 antibody	 titres	 following	

resolution	 of	 clinical	 signs	 could	 affect	 the	 level	 of	 association	 between	 pathogen	 and	

clinical	signs	(Robinson	et	al.,	2013;	Waller	and	Jolley,	2007).	Similarly,	chronic	carriers	of	S	

equi	may	shed	bacteria	and/or	be	seropositive	for	S	equi	without	displaying	clinical	signs	of	

respiratory	 infection	 and	 hence	 qualifying	 as	 control	 animals	 according	 to	 our	 case	

definition.	 Low	 rates	 of	 detection	 of	 S	 equi	 in	 lower	 airways,	 despite	many	 seropositive	

horses,	may	 result	 from	a	 suboptimal	 sampling	 site;	S	equi	 being	mainly	a	URT	pathogen	

and	 found	 in	 the	 nasopharynx	 or	 guttural	 pouches	 (Newton	 et	 al.,	 2000b).	 Alternatively,	

sampling	 following	 clearance	 of	 the	 organism	 after	 infection	 could	 also	 lead	 to	
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comparatively	 low	 PCR	 positives	 to	 serology	 findings.	 The	 small	 number	 of	 cases	 and	

resulting	 low	 power	may	 also	 explain	 why	 there	was	 no	 significant	 association	 between	

current	 S	 equi	 infection	 and	 clinical	 signs.	 Despite	 the	 lack	 of	 association	 in	 this	 study,	

infection	with	S	equi	may	be	of	greater	importance	in	particular	groups	such	as	young	naïve	

horses.		

	

There	 were	 also	 a	 number	 of	 control	 animals	 with	 antibody	 titres	 suggestive	 of	 S	 equi	

infection.	Following	recovery	from	infection	approximately	10%	of	animals	become	chronic	

carriers	of	S	equi,	with	colonies	usually	 restricted	to	 the	guttural	pouches.	Unfortunately,	

these	 animals	may	 or	may	 not	 have	 high	 antibody	 titres	making	 serological	 detection	 of	

carrier	 animals	 unreliable	 (Knowles	 et	 al.,	 2010;	 Newton	 et	 al.,	 1997;	Waller	 and	 Jolley,	

2007).	The	use	of	paired	sera	to	capture	an	animal’s	seroconversion	to	S	equi	(as	indicated	

by	a	rising	titre)	may	have	been	of	interest	for	these	seropositive	control	animals,	but	was	

not	possible	in	this	study.		

	

A	 role	 for	 infectious	aetiologies	 in	 respiratory	disease	 is	 supported	by	 the	 findings	of	 this	

case-control	study,	but	there	were	cases	with	no	detectable	 infectious	agents.	This	might	

suggest	the	presence	of	non-infectious	respiratory	disease,	infection	with	novel	pathogens	

or,	 simply,	 a	 failure	 to	 detect	 pathogens,	 for	 example	 due	 to	 stage	 of	 infection	 or	

incomplete	 sensitivity	 of	 tests.	 The	 potential	 to	 utilise	 whole	 genome	 sequencing	

technology	for	investigation	of	infectious	causes	of	disease	may	address	these	limitations,	

however	 the	 cost	 of	 such	 testing	was	 prohibitive.	 In	 both	 cases	 and	 controls	 there	were	

occasions	 where	 animals	 showed	 evidence	 of	 lower	 airway	 inflammation	 but	 tested	

negative	 for	 infectious	 agents.	 In	 case	 horses	 this	 could	 indicate	 an	 asthma-like	 chronic	

inflammatory	disease	known	to	be	common	in	equine	populations	elsewhere	(Cardwell	et	

al.,	 2014;	 Dixon	 et	 al.,	 1995a;	 Robinson	 et	 al.,	 2006).	 In	 controls,	 this	 may	 represent	

subclinical	asthma	or	severe	asthma	in	remission	(Christley	et	al.,	2001b;	Holcombe	et	al.,	

2006;	Koblinger	et	al.,	2011;	Widmer	et	al.,	2009).	

	

Limitations	of	 the	 study	design	 include	a	broad	 (non-specific)	 case	definition,	 capturing	a	

variety	of	forms	of	respiratory	disease.	This	potentially	reduces	the	power	of	the	study	to	

detect	 significant	 associations	 with	 particular	 forms	 and	 causes	 of	 respiratory	 disease.	

Sensitivity	to	detect	infectious	agents	may	have	been	suboptimal	due	to	inevitable	nucleic	

acid	 degradation	 during	 protracted	 international	 sample	 storage	 and	 transportation	
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protocols.	This	 is	especially	of	concern	 for	RNA	degradation	even	 following	application	to	

FTA	 cards	 (Awad	 et	 al.,	 2014;	 Ndunguru	 et	 al.,	 2005;	 Sakai	 et	 al.,	 2015).	 The	 unknown	

frequency	 of	 false-negative	 results	 may	 tend	 to	 underestimate	 the	 role	 of	 infectious	

disease	 in	 this	 population.	 Validation	 of	 nucleic	 acid	 storage	 and	 elution	 from	 FTA	 cards	

using	a	known	positive	sample	would	have	been	desirable	but	was	not	conducted	as	part	of	

this	study	due	to	limited	facilities	in	the	field.	However,	this	first	study	of	its	kind	identifying	

respiratory	 pathogens	 highlights	 the	 important	 potential	 role	 of	 infectious	 agents	 in	 this	

population.	 Findings	 in	 this	 study	 of	 working	 equids	 in	 Ethiopia	 are	 analogous	 to	 those	

reported	previously	in	studies	of	respiratory	disease	for	other	equine	populations.	

	

	

Conclusions	

	

Colonisation	 of	 lower	 respiratory	 tract	with	 S	 zooepidemicus	 was	 significantly	 associated	

with	 clinical	 signs	 of	 respiratory	 disease.	 Evidence	 from	 this	 study	 suggests	 that	 there	 is	

only	 a	minor	 role,	 if	 any,	 played	 by	 viral	 pathogens.	 There	 are	 likely	 both	 infectious	 and	

non-infectious	causes	of	respiratory	disease	in	the	working	horses	of	Ethiopia.	
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Appendix	A:	Participant	Questionnaire	(English	language	version,	3	pages).	

	

ID	No.

ii)	Has	the	horse	had	a	cough	in	the	last	7days?	When?	

No	Cough All	the	time At	work At	rest/night Feeding	only Occasionally Unknown

					If	yes,	has	this	type	of	cough	been	a	common	problem	for	this	horse?

No	

Yes No Unknown

How	has	this	impacted	on	work	ability? No	impact Reduced	ability

Length	of	time	afflicted <7days 7-30days >30d Recurrent Unknown

Has	this	horse	received	treatment	for	this	problem? Yes No Unknown

Who	gave	the	treatment? SPANA Vet	at	clinic Local	Healer

2.	Presentation	to	Clinic	&	Medical	History

Time	been	waiting/resting	at	clinic? <10	mins 10-30mins >30mins	

Unable	to	work

What	do	you	think	caused	
this	breathing	problem?

iv)	Has	your	horse	been	near	other	horses	with	similar	
breathing	problems	in	the	last	30days?

Town:

Date:

CASE

CONTROL

Owner	Questionnaire

1.	Respiratory		History	(to	confirm	if	Case	or	Control)

i)	Has	there	been	a	nasal	
discharge	in	last	7	days?	 None Unknown

(describe	+	offer	chart)	

Yes	-the	same	recurrent	problem Yes	-	different	types	of	breathing	problem

Owner	treated

What	type	of	treatment	
was	used	&	when	was	it	
given?

Chart	no:

**	Respiratory	cases	only	**

iii)	Has	the	horse	had	any	breathing	
problems	in	last	7days?	(describe)
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AHS	Vaccine Deworming Lameness Wounds

Length	of	time	afflicted <7days 7-30days >30d Recurrent Unknown

3.	Vaccination	/	Deworming		History

Has	the	horse	had	a	vaccination	in	the	last	12months?

None Unknown

Where	did	it	come	from?

SPANA

4.	Ownership	&	Income	Generation

Do	you/your	family	own	this	horse? Yes No	(hired)

Does	this	horse	pull	a	cart? Yes No	(Saddle)

Are	you	a	member	of	a	Cart	Horse	Association? Yes No Other

Is	the	work:

Moderate Easy Variable

Yes No Unknown

Reason	for	presentation	at	
the	clinic?	(or	select	

common	reason	below)

Normally,	how	many	days	per	week	does	
your	horse	work?

How	many	hours	per	day	
does	one	horse	work?

How	many	horses														
do	you	own?

How	long	have	you				
owned	this	horse?

Self	bought	-	product	name:	

Gov./private	clinic

Other:

Other:

	Within	town	taxi	journeys	
e.g.	many	short	journeys	in	

a	working	day?

How	hard	does	the	horse	
have	to	work? Very	strenous	&	hard	work

Long	distance	e.g.	to/from	
market	in	a	day	(rest	during	

time	at	market)?

Other:

Where	from?	(describe	location)
Has	there	been	a	change	to	
climate/altitude	for	the	

horse?

Unknown	cause	but	horse	sick

Has	the	horse	moved	from	another	town	in	the	last	
30days?	

Has	the	horse	had	any	treatments	in	the	
last	2	weeks?	What	was	given?

Injection	into	neck Into	mouth	(deworming)

Any	other	health	problems	
in	last	30days?
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5.	Husbandry

i)	Water	

How	often	in	a	working	day	do	you	offer	your	horse	a	drink	of	water?

Are	any	of	the	water	sources	shared	with	other	horses? Yes No Unknown

Yes No Unknown

ii)	Feeding

What	do	you	feed	your	horse? Other:

Wheat	Bran Straw/Hay Grains Cut	Grass Grazed	Grass

What	quality	feed	has	been	given	in	last	2weeks?	 Good Poor	/	dusty Variable

Do	you	soak	the	feed? Always Never

How	do	you	offer	the	feed?	

On	floor Open	bag Trough

Does	your	horse	share	this	feeding	source	with	other	horses? Yes No

iii)	Housing

When	your	horse	is	not	working	where	does	he	reside?

Turned	loose Shelter: 	No.	of	walls: Roof?

In	the	day:

In	the	night:

How	big	is	the	area	approximately?	(meter	wide	x	long)

Is	this	shelter	shared	with	other	animals? Horses Donkey/Mule Livestock

What	is	on	the	floor?

Concrete Bare	earth Straw/	Hay

Thank	participant	&	explain	during	endoscoping	please	keep	horse	relaxed!

Has	the	horse	drunk	from	a	stagnant	water	source	in	
the	last	2	weeks?

None
How	many	animals?

Other:

Sometimes:	When?

Other:	Bag	held	
over	

nose/head

Other:
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Appendix	B:		PCR	methods	by	pathogen	

Pathogen	 Test	 Reagents		 μL/reaction	 Thermal	cycler/cycles	
EIV	 Real	time	RT-qPCR	 Primers	x4	

Probes	x2	
Sensifast	One-step	mix2	

RNAse	inhibitor	
RT	enzyme	
Sample	extract	(1:5)	

0.47	
0.47	
4.69	
0.19	
0.09	
2.00	(1:5)	

	
30min	@42°C,	10min	@95°C	
45x(15s	 @95°C,	 60s@60°C,	
30s@72°C)	
	

EAV	 Real	time	RT-qPCR	 Primers		x2	
Probes	x1	
Sensifast	One-step	mix2	

RNAse	inhibitor	
RT	enzyme	
Sample	extract		

0.89	
0.89	
4.46	
0.18	
0.09	
2.00	(1:5)	

35min	@48°C,	10min	@90°C	
40x(15s	@95°C,	60s@60°C)	
	

ERA/BV	 Real	time	RT-qPCR	 Primers	x4	
Probesx2	
Sensifast	One-step	mix2	

RNAse	inhibitor	
RT	enzyme	
Sample	extract	

0.48	
0.48	
4.81	
0.19	
0.10	
2.00	(1:5)	

ABI	StepOne	Device	
AHT	Protocol	

EHV-1/-4	 Real	time	qPCR	 Primers		x4	
Probes	x2	
KAPA	Fast	probe	mix1	

Molecular	grade	H2O	
Sample	extract	

1.01	
1.01	
10.1	
2.01	
2.00	(1:10)	

ABI	StepOne	Device	
AHT	Protocol	

S	equi	 Real	time	qPCR	 Primers	x4	
Probes	x2	
KAPA	Fast	probe	mix1	

Molecular	grade	H2O	
Sample	extract	

0.1	
0.03	
9.12	
7.57	
2.00	(1:10)	

3min	@95°C,		
40x(3s	@95°C,	10s@60°C)	
	

S	zooepidemicus	 Real	time	PCR	+	
E.Coli	IPC	

Primers	x6	
Probes	x3	
KAPA	Fast	probe	mix1	

E.Coli	spike	
Sample	extract	

0.43	
0.34	
4.25	
0.20	
2.00	(1:5)	

ABI	StepOne	Device	
AHT	Protocol	

EHV-2	 Semi-nested	PCR	 1st	round:	Primers	x2	
1st:	Mastermix	
1st	Molecular	grade	H2O	
1st:	Sample	
2nd	round:	Primers	x2	
2nd:	Mastermix	
2nd	Molecular	grade	H2O	
2nd:	Product	of	round	1	

1.50	
12.5	
24.5	
10.0	(1:5)	
1.50	
12.5	
32.5	
2.00		(1:25)	

9min	@94°C,		
5x(60s	 @94°C,	 60s@60°C,	
60s@72°C),	
30x(60s	 @94°C,	 60s@55°C,	
60s@72°C),	
7m@	72°C	
	

EHV-5	 Nested	PCR	 1st	round:	Primers	x2	
1st:	Mastermix	
1st	Molecular	grade	H2O	
1st:	Sample	
2nd	round:	Primers	x2	
2ndMastermix	(55%conc.)	
2nd:	Product	of	round	1	

1.50	
12.5	
24.5	
10.0	(1:5)	
0.75	
21.5	
2.00		(1:25)	

9min	@94°C,		
5x(60s	 @94°C,	 60s@60°C,	
60s@72°C),	
30x(60s	 @94°C,	 60s@55°C,	
60s@72°C),	
7m@	72°C	
	

M	felis	 PCR	assay	 Mg-free	buffer	
MgCl2	
Taq	DNA	Ploymerase	
PCR	nucleotide	mix	
Primers	x2	
Sample	extract	

5.00	
1.5	mM	
0.50	
0.2	mM	
0.025	
1.0	μg	

5min	@95°C,		
30x(45s	 @95°C,	 30s@51°C,	
20s@72°C),	
5m@	72°C	
	

B	bronchiseptica	 PCR	assay	 KCl	
TrisHCl	(pH	8.4)	
MgCl2	
Taq	DNA	Ploymerase	
Gelatin	
Primers	x4	
Sample	extract	

50nM	
10nM	
2.5nM	
0.5U	
1mg/mL	
1μM	
400μM	

1min	 @94°C,	 15s	 @53°C,	
20s@72°C,	 35x(60s	 @94°C,	
30s@57°C,	40s@72°C),	
	
	

	(1:5)	ratio	of	mastermix	to	sample,	RT	–	Reverse	transcription,	qPCR	–	Quantitative	PCR,	IPC	-	internal	PCR	control,		
AHT	–	Animal	Health	Trust	Protocol,	1	KAPA	Biosystems	2	Bioline	
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Appendix	C:

Logistic	regression	models	showing	associations	between	infectious	agents	and	cases	with	

values	for	centred	age	(years)	and	centred	age2.		

	

	

Variable	 	 case		
n		%	

control		
n					%	

Odds	
ratio	

Lower	
95%	CI	

Upper	
95%	CI	

Wald		
p-value	 	

Viral	Pathogens	 	 	 	 	 	 	 	 	 	 	
EHV-2	 PCR-	 49	 45	 46	 49	 	 	 	 	 	
	 PCR+	 59	 55	 47	 51	 1.03	 0.59	 1.82	 0.91	 	

Age	centred	 	 	 	 	 1.02	 0.96	 1.01	 0.54	 	

Age	centred2	 	 	 	 	 1.01	 1.00	 1.02	 0.02	 	
	 	 	 	 	 	 	 	 	 	
EHV-5	 PCR-	 45	 42	 42	 45	 	 	 	 	 	

	 PCR+	 63	 58	 51	 55	 0.84	 0.475	 1.49	 0.56	 	

Age	centred	 	 	 	 	 1.02	 0.96	 1.08	 0.53	 	

Age	centred2	 	 	 	 	 1.01	 1.00	 1.02	 0.02	 	
	 	 	 	 	 	 	 	 	 	
ERBV	 PCR-	 106	 98	 91	 98	 	 	 	 	 	
	 PCR+	 2	 2	 2	 2	 0.82	 0.11	 6.09	 0.85	 	
Age	centred	 	 	 	 	 1.02	 0.96	 1.08	 0.57	 	
Age	centred2	 	 	 	 	 1.01	 1.00	 1.00	 0.02	 	
	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	Bacterial	
Pathogens	

	 	 	 	 	 	 	 	 	 	
S	equi	 PCR-	 104	 96	 92	 99	 	 	 	 	 	
	 PCR+	 4	 4	 1	 1	 3.36	 0.36	 31.10	 0.29	 	
Age	centred	 	 	 	 	 1.02	 0.96	 1.08	 0.51	 	
Age	centred2	 	 	 	 	 1.01	 1.00	 1.02	 0.02	 	
	 	 	 	 	 	 	 	 	 	Sero-status:		 ELISA-	 87	 81	 82	 89	 	 	 	 	 	

	 ELISA+	21	 19	 10	 11	 2.02	 0.89	 4.60	 0.09	 	

Age	centred	 	 	 	 	 1.02	 0.96	 1.01	 0.56	 	

Age	centred2	 	 	 	 	 1.01	 1.00	 1.02	 0.02	 	

	 	 	 	 	 	 	 	 	 	
S	zooepidemicus	 PCR-	 73	 70	 89	 97	 	 	 	 	 	

PCR+	 31	 30	 3	 3	 12.39	 3.62	 42.42	 <0.01	 	

Age	centred	 	 	 	 	 1.03	 0.97	 1.01	 0.30	 	

Age	centred2	 	 	 	 	 1.01	 1.00	 1.02	 0.05	 	
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Chapter	6:	

	

Concluding	Discussion	
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This	body	of	work	has	begun	unravelling	the	causes	of	 respiratory	disease	 in	 the	working	

horses	of	Ethiopia,	a	field	that	has	received	limited	attention.	It	has	demonstrated	the	likely		

multifactorial	 disease	 epidemiology	 for	 coughing	 and	 nasal	 discharge	 that	 is	 a	 priority	

health	 concern	 for	 working	 equid	 users.	 Firstly,	 a	 participatory	 study	 built	 essential	

background	 context,	 with	 which	 to	 design	 and	 execute	 the	 subsequent	 sero-

epidemiological	 survey	 and	 case-control	 study.	 The	 study	 has	 been	 in	 keeping	 with	 a	

bottom-up	 approach	 to	 animal	 health	 development,	 in	 which	 the	 original	 direction	 of	

research	was	set	by	stakeholders,	their	ideas	continuing	to	inform	study	design	and	disease	

control	strategies	(Catley	et	al.,	2012;	Leyland	and	Catley,	2002).	

	

The	initial	participatory	study	systematically	and	haphazardly	invited	owners	and	drivers	of	

working	 horses,	 from	 a	 variety	 of	 settings,	 to	 describe	 their	 own	 experiences	 of	 equine	

respiratory	 disease.	 Over	 the	 twelve	 sites,	 a	 wide	 variety	 of	 syndromes	 were	 identified,	

using	a	range	of	clinical	signs	in	differing	combinations.	Each	syndrome	was	further	defined	

by	 its	 duration	 and	 impact	 on	 ability	 to	work.	 There	were	 a	 large	 number	 of	 syndromes	

(n=44)	 and	 clinical	 signs	 (n=21)	 described,	 but	 the	many	 slight	 variations	 and	 sometimes	

complex	 disease	 presentations	 meant	 a	 clear	 pattern	 for	 identifying	 particular	 diseases	

with	a	certain	aetiology	did	not	emerge.	Differentiation	of	respiratory	disease	attributed	to	

different	aetiologies	 is	difficult	 for	owners	and	professionals	alike,	as	presentation	can	be	

similar	(Couëtil	et	al.,	2016;	Gilkerson	et	al.,	2015).	There	has	also	been	a	similarly	poorly-

defined	respiratory	syndrome	described	in	other	working	equid	populations	(Stringer	et	al.,	

2015)	and	a	need	for	further	investigation	has	been	recommended.		

	

The	 one	 hundred	 and	 seventy	 participants	 described	 their	 ideas	 on	 possible	 causes	 or	

factors	 associated	 with	 each	 respiratory	 syndrome.	 Thematic	 analysis	 helped	 to	 group	

these:	 the	main	 perceived	 risks	were	 associated	with	 communicable	 disease,	 risk	 arising	

from	environmental	conditions,	and	those	 influenced	by	management	 factors.	Frequently	

there	was	a	direct	link	between	the	suspected	cause	of	disease	and	the	choice	of	treatment	

or	prevention	action	suggested	by	participants.	These	broad	categories	identifying	risks	and	

disease	 progression	 suggest	 epidemiological	 patterns	 similar	 to	 those	 recognised	

elsewhere.	 For	 example,	 infectious	 disease	 outbreaks	 (Newton	 et	 al.,	 2006),	 indirect	

transmission	 of	 infectious	 disease	 (Christmann	 and	 Pink,	 2015)	 and	 disease	 arising	 from	

management	 (Clements	 and	 Pirie,	 2007a;	 Kirschvink	 et	 al.,	 2002)	 or	 environmental	

conditions	such	as	equine	asthma	(Hotchkiss	et	al.,	2007;	Millerick-May	et	al.,	2013).	
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The	suitability	of	participatory	methodologies	for	ascertaining	a	general	picture	of	disease	

in	a	population	is	supported	in	this	and	other	studies	including	many	from	Ethiopia	(Catley,	

2006;	 Catley	 and	 Mohammed,	 1996;	 Machila	 et	 al.,	 2003;	 Mariner	 and	 Roeder,	 2003;	

Upjohn	et	al.,	2013).	However,	owner	reporting	and	identification	of	disease	has	limitations	

as	has	been	demonstrated	by	others	 (Ireland	et	al.,	 2012;	McGowan	et	al.,	 2010).	 In	 this	

study,	 the	 reliability	 of	 owner	 reporting	 for	 nasal	 discharge	 demonstrated	 disagreement	

between	 owner	 and	 veterinary	 assessment.	 In	 contrast,	 owner	 reported	 coughing	 was	

shown	to	be	a	specific	indicator	of	lower	airway	mucus	in	the	case-control	study.	Although	

this	 study	 has	 demonstrated	 valuable	 existing	 community	 knowledge,	 which	 could	 be	

harnessed	 for	 community-level	 disease	 surveillance,	 it	 is	 likely	 that	 further	 owner-

awareness	education	or	campaigns	would	be	needed.			

	

A	 concerning	 result	 from	 the	 participatory	 study	 was	 the	 frequency	 with	 which	 self-

administered	 treatments	 for	 respiratory	 disease	 were	 advocated.	 These	 included	

potentially	 harmful	 practices,	 mainly	 drenching	 and	 smoking.	 Drenching	 consisted	 of	

pouring	 non-sterile,	 organic	material	 (especially	 rotten	 egg)	 into	 the	 nostril	 or	mouth	 to	

cure	a	cough.	Smoking	would	force	the	horse	to	inhale	the	smoke	from	burning	organic	or	

non-organic	 material.	 Both	 these	 treatment	 choices	 could	 potentially	 contribute	 to	

respiratory	disease	and	have	serious	sequelae.	Despite	frequent	reporting	of	these	during	

participatory	work,	 these	 self-administered	 treatments	were	 not	 a	 feature	 in	 the	 clinical	

histories	of	cases	at	the	clinic.		It	is	unclear	if	this	discrepancy	is	a	result	of	a	reluctance	to	

describe	 a	 failed	 treatment	 to	 clinic	 staff	 or	 that	 Focus	 Group	 Discussions	 captured	

treatments	known	about	but	not	necessarily	used	by	owners.		

	

Benefits	 from	the	completion	of	 this	qualitative	work,	preceding	clinical	 studies,	 included	

resolution	 of	 ambiguity	 in	 the	 interpretation	 of	 certain	 descriptive	 terms	 or	 any	 regional	

population	variations	that	should	be	included	in	subsequent	studies.	The	facilitation	of	the	

group	by	 an	 experienced	 animal	 health	 professional	 helped	 to	 determine	 the	 need	 for	 a	

visual	 chart	of	nasal	discharge	due	 to	 confusion	of	 verbal	descriptors	between	 sites.	 This	

chart	proved	useful	 throughout	 later	stages	of	 field	work.	 It	also	became	apparent	 that	a	

translation	for	vaccination	was	used	to	describe	any	veterinary	treatment	dispensed	from	a	

syringe	 so	 local	 terminology	 and	 meanings	 were	 considered	 in	 subsequent	 owner	

questionnaire	design.	
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Focus	groups	had	described	horse	breeding	solely	in	rural	highland	areas	with	male	horses	

moving	down	to	urban	towns	to	be	used	as	carthorses	as	they	got	older	(Appendix	A:	Horse	

trade	route	map).	The	exclusively	male	sample	population	in	our	urban	mid-	to	low-altitude	

sites,	 and	 a	 lower	 median	 age	 in	 some	 of	 the	 highland	 breeding	 sites	 reinforced	 this	

hypothesis	that	mares	were	kept	in	these	particular	areas.	Hence	the	cross-sectional	survey	

of	horses	was	targeted	across	a	variety	of	sites	capturing	a	diverse	equine	population	based	

on	information	arising	from	the	participatory	phase	of	the	project.	

	

The	 cross-sectional	 study	 assessed	 age	 by	 dental	 wear	 pattern,	 which	 could	 not	 be	

triangulated	with	horses’	actual	age	as	no	documentation	existed	and	few	equid	users	were	

able	 to	 suggest	 even	 an	 approximate	 life	 stage	 (young,	 adult,	 old)	 for	 their	 animals.	 If	

dental	 ageing	methods	are	used	as	 a	 good	estimate	 in	 this	population,	 then	 the	average	

age	of	 horses	 at	 around	12	 years	old	was	perhaps	higher	 than	expected.	 This	 suggests	 a	

longer	 working	 life-span	 than	 some	 previous	 studies	 in	 Ethiopian	 working	 equids	 have	

indicated	of	only		4-6	years	(Mekuria	and	Abebe,	2010).	

	

Survey	results	called	into	question	an	assumption	held	locally	that	many	carthorses	were	in	

fact	 loaned	 to	 the	 person	 driving	 them	 on	 a	 rental	 agreement.	 In	 this	 study,	 the	 vast	

majority	of	drivers	were	also	the	owner	of	the	horse	being	examined.		Given	that	this	group	

are	the	main	stakeholders	and	beneficiaries	of	improved	horse	health,	this	may	lead	to	the	

expectation	 of	 increased	 success	 in	 promoting	 better	management	 practices	 for	 disease	

reduction.	 However	 (and	 unfortunately),	 long-term	 investment	 in	 health	 may	 not	 be	

appealing	 to	 many	 owners	 as	 the	 median	 duration	 of	 ownership	 was	 just	 one	 year,	

suggesting	owners	are	frequently	selling	and	purchasing	animals.		

	

The	 cross-sectional	 survey	 enabled	 seroprevalence	 to	 the	 major	 primary	 respiratory	

pathogens	 to	 be	 estimated.	 Antibodies	 to	 Streptococcus	 equi	 subspecies	 equi	 were	

detected	 in	 8%	 of	 horses	 sampled,	 suggesting	 it	 is	 endemic	 in	 the	 working	 horse	

population.	 Infection	 with	 S	 equi	 classically	 leads	 to	 the	 characteristic	 signs	 of	 strangles	

commonly	lasting	over	two	weeks	and	thereby	meaning	clinical	signs	can	occur	alongside	a	

positive	serology	result.	However,	the	classical	signs	of	enlarged	or	abscessed	lymph	nodes	

were	rarely	 identified	or	reported	 in	this	study,	despite	positive	sero-status.	This	possible	

atypical	 presentation	 (Sweeney	 et	 al.,	 2005)	 following	 infection	was	 corroborated	 by	 the	
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descriptions	 given	 during	 the	 participatory	 study,	 where	 a	 clearly	 defined	 strangles-like	

syndrome	was	not	readily	articulated.	This	more	subtle	presentation	associated	with	S	equi	

could	 complicate	 diagnoses	 at	 clinics	 with	 limited	 laboratory	 tests	 at	 vets’	 disposal.	 The	

seroprevalence	of	S	equi	decreased	in	older	animals,	perhaps	suggesting	the	acquisition	of	

immunity	following	exposure	of	naïve	horses	at	a	young	age.	The	apparent	endemicity	of	

this	bacterium	and	the	potential	for	development	of	immunity	may	mean	that	many	horses	

remain	 immune	 following	 repeated	 re-exposure,	 leading	 to	 a	 swift	 anamnestic	 immune	

response	and	minimal	disease	 incidence	 in	 later	 life.	A	detectable	 immune	response	may	

persist	 for	 months	 following	 infection,	 but	 immunity	 may	 last	 nearer	 to	 five	 years	

(Robinson	et	al.,	2013).		

	

A	 notable	 finding	 in	 the	 seroprevalence	 study	was	 the	 absence	of	 antibodies	 to	 EHV-1/4	

when	 previous	 studies	 had	 estimated	 prevalence	 at	 14-21%	 and	 88-96%	 respectively	

(Endebu-Duguma,	2007;	Getachew	et	al.,	2014).	This	discrepancy	highlights	the	difficulties	

in	comparable	interpretation	of	results	from	different	serological	techniques.	Complement	

fixing	antibodies	remain	raised	for	a	shorter	time	following	infection	(<3	months)	than	virus	

neutralising	antibodies	that	remain	high	for	longer	(no	decline	at	10	months	post	infection)	

(Thomson	 et	 al.,	 1976).	 	 The	 use	 of	 complement	 fixation	 serological	 tests	 reduces	 the	

impact	 of	 long	 duration	 antibodies	 distorting	 prevalence	 estimated	 from	 a	 single	

serological	 test.	 It	 is	 likely	 that	 EHV-1	 and	 EHV-4	 are	 present	 in	 Ethiopia	 but	 were	 not	

circulating	during	the	study	period	or	contributing	to	the	respiratory	disease	detected.	

	

The	failure	to	detect	any	antibodies	to	Influenza	A	could	suggest	the	absence	of	this	virus	

from	 this	 central	 region	of	 the	 Ethiopian	 equine	population	 in	 the	previous	 6-12	months	

(Hannant	et	al.,	1988).	 If	 this	 is	 true,	concerns	about	the	potential	 impact	of	an	 incursion	

for	this	naïve	population	should	be	considered.	A	similar	scenario	has	been	seen	in	South	

Africa	where	introduction	of	equine	influenza	through	an	imported	horse	was	particularly	

damaging	(Guthrie	et	al.,	1999).	A	similar	introduction	route	in	Ethiopia	is	much	less	likely,	

as	 it	 is	 thought	 that	 there	have	not	been	any	 international	horse	movements	since	those	

gifted	to	Emperor	Selassie	for	the	Palace	stables	previous	to	1975.	However,	a	number	of	

international	embassies	have	small	equine	facilities	that	may	look	to	source	foreign	breeds,	

and	as	the	Ethiopian	middle-classes	become	more	affluent	there	may	be	imports.	It	should	

therefore	 be	 suggested	 that	 national	 guidelines	 for	 equine	 importation	 be	 drawn	 up	 to	

mitigate	this	risk.		
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The	case-control	study	performed	at	SPANA’s	main	clinics	was	able	to	describe,	for	the	first	

time,	 lower	 respiratory	 tract	 changes	 associated	 with	 clinical	 signs	 in	 Ethiopian	 horses.	

Increased	 tracheal	 mucus	 and	 a	 neutrophilic	 inflammation	 in	 the	 lower	 airways	 were	

significantly	associated	with	case	horses,	and	also	constitute	a	 common	 finding	 in	horses	

with	 forms	 of	 equine	 asthma	 or	 septic	 inflammation	 in	 the	 international	 literature	

(Cardwell	 et	 al.,	 2011b;	 Depecker	 et	 al.,	 2014;	 Wood	 et	 al.,	 2005a).	 Markers	 pointing	

towards	septic	 inflammation,	such	as	 intracellular	bacteria,	were	present	 in	some	but	not	

all	horses,	supporting	a	role	for	both	infectious	and	non-infectious	aetiologies.		

	

Although	case	horses	were	much	more	likely	to	have	a	neutrophilic	inflammation	this	was	

also	 found	 in	a	number	of	controls	horses.	Furthermore,	a	number	of	control	horses	also	

had	abnormal	 eosinophil	 proportions.	 This	 could	 suggest	 that	horses	 suffering	 subclinical	

disease	had	been	 incorporated	 into	 the	control	group,	potentially	affecting	 the	 results	of	

analysis	 for	 risk	 factors	and	pathology	associated	with	disease.	The	 increased	eosinophils	

may	indicate	allergic	airway	disease	(Gerber	et	al.,	2003b;	Hare	and	Viel,	1998),	which	has	

been	found	to	exist	sub-clinically	 in	other	studies	 (Fraipont	et	al.,	2011).	Alternatively,	an	

eosinophil-dominated	 inflammation	 may	 indicate	 parasitic	 infection	 (Round,	 1976).	

Lungworm	 is	 a	 possible	 differential	 for	 coughing	 in	 the	 Ethiopian	 horse	 population,	 but	

detection	 has	 been	 limited	 by	 the	 insensitivity	 of	 diagnostic	 tests	 available	 (Boyle	 and	

Houston,	2006).	Another	 study,	also	performed	within	 the	Oromia	 region,	 found	a	 faecal	

prevalence	 of	 Dictylocaulous	 species	 larvae	 in	 6%	 of	 horses	 (Feye	 and	 Bekele,	 2016)..	

However,	this	 is	 likely	an	underestimate	as	this	method	will	only	detect	actively	shedding	

horses	and	patent	 infection	 in	 the	horse	 is	 infrequent	 (Boyle	and	Houston,	2006;	Round,	

1976).	As	 such,	 lungworm	may	well	 be	 an	undetected	 contributor	 to	 clinical	 signs	 in	 our	

population.	Gastrointestinal	parasites	are	considered	a	major	constraint	to	working	equid	

health	and	deworming	strategies	already	in	place	to	target	these	parasites	will	also	control	

for	 lungworm	 (Campbell	 and	 Benz,	 1984).	 However,	 current	 anthelmintic	 use	 to	 reduce	

internal	parasitism	 is	often	using	an	oral	dose	of	an	 injectable	 formulation	of	 Ivermectin.	

The	efficacy	of	such	a	route	of	administration	or	a	suitable	dose	has	not	been	established	

as	 far	 as	 the	 author	 is	 aware.	 It	 is	 therefore	 recommended	 that	 a	 simple	 pre-	 and	 post-

worming	 assessment	 of	 parasite	 burden	 be	 performed	 to	 validate	 this	 treatment	 or	

prevention	protocol.		
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With	the	use	of	endoscopy,	it	was	possible	to	collect	respiratory	secretions	from	the	lower	

airways	for	subsequent	detection	of	the	DNA	or	RNA	of	multiple	infectious	agents.	Findings	

were	generally	in	agreement	with	serological	results	from	the	cross-sectional	survey	where	

there	 was	 little	 evidence	 of	 the	 major	 respiratory	 viruses	 (influenza,	 arteritis	 virus,	

alphaherpesviruses	 (EHV-1/4)	 and	 picornaviruses	 (ERAV/ERBV)).	 The	 case-control	 study	

however,	 failed	 to	 detect	 a	 statistically	 significant	 association	 of	 S	 equi	 in	 airways	 or	

antibodies	 in	blood	with	 clinical	 signs.	This	 lack	of	association	of	organism	presence	with	

clinical	 signs	 is	 likely	 due	 to	 the	 low	 rate	 of	 S	 equi	 detection,	 possibly	 a	 result	 of	 a	 sub-

optimal	 sample	 site	 (Timoney	 et	 al.,	 2006b).	 Single	 serology	 results	 may	 not	 always	 be	

expected	to	relate	with	clinical	signs	as	a	detectable	response	to	infection	occurs	after	the	

onset	of	clinical	signs	and	persist	beyond	disease	resolution	(Sweeney	et	al.,	2005).	

	

The	 gammaherpesviruses	were	 frequently	 detected	 in	 the	 respiratory	 secretions	 in	 both	

cases	 and	 controls.	 Their	 aetiological	 role	 in	 respiratory	 disease	 is	 still	 unclear,	 but	 it	 is	

likely	that	horses	are	infected	as	foals	(Wang	et	al.,	2007).	The	presence	of	this	virus	in	both	

case	and	control	horses	may	therefore	represent	a	recrudescence	of	a	latent	infection.	This	

can	occur	due	to	stressors	not	necessarily	associated	with	respiratory	health.	 It	 is	unlikely	

that	 the	 reactivated	 EHV-2	 or	 -5	would	 directly	 cause	 signs	 of	 respiratory	 disease,	 but	 it	

might	 act	 synergistically	 with	 other	 organisms	 in	 the	 airways	 (Dunowska	 et	 al.,	 2002;	

Nordengrahn	et	al.,	1996).		

	

The	strongest	association	between	respiratory	cases	and	an	 infectious	agent	 in	 the	 lower	

airways	 was	 the	 presence	 of	 Streptococcus	 zooepidemicus.	 Commonly	 isolated	 from	 the	

upper	 respiratory	 tract	 it	 has	 been	 previously	 assumed	 to	 opportunistically	 colonise	 the	

lower	 airways.	 However,	 S	 zooepidemicus	 has	 also	 been	 shown	 to	 act	 as	 a	 primary	

pathogen	of	the	equine	respiratory	tract	(Björnsdóttir	et	al.,	2012;	S.	Lindahl	et	al.,	2013),	

with	some	hypothesising	that	strain	variation	may	lead	to	differences	in	virulence	(Newton	

et	al.,	2008).	The	pathogenesis	of	disease	and	the	role	played	by	S	zooepidemicus	cannot	be	

further	understood	from	this	study;	however	several	isolates	cultured	from	guttural	pouch	

washes	 of	 animals	with	mucopurulent	 nasal	 discharge	 have	 been	 sequenced.	 It	 is	 hoped	

that	in	future	it	may	be	possible	to	further	compare	the	genomes	of	isolates	from	clinically	

ill	horses	to	identify	any	genetic	basis	for	virulence	of	S	zooepidemicus	in	this	population.		
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Lower	 airway	 infection	with	 S	 zooepidemicus	 is	 known	 to	 occur	 in	 immunocompromised	

individuals	 and	 the	primary	health	 challenge	need	not	be	 from	a	 respiratory	 source.	 It	 is	

therefore	 important	 to	 consider	 general	 horse	 health	 and	 possible	 interactions	 with	

respiratory	 disease.	 Unfortunately,	 this	 study	 was	 limited	 in	 its	 scope	 to	 assess	 overall	

health	to	basic	clinical	examination,	haematology	and	biochemistry	measures.	There	were	

no	 statistically	 significant	 associations	 between	 these	 general	 health	 parameters	 and	

respiratory	disease	 in	our	population,	but	both	case	and	control	groups	showed	frequent	

abnormalities.	 In	 contrast	 to	 sports	 or	 pleasure	 horses,	working	 equids	 frequently	 suffer	

poor	body	condition.	Our	population	was	no	exception	with	up	to	40%	in	poor	or	very	poor	

condition.	This	is	similar	to	other	Ethiopian	based	surveys	(Mekuria	and	Abebe,	2010)	but	is	

markedly	 different	 to	 UK	 findings	 (Robin	 et	 al.,	 2015).	 The	 co-morbidity	 rate	 of	 this	

population	 is	 also	 high,	 with	 some	 studies	 reporting	 90%	 prevalence	 of	 wounds,	

musculoskeletal	problems	and	poor	body	condition	(Biffa	and	Woldemeskel,	2006;	Fikru	et	

al.,	2015;	Mekuria	et	al.,	2013).	So	there	may	be	some	influence	of	non-respiratory	disease	

on	a	proportion	of	the	horses	examined,	which	was	not	captured	in	our	analysis.		

	

The	 broad	 case	 definition	 used	 for	 selection	 of	 cases	 in	 the	 case-control	 study	 included	

various	presentations	of	respiratory	disease,	and	potentially	as	a	result	various	aetiologies	

and	associated	risk	factors.	Risk	factor	analysis	is	vital	to	start	to	understand	why	and	how	

horses	are	affected	by	disease	in	this	population.	Age	of	horse	was	identified	as	associated	

with	 sero-status	 for	S	 equi	 in	 the	 cross-section	where	 young	horses	were	 at	 greater	 risk,	

with	 this	diminishing	 in	a	 linear	 fashion	as	horses	became	older.	Age	was	also	associated	

with	respiratory	cases	in	the	case	control	study,	where	risk	decreased	up	to	around	the	age	

of	 ten	 years,	 then	 increasing	 again	 for	 mature	 and	 geriatric	 horses.	 This	 finding	 may	

support	 a	 role	 for	 different	 aetiologies,	 for	 example	 infectious	 disease	 in	 early	 life,	

diminishing	 with	 acquisition	 of	 immunity,	 followed	 by	 a	 higher	 risk	 of	 chronic	 airway	

disease	later	in	life;	a	pattern	of	disease	risk	which	is	reflected	in	other	populations	(Dixon	

et	al.,	1995b;	Houtsma	et	al.,	2015;	Morley	et	al.,	2000b;	Pusterla	et	al.,	2013).	

	

Other	risk	factors	for	respiratory	disease	were	related	to	work	intensity,	housing	and	water	

access.	An	increased	risk	of	disease	for	those	horses	performing	strenuous	or	high	intensity	

exercise	 has	 been	 found	 in	 other	 populations	 and	 may	 be	 related	 to	 inhalation	 of	

particulates	or	changes	to	the	 immune-competence	of	airways	(Raidal	et	al.,	2000,	1997).	

The	 intensity	 of	 exercise	was	 by	 description	 from	 the	 horse	 owner	 only,	 so	 it	may	 be	 of	



	 CHAPTER	6																	
	

150	

interest	 to	 try	 to	 define	 strenuous	 compared	 to	 moderate	 intensity	 exercise,	 so	 that	

suitable	recommendations	can	be	made	to	reduce	any	exercise-related	risk.		

	

Drinking	from	a	stagnant	water	source	was	identified	in	the	participatory	study,	linked	with	

owners’	 perception	 that	 horses	 were	 at	 risk	 of	 picking	 up	 leeches	 which	 would	 lead	 to	

epistaxis.	The	groups	reporting	this	as	a	cause	of	disease	tended	to	be	in	the	rural	highlands	

hence	 follow-up	 in	 these	 areas	 specifically	 may	 be	 required.	 	 Although	 there	 was	 no	

evidence	of	leeches	in	the	nostrils	of	cases	examined,	and	rarely	was	epistaxis	a	presenting	

complaint,	 this	was	 included	 as	 a	 variable	 in	 the	 risk	 analysis	 questionnaire.	 It	 is	 unclear	

why	 stagnant	 water	 increased	 the	 risk	 of	 respiratory	 disease	 for	 urban	 carthorses,	 the	

causal	link	is	not	clear;	observing	a	water	source	considered	‘stagnant’	by	owners	would	be	

interesting	and	may	highlight	whether	this	may	represent	a	proxy	for	a	so-far	unidentified	

risk	factor.		

	

An	 explanation	 of	 the	 increased	 risk	 for	 horses	 housed	 on	 a	 cobbled	 floor,	 compared	 to	

those	 on	 bare	 earth	 or	 solid	 concrete	 floors,	 was	 not	 immediately	 apparent.	 Making	 a	

simple	comparison	between	the	descriptions	of	floor	types,	it	appears	the	difference	lies	in	

the	mixed	material	 floor	and	presumably	 the	recessed	 junctions	between	cobbles	or	 flat-

rocks	 (as	 the	 owners	 describe	 them).	 However,	 it	may	 be	 that	 this	 risk	 factor	 is	 again	 a	

proxy	 for	 another	 housing	 or	 husbandry	 risk	 factor	 otherwise	 not	 identified	 from	 our	

screening	questionnaire.	Further	work	 is	 required	 including	visiting	horses	at	 their	homes	

to	 observe	 any	 behaviours	 that	 may	 help	 to	 unravel	 the	 risk,	 as	 well	 as	 further	

understanding	management	practices.		

	

Other	possible	causes	of	respiratory	disease	 identified	by	those	 in	the	participatory	study	

were	not	significant	in	the	case-control	study.	These	included	ideas	on	risks	associated	with	

a	sweating	or	a	hot	horse	being	exposed	to	cold	water	or	wind,	and	the	perceived	higher	

frequency	 of	 disease	 in	 animals	when	 changing	 climates	 from	 the	 highlands	 to	mid-	 and	

low-altitude	towns	(mostly	occurring	at	the	point	of	sale).	These	may	still	be	of	interest	to	

explore	 further	 as	 they	 bear	 some	 resemblance	 to	 risk	 factors	 associated	with	mixing	 or	

shipping	of	horses	in	other	populations	(Austin	et	al.,	1995).	

		

There	 was	 regular	 attendance	 at	 SPANA	 clinics	 for	 respiratory	 problems,	 with	 good	

enrolment	in	the	case-control	study.	To	the	author’s	knowledge,	the	equipment	imported	
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for	this	study	is	the	first	veterinary	endoscope	in	Ethiopia	and	there	have	been	no	previous	

reports	of	the	aetiology	or	pathology	of	lower	airway	disease.	There	have	been	studies	of	

horses	 attending	 clinics	 in	 other	 areas	 of	 Ethiopia	 that	 have	 suggested	 a	 diagnosis	 of	

pneumonia	 in	 18-22%	 of	 cases	 (Amante	 et	 al.,	 2014;	 Daneil	 and	 Asefa	 Asmare,	 2013)	 .	

However,	neither	 study	gave	 information	on	how	such	a	diagnosis	was	 reached.	Another	

study,	 examining	 health	 complaints	 in	 donkeys	 presenting	 to	 clinics	 also	 described	 the	

prevalence	of	pneumonia,	but	clarified	this	as	 indicated	by	coughing	(Tesfaye	and	Curran,	

2005)	hence	there	may	be	some	misclassification.	These	data	are	similar	to	the	clinic	case	

data	from	SPANA	that	suggested	up	to	15	%	of	clinic	attendances	were	for	respiratory	signs	

(unpublished	data,	2012).	

	

The	 research	 conducted	 in	 this	 thesis	 represents	 novel	 work	 investigating	 the	 causes	 of	

respiratory	disease	in	this	population	and	cannot	claim	to	be	a	comprehensive	review	of	all	

possible	facets	of	respiratory	disease	but	should	serve	as	a	sound	base	for	others	to	build	

on	with	further	research.		

	

The	project	 benefitted	 from	excellent	 participation	 rates	 from	Ethiopian	 equid	 users	 and	

Cart	Horse	Associations	where	 these	were	present.	 The	 combination	of	 the	participatory	

work	and	the	subsequent	quantitative	study	has	helped	to	build	a	more	complete	picture	

of	 disease	 than	 a	 purely	 clinical	 approach	 may	 have	 done	 and	 provided	 context	 within	

which	 to	 interpret	 study	 data.	 The	 well	 designed	 cross-sectional	 survey	 across	 several	

regions	of	Ethiopia	has	not	only	proved	useful	for	estimating	the	prevalence	of	respiratory	

pathogens	 described,	 but	 samples	 have	 been	 stored	 for	 estimating	 prevalence	 of	 other	

infectious	disease	 in	 this	population	also.	Projects	 investigating	Typanosomiasis,	Epizootic	

Lymphangitis,	African	Horse	Sickness	and	Equine	Infectious	Anaemia	have	all	utilised	these	

banked	clinical	samples,	maximising	the	impact	from	the	fieldwork	and	minimising	the	risk	

of	participant	fatigue	from	repeated	sampling	for	each	new	project.	

	

However,	there	are	 limits	to	how	representative	a	sample	has	been	achieved,	with	a	bias	

towards	 sites	 with	 vehicular	 access	 and	 those	 within	 a	 day’s	 drive	 from	 Addis	 Ababa	

University	 College	 of	 Veterinary	 Medicine	 and	 Agriculture.	 Lowland	 areas	 were	 also	

underrepresented	in	the	cross-sectional	study	but	this	was	mainly	the	result	of	a	failure	to	

identify	 lowland	 towns	 with	 substantial	 horse	 populations,	 as	 people	 living	 in	 these	

climates	more	often	make	use	of	donkeys	or	camels.	Despite	targeting	sites	described	by	
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participants	 as	 ‘breeding	 areas’,	 there	was	 still	 a	 dominance	 of	male	 horses	 throughout.	

The	 gender	 split	 was	 also	 apparent	 for	 human	 participants,	 with	 no	 female	 carthorse	

drivers	 encountered,	 but	 a	 small	 number	 attending	 focus	 group	 discussions	 following	

random	selection	 from	CHA	membership	 lists.	The	different	 roles	 for	men	and	women	 in	

delivering	 day-to-day	 care	was	 not	 established	 and	may	 be	 something	 to	 consider	when	

designing	disease	reduction	strategies.	

	

Limitations	of	the	approach	taken	in	this	thesis	included	the	necessity	to	narrow	‘causes	of	

respiratory	disease’	to	causes	of	coughing	and	nasal	discharge	(as	working	equid	users	had	

specified	in	previous	surveys	(Scantlebury	et	al.,	2015;	Shelima	et	al.,	2006;	Stringer	et	al.,	

2016)).	 As	 such,	 exclusions	were	made	 for	 animals	 suspected	 of	 being	 infected	with	 the	

pulmonary	 or	mixed	 form	 of	 African	 Horse	 Sickness,	 possible	 Glanders	 cases	 and	 horses	

with	the	suspected	nasal	form	of	Epizootic	Lymphangitis.	Severe	cases	of	pleuropneumonia	

were	also	excluded	as	not	fitting	the	‘coughing	and	nasal	discharge’	description	of	ill	horses	

by	owners.		

	

The	 study	 design	 was	 also	 not	 appropriate	 for	 assessing	 temporal	 patterns	 of	 disease,	

which	 is	 something	 that	 was	 highlighted	 in	 SPANA	 clinic	 data	 but	 not	 a	 major	 concern	

during	 the	 focus	 groups.	 We	 were	 also	 not	 able	 to	 offer	 individual	 feedback	 from	

diagnostics	due	to	a	necessary	time	delay	between	sampling	and	testing	due	to	export	of	

samples	from	Ethiopia	to	suitably	equipped	and	quality	controlled	testing	laboratories.	The	

measures	taken	to	meet	importation	requirements	for	samples	entering	the	UK	meant	that	

serum	 samples	 were	 heat	 treated,	 limiting	 their	 usefulness	 beyond	 serological	 analysis.	

Respiratory	 samples	 had	 nucleic	 acid	 extraction	 performed	 in	 Ethiopia	 with	 transport	

making	use	of	FTA	cards	to	avoid	the	need	for	expensive	cold-chain	couriers.	The	storage	of	

RNA	samples	on	FTA	cards	is	likely	to	have	lead	to	a	reduction	in	our	diagnostic	sensitivity,	

with	some	degradation	of	nucleic	acids	over	time	as	has	been	found	in	other	studies	(Awad	

et	al.,	2014).		

	

There	was	no	measure	of	environmental	dust	made	during	the	study,	despite	this	being	a	

well-recognised	risk	factor	for	equine	asthma	or	bacterial	disease	elsewhere	(Ivester	et	al.,	

2014;	Kirschvink	et	al.,	2002;	Lanz	et	al.,	2013;	Von	Essen	et	al.,	1988).	Dust	has	also	been	

shown	to	 increase	the	chance	of	bacterial	 invasion	of	 the	nasopharnyx	 in	humans	 in	sub-

Saharan	 Africa	 (Jusot	 et	 al.,	 2016).	 From	 personal	 observation,	 dust	 on	 roads	 where	
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carthorses	 are	 working	 appears	 high	 and	 it	 is	 recommended	 that	 a	measure	 of	 working	

equid	daily	particulate	exposure,	and	types	of	particulates,	may	be	useful	in	understanding	

respiratory	disease.			

	

As	discussed	during	earlier	chapters,	challenges	arose	in	the	interpretation	of	some	clinical	

parameters,	especially	respiratory	and	heart	rates	and	haematological	values,	using	cut	offs	

published	 for	 UK	 or	 Asian	 horses	 (Knottenbelt,	 2006;	 Pritchard	 et	 al.,	 2009).	 	 This	 was	

overcome	 in	 analysis	 by	 consideration	 of	 parameters	 as	 continuous	 variables.	 However,	

this	 is	 not	 a	 suitable	 solution	when	 interpreting	 clinical	 case	 data	 for	 diagnosis.	 It	would	

therefore	 be	 desirable	 to	 establish	 local	 reference	 intervals	 for	 these	 horses.	

Unfortunately,	 it	has	not	been	possible	to	use	our	control	population	to	do	this,	as	 it	was	

too	small	and	the	population	was	not	deemed	free	of	other	non-respiratory	health	 issues	

(International	Federation	of	Clinical	Chemistry,	1987).	This	may	also	prove	a	challenge	for	

future	 studies	 trying	 to	 identify	 a	 healthy	 control	 population	 due	 to	 high	 rates	 of	 co-

morbidity	(Amante	et	al.,	2014;	Getachew	et	al.,	2014;	Shelima	et	al.,	2006).	Results	from	

control	horses	compared	to	those	in	the	cross-section	study	(that	had	been	rested	20mins	

or	 longer),	 showed	 similar	 trends	 when	 compared	 to	 the	 published	 reference	 intervals.	

However,	 cardiorespiratory	 and	 haematological	 parameters	 from	 the	 cross-section	 were	

generally	a	little	higher	which	may	reflect	the	effects	of	recent	exercise	(Hargreaves	et	al.,	

1999).	 The	 most	 striking	 contrasts	 to	 parameters	 from	 other	 countries	 were	 the	 high	

respiratory	 rates,	 high	 concentration	 of	 plasma	 proteins	 and	 number	 of	 horses	 with	

anaemia.	 There	 could	 be	 some	 breed	 adaptation	 to	 their	 environment	 (Sneddon,	 1993)	

meaning	 these	 parameters	 were	 physiologically	 normal	 for	 this	 population	 but,	

pathological	causes	should	be	ruled	out.	These	could	include	infectious	causes	of	anaemia	

thought	 to	 be	 present	 in	 Ethiopia	 such	 as	 equine	 infectious	 anaemia	 (Getachew	 et	 al.,	

2014),	 piroplasmosis	 (Gizachew	 et	 al.,	 2013)	 or	 trypanosomiasis	 (Hagos	 et	 al.,	 2010)	 and	

should	consider	dehydration	and	heat	stress	in	these	animals.	The	presence	of	dehydration	

should	be	 investigated	using	more	 sensitive	 indicators	 than	were	used	here	 (Pritchard	et	

al.,	2007).		

	

The	 findings	 of	 this	 thesis	 can	 now	 be	 considered	 from	 the	 varied	 viewpoints	 of	 the	

interested	parties:	 veterinary	 staff	 at	 clinics	working	 to	diagnose,	appropriately	 treat	and	

manage	 cases;	 users	 of	 working	 equids	 aiming	 to	 reduce	 disease	 incidence,	 avoid	

transmission	 and	 reduce	 impact	 of	 illness;	 national	 animal	 health	 institutes	 looking	 for	
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prevalence	 data,	 to	 reduce	 or	 eradicate	 disease;	 and	 finally	 for	 researchers	 looking	 to	

further	understand	respiratory	disease	epidemiology	in	this	population.		

	

For	veterinary	staff	at	clinics,	a	major	constraint	is	the	lack	of	access	to	diagnostics	and	the	

challenges	 of	 differentiating	 between	 syndromes	 presenting	 with	 similar	 signs.	 This	 is	

further	 complicated	 by	 the	 atypical	 presentation	 of	 strangles,	 which	 is	 unlikely	 to	 be	

diagnosed	without	 the	use	of	pathogen	detection	 techniques	or	 serology.	Barriers	 to	 the	

availability	 of	 commercially	 available	 diagnostics	 for	 equine	 disease	 are	 likely	 to	 be	

numerous,	not	least	the	challenges	of	inconsistent	electricity	supply	to	fridges,	freezers	or	

incubators,	and	the	lack	of	appropriate	laboratory	facilities.		

	

For	the	specialist	equine	services	provided	by	SPANA	at	Addis	Ababa	University,	there	may	

exist	 greater	 accessibility	 to	 facilities	 for	 culture	 and	 cytological	 assessment	 of	 samples	

taken	with	the	endoscope,	and	this	may	present	an	avenue	for	exploration	in	strategies	to	

tackle	S	equi	infection.	Additional	difficulties	for	veterinary	services	include	the	availability	

of	equine	therapeutics,	with	no	equine-specific	NSAIDs	(non-steroidal	anti-inflammatories)	

available	 in	 country	 and	 limited	 antimicrobials,	 often	 only	 in	 human	 or	 ruminant	

formulations.		

	

Staff	development	of	clinical	acumen	in	front-line	services	in	Ethiopia	is	challenged	by	the	

inconsistency	of	clinic	days	and	inability	for	regular	revisits,	especially	when	animals	can	be	

travelling	long	distances	(>10km)	to	clinics.	It	may	be	of	some	benefit	to	explore	options	for	

long-distance	 follow-up,	 for	 example	 by	mobile	 phone,	 to	 enable	 a	 feedback	mechanism	

for	 successful	 	 management	 strategies	 in	 clinical	 cases.	 It	 may	 also	 be	 useful	 to	 record	

greater	 detail	 of	 cases	 attending	 the	 clinic,	 for	 the	 benefit	 of	 staff	 development	 and	

capacity	for	retrospective	analysis	of	cases.	

	

The	finding	of	 infectious	agents	in	cases	attending	clinics	in	this	research	make	the	risk	of	

disease	 transmission	occurring	 in	 the	clinic	 setting	a	 concern.	Protocols	 for	biosecurity	at	

the	clinic	may	need	to	address	the	risk	of	fomite	transmission	on	personnel	or	equipment,	

through	 shared	 water	 troughs	 or	 nose-to-nose	 contact	 in	 holding	 pens	 (Christmann	 and	

Pink,	2015;	Firestone	et	al.,	2012).	The	disposal	of	potentially	infectious	clinical	waste	may	

also	benefit	from	review,	with	the	development	of	a	Standard	Operating	Procedure	(SOP).	
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Findings	 from	this	 research	may	be	used	to	advise	owners	on	better	management	of	sick	

animals,	reducing	risky	behaviour,	or	minimising	transmission	of	infectious	agents.	A	review	

of	 the	 motivators	 and	 barriers	 to	 enacting	 these	 recommendations	 would	 be	 useful	 as	

there	 are	 likely	 to	 be	 constraints.	 	 Owners	 may	 be	 reluctant	 to	 isolate	 a	 sick	 horse	 for	

example,	due	to	the	impact	on	income	generation.		

	

During	 discussion	 and	 questioning	 around	 AHS	 vaccination	 uptake	 from	 government	

services,	 it	 became	 apparent	 that	 communication	 of	 an	 outbreak	 and	 call	 to	 vaccination	

varied	between	sites.	Any	attempts	 to	communicate	an	outbreak	or	 instigate	community	

training	 would	 have	 to	 be	 targeted	 to	 each	 site	 and	 could,	 for	 example,	 make	 use	 of	

existing	Cart	Horse	Associations	where	present.	Advice	to	be	given	and	barriers	to	uptake	

may	also	vary	greatly	between	 sites	not	geographically	distant,	 given	 the	huge	variety	of	

urban	and	rural	contexts	mentioned	in	the	study.		

	

The	 risk	 factors	 identified	 in	 this	 study	 may	 need	 further	 investigation	 to	 confirm	 their	

effect	 in	 more	 detail.	 However,	 providing	 fresh	 water,	 lowering	 periods	 of	 strenuous	

exercise	 and	 changing	 housing	 floor	 design	 may	 all	 be	 feasible	 interventions	 to	

communicate	to	equid	users.	A	variety	of	approaches	can	be	taken,	from	dispensing	advice	

to	 those	 attending	 clinics	 to	 running	 community	 education	 campaigns	 with	 effective	

knowledge	transfer	methods	as	described	by	(Stringer	et	al.,	2011a).	

	

From	 a	 national	 perspective,	 if	 the	 importance	 of	 working	 equid	 health	 is	 accepted	

(Ethiopia	is	exceptional	in	developing	nations	as	having	equine	welfare	legislation	in	place	

(Asebe	 et	 al.,	 2016)),	 then	 improvement	 of	 overall	 horse	 health	 may	 be	 desirable	 and	

emerging	horse	health	threats	should	be	mitigated.	New	OIE	standards	on	working	equid	

welfare	have	also	been	recently	defined	and	member	countries	will	need	to	adopt	practices	

to	 meet	 these	 (OIE,	 2016b).	 Results	 of	 this	 study	 have	 highlighted	 the	 Ethiopian	 horse	

population’s	 potential	 vulnerability	 to	 equine	 influenza	 and	 further	 identification	 of	

introduction	 risks	 should	be	 considered.	 It	may	also	be	of	 interest	 to	explore	options	 for	

disease	 surveillance,	 perhaps	 drawing	 on	 experiences	 from	 the	 recent	 human	 and	 swine	

influenza	surveillance	programmes	operating	in	Ethiopia	(Ayele	et	al.,	2012;	Meseko	et	al.,	

2014).	National	 strategies	 to	 reduce	 disease	 in	 the	 horse	 population	may	want	 to	 target	

endemic	S	equi.	In	other	endemic	countries	there	have	been	proposals	for	eradication	but	

these	face	problems	(Waller,	2013).	A	critical	aspect	is	the	sensitive	identification	of	carrier	
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animals	 (Davidson	 et	 al.,	 2008;	 Newton	 et	 al.,	 2000a;	Webb	 et	 al.,	 2013).	 Difficulties	 in	

identifying	carrier	animals	would	have	to	be	addressed	first	and	the	impact	on	adult	horse	

immunity	 levels	 considered	 if	 exposure	 as	 a	 young	 horse	 was	 less	 frequent	 in	 Ethiopia.	

Vaccines	 are	 commercially	 available	 but	 their	 use	 is	 not	 without	 complication	 (Kemp-

Sydmonds	et	al.,	2007;	Timoney,	2007)	 including	the	ability	to	differentiate	 infected	from	

vaccinated	animals	(DIVA).	It	is	unlikely	vaccination	will	provide	a	viable	option	for	control	

of	S	equi	in	Ethiopia	for	some	time.		

	

This	 thesis	 has	 confirmed	 that	 respiratory	 disease	 is	 a	 valid	 owner	 concern	 with	 horses	

having	evidence	of	 lower	airway	pathology	 that	 is	very	 likely	contributing	 to	clinical	 signs	

and	 impacting	 working	 ability.	 	 Our	 findings	 help	 to	 resolve	 some	 unknowns	 in	 the	

aetiology	 of	 equine	 respiratory	 disease,	 but	 as	 can	 be	 expected,	 this	 has	 led	 to	 further	

questions	to	be	answered.	Some	suggestions	for	areas	of	further	study	have	already	been	

mentioned	 but	may	 also	 include	 identification	 of	 transmission	 of	 S	 equi	 and	 the	 role	 of	

carrier	 animals.	 If	 possible	 the	 establishment	 of	 a	 cohort	 of	 horses	 may	 capture	 the	

multitude	of	challenges	this	population	face,	determining	disease	incidence	and	building	a	

more	 complete	 picture	 of	 working	 equid	 health	 beyond	 respiratory	 complaints.	 Further	

work	 on	 the	 epidemiology	 of	 S	 zooepidemicus	 is	 needed	 before	 disease	 reduction	

strategies	can	be	developed.	Understanding	if	infection	establishes	due	to	an	opportunistic	

colonisation	by	a	commensal	organism	 (Wood	et	al.,	2005a)	or	 if	 there	 is	 transmission	of	

more	 virulent	 strains	 causing	 infection	 would	 be	 of	 interest	 (Björnsdóttir	 et	 al.,	 2012;	

Newton	et	al.,	2008).		

	

Equine	research	capacity	in	Ethiopia	is	growing	and	the	collaboration	between	SPANA	and	

students	at	 the	Addis	Ababa	University	may	present	opportunities	 to	continue	to	unravel	

the	causes	of	respiratory	disease	 in	working	equids.	Additionally,	 the	 introduction	of	new	

technologies,	such	as	the	endoscope	at	SPANA	clinics,	can	continue	to	be	utilised	with	the	

prospect	of	developing	greater	diagnostic	capacity.		

	

	

	

	

	

Conclusions	
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This	body	of	work	has	made	substantial	inroads	into	an	otherwise	sparse	field	of	research	

regarding	the	respiratory	health	of	working	equids.	While	there	are	some	similarities	to	

respiratory	disease	in	other	populations	for	some	findings,	vast	differences	in	husbandry,	

work	demands	and	environmental	conditions	make	comparison	to	much	of	the	existing	

literature	difficult.	Although	it	has	been	shown	that	there	are	multifactorial	contributors	to	

respiratory	disease,	the	role	of	infection	with	S	equi	and	S	zooepidemicus	demands	further	

attention,	as	do	the	risk	factors	for	lower	airway	inflammation	that	may	lead	to	subclinical	

disease	in	this	population.	
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Appendix	A:	Trade	route	map	for	horses.	Owner	reported	origins	of	horse	examined	as	

described	in	the	questionnaire	results	from	the	Chapter	2	and	3.	Green	dots	represent	sites	

visited	during	study;	red	arrows	show	movement	of	horses	to	each	study	site.	Locally	

identified	towns	shown	on	the	map	are	as	reported	by	participants	and	SPANA	Ethiopia	

staff	and	are	therefore	approximate.		
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Plain	Language	Summary	
	
There	are	over	two	million	working-horses	in	Ethiopia,	mainly	pulling	cart-taxis	laden	with	
people	or	materials.	They	suffer	many	health	problems	that	can	affect	their	ability	to	work.	
In	previous	studies,	owners	and	drivers	were	asked	what	health	problems	were	the	most	
important	to	address.	Many	identified	coughing	and	a	discharge	of	mucus	or	pus	from	the	
nostrils	 as	 a	 common	 and	 important	 problem	 in	 their	 animals.	 Coughing	 or	 a	 nasal	
discharge	 are	 signs	 of	 breathing	 problems	 (respiratory	 disease)	 and	 can	 have	 different	
causes.	 Horses	 that	 attend	 the	 veterinary	 clinics	 in	 Ethiopia	 are	 often	 suffering	 from	 a	
respiratory	 problem,	 but	 it	 has	 not	 yet	 been	 possible	 to	 identify	 the	 causes.	 	 Without	
knowing	what	causes	disease,	it	is	difficult	to	give	the	right	treatment	or	advise	on	how	to	
prevent	 the	problem	 in	 the	 first	place.	 	Unfortunately,	when	a	horse	 is	 not	 able	 to	work	
there	can	be	serious	consequences	for	the	owners	and	their	families,	who	rely	heavily	on	
the	income	generated	from	their	animal	to	live.		
	
To	 start	 to	 understand	 the	 problems	 of	 respiratory	 disease	 in	 the	 Ethiopian	 horses,	 we	
initially	 held	 group	 discussions	 across	 12	 towns.	 One-hundred	 and	 seventy	 participants	
were	asked	questions	about	breathing	problems	seen	in	their	horses,	and	what	they	might	
do	to	treat	or	prevent	such	disease.	They	also	made	suggestions	for	what	could	be	causing	
disease	 or	 practices	 that	 increased	 the	 risk	 of	 horses	 getting	 disease.	 The	 main	 ideas	
emerging	 from	 these	 discussions	 were	 that	 some	 disease	 could	 pass	 from	 one	 horse	 to	
another	 (communicable	 disease),	 and	 that	 some	 disease	 might	 occur	 due	 to	 poor	
management	or	certain	environmental	conditions.		
	
The	 next	 step	 was	 to	 examine	 a	 cross-section	 of	 horses	 from	 many	 locations,	 as	 a	
representative	 sample	of	what	disease	might	be	present	 in	 the	whole	population.	Three-
hundred	 and	 fifty	 horses	 were	 examined	 and	 their	 owner	 or	 driver	 interviewed.	 Horses	
often	had	antibodies	to	a	common	bacteria,	which	causes	strangles	disease	(Streptococcus	
equi	 subspecies	 equi)	 and	 that	 young	 horses	 were	 more	 likely	 to	 be	 affected.	 Antibody	
levels	 indicate	that	a	horse	has	been	infected	but	the	immune	system	responded	to	clear	
the	infection.	Antibody	levels	may	remain	high	for	some	time	afterward,	meaning	that	if	re-
infected	the	organism	would	be	cleared	quickly	by	the	immune	system	without	any	illness.	
	
Finally	we	did	a	full	examination	of	108	cases	of	horses	with	respiratory	disease	that	came	
to	the	clinic.	We	used	a	flexible	camera	(endoscope)	to	look	in	the	airways	from	the	nostril	
to	 the	 lungs.	 A	 sample	 of	mucus	 from	 the	 lower	 airways	was	 taken	 to	 look	 for	 signs	 of	
inflammation	and	any	infectious	viruses	or	bacteria.	These	case	horses	were	compared	to	a	
control	population	of	93	healthy	horses,	who	also	had	this	examination.	Case	horses	often	
had	 abnormal	 proportions	 of	 inflammatory	 cells	 in	 the	 lower	 airways,	 but	 some	 control	
horses	also	had	these	changes.	This	suggests	that	some	animals	may	have	mild	disease	in	
the	lungs	but	without	showing	obvious	symptoms.	Streptococcus	zooepidemicus,	a	type	of	
bacterium,	was	often	found	in	sick	horses	but	we	cannot	establish	if	this	bacterium	caused	
the	initial	disease	or	has	invaded	due	to	a	weakening	of	the	horses	defences	due	to	another	
problem.		
	
We	 found	 that	 young	 and	 old	 horses	were	more	 likely	 to	 be	 sick	 and	 that	 horses	 doing	
strenuous	exercise,	drinking	form	stagnant	water	or	having	a	cobbled	stable	floor	were	also	
at	higher	risk	of	being	sick.		 	


