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SUMMARY

The main part of this thesis describes the detailed pulmonary pathology
in 25 cases of naturally occurring chronic pulmonary disease in the horse
Further sections deal with a survey of alpha-1 antitrypsin levels in the horse,
the development of an experimental model of the disease and a study cf the

efiects of ascarids on the equine lung.

The main pathological lesion was bronchiolitis, a lesion ffeéting all
the small airways less than 2 mm in diameter and characterised py cpithelial
hyperplasia, goblet cell metaplasia, peribronchiolar cellular accumulations
and an exudate of mucus and cells in the lumen. Rather more than halt the
cases had pulmonary eosinophilia. Emphysema was confined to small areas
in the cranial lobe and periphery of the caudal lobe. 'The extent of emphysema

was assessed by inflating one lung from each case with fixative, siicing it

into thin slices and examining it under a microscope. The number angd
type of goblet cells in the bronchial epithelium of five normal horses were

compared with ten horses with CPD; there was no significant difference and

in addition there was no nyperpiasia cf the bronchial submucosal glands. 'Lhe
disease in the horse therefore bears no pathological resemblance to chronic
bronchitis and emphvsema of man. On the basis of these findings it is

proposed that the disease be known es chronic bronchijolitis.

Quantitative measurements of the number of pulmonary mast cells at
various sites in the lung showed that seven out of ten horses with CPD had
significantly increased numbers of mast cells in all parts of the lung except
peribronchially when compared to normal horses; the remaining three had
markedly decreased numbers except peribronchiaily. It was noct clear
whether the mast cells were part of an allergic reaction or merely markers

of inflammation.

Horses with CPD had similar alpha -1 antitrypsin values to normal horses.

A deficiency of this in man predisposes to the eariy development of emphysema.

An experimental model of chronic bronciiiolitis was produced in foals by

the oral administration of 3-methvl indole and an eosinophilic bronchitis and

o S —

bronchiolitis was produced by infecting foals with Parascaris egquorum larvae.
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GENERAL INTRODUCTICN

The main object of the work was to investigate in detail the pathclogy
of chronic pulmonary disease in the horse, This, as a clinical antity,nas
been recognised and described for many yeérs; it is believed that Aristotle
in 333 BC cave the first brief clinical description of the signs of disease which
he referred to as "heartache'., Since this time there have been numerous
clinical descriptions of the disease and some xather more limited attempts to
define the pathology. More recently lung function tests and tests of
allergy have been performed on affected subjects in an attempt to determine the
pathogenesis of disease. The available literature to date has been reviewed in

the first part of this thesis.

The project was a joint one complemeniary to a study at the Royal (Dick)
Scheool of Veterinary Studies, Edinburgh on the functional aspects of disease.

The main part of the thesis deals in some detail with the pathological findings

on 25 horses all with clinically diagnosed chronic pulmonary disease; about
half of these were referred from the group at Edinburgh and the remainder

obtained by myself.

Because the functional disability in the hcrse affected by CrD resembies
to some extent that seen in chronic bronch;itis and emphysema in man the |
disease in the horse has been likened te this pathologically. Chronic bronchitis
in man has been extensively investigated because of its high morbidity,
particularly amongst smokers; part of this investigation revolved around
investigating the mucosubstances of the tracheobronchial tract and the changes
that occur in the chronic bronchitic. These methods were applied to investigate
the mucosubstances in the equine tracheobronchial tree to see ii there was any

resemblance to the human disease.

The equine disease has also been attributed to allergy or hypersensitivity

to various environmental antigens. In order to ascertain whether there was

any pathological basis for this observation the mast cells in the equine tracheo-
bronchial tree were guantified in a aumber of normal horses and in 2 number
of the horses in the series with chrenic pulmonary disease. The mast cell,
with its content ot ﬁ*asoactive and bronchoconstrictive amines is one of the

cellular meadiators of an asthmatic attack.



As a result of the pathological findings a revised terminology for the

disease is suggested.

An inherited deficiency of serum alpha-1 antitrypsin is recognised in

man which predisposes aifected subjects to develop pulmonary emphysema.
It was thought that this might have some relevance to the disease in the horse
as it appears from clinical okservation that certain individuals are more
nrone to the development of the disease. To test this hypothesis a serological
survey of horses with no respiratory abnormality, horses with acute
respiratory disease and horses with chronic respiratory disease was carried

out and the results are presented in this thesis.

The natural disease in the horse does not lend itself readily tc
experimental study and a further section is devoted to the evaluation of an

experimental model of the natural disease,.

Finally, a study on the lungs of foals experimentally invected wit
Parascaris equorum is included. This induced an eosinophilic bronchitis and

bronchiolitis, an effect which is found to some degree in a number of the

natural cases.






’ - K A T - ! - 47%:”1..,;{?,:-#: .\“:‘T':‘ '
ITJPPGPH?’:’EI’K‘Q N7 ;. ot s LAl RS ;‘hf):{l:;“f J)EO-'%? "]r'* S FuTaVEeENric s
alk 3 \ . . g .
; F .

Hippsf, Youmut
as al{c 1 ow he r:,::mc ol
how to cure thedam

1 U ¥ e >t
rfiunderfend Sirghe frue natuy
Vg Omzzlyi;“:: Nors.

‘;},

 be *umfv waves and meanes

'

ﬂ*{}

""’“'ﬁ b o
r ‘?.

re -
!

LY 4
ol [
4l :
g

)

D

Ll ¢

.ﬁ'ﬂ ."'

whereby a Horle nuu-a omfm’ ﬁ%{"é thieffeand fher ofwin gi‘:?:and
every onc of them may beafeveraliditeale .,.;md [o requireadifiiac
remedy. But 1fyou~{*ﬂ anea fhortacfe of winde onzly, - then kaow
that many Horles are naturally eiicke winded, asbeing cack-tbrapled,
narrow Chawled, &¢. A.‘af 5 fhortnefle of winde miy come unto him
accidenta ly 25 when being 77 and over-faden with fe/b,or by being

too rank of bleud, orby 100 much giut and feu_iﬁmgifi;i the bedy then
is he fubjeé to thortneffe of breathand purfivencile; foas uponany
motion or exercife he wili fweat, pant,blow,and heave at the flasis

nd this commeth upon him by immodereic riding,eating, dnnking,
aad reft, And fuch hike exercife caufeth the ﬂcf; ofmi Horfe (zfi‘zsz

be putto any fudden motion o exerciie) co be {0 hard and firutred

) 1ol b Y%
ouz, as that he maft {o firuine his lesps, (ke bellomes of tiae beay) as to
caufc z difiocationin Jmmm means .ﬂafmif;@f they cannotexecule

4

“l.

: #oa I
cheir ofaze or funétion os they oughr; ana i “ears armfem ay be not

Ipezsdliv had, he willin Eém“i, iime be g:r&..,{z: il recovery; an

IR - . 13 Licontupon congos ibmr
is brousht tothat difeafe whichthe vulgar qce call brehen-miaded ;
: S ¥ »

D g A . J
wheretore to prevent i, adminifter unto him this enluing Cure.,
Lez il the hay he eateth, (ror fet hins cateadl ie deliret,for ! By,
Horfesare commonly greatfeeders) be fpringhied and moyiicaca
with water, which willaffre zoc his excefle of arinking, ane ver

!:‘1.,
O
- Y
£
-
¢
—
3
€D
o
L

€3 :
mnch ccola his bloxd, which cannotbut ke infamed
cv:.ry morning for foure or five dayes together, two cgges tice
twenty foure hourcasntbﬁﬁmnwcﬁ hite wine vingger you can
give him (1{ay) thefetwo cgges, and then the vmcgei after,
ride him {oftly an houre after: which done, fet him up warme,
three houres after, give him hay | {prin inckied with water, and atnivh
when you do give him his Qats. wetthem in Beere orgoo d .9 fe,and
let his drmﬁebewmtc Water, .8 Do... this ten dayes toge ]
that about the beginning of 204y, ¢nd zbout ,;ff,cfé,zi,m,,_,,hb I ?V & in
breath:and {o kap him to {pare dyet, but wich difcretion, % This
medicine will both purge him. aﬁd {cowre from him meoch fi.::ﬁme
and filth as well at #7¢/¢ as m2e222, and he w il1be both foun:'er znd in
better health 2 long time after: provided he be allo keptto moderate
exercife. Andit afmryou have thus drepichied an d dyeted him, yOou
doe not perceive his biowing and hiungaz tne fzémf... thildy Gsisks to
ceaie,then be youcouﬁdcm your Horle 13 paft all cure, oncI} {tili
moyﬂcnlmm at as belfore 1s*=n ricated, and he wzli hold our the
longer. < Anmhu Recert i have for the fdl“"lf:"i nalady, which if he

be not ptzi cure, will in?dll!b‘y dpc him much goad,walch is this,
vVIZ, |

&~y
oe sl ELY B T
vy O

‘e

fa
-
Q. W3



CHAPTER ONE

REVIEW OF THE LITERATURE
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INTRODUCTION

In 333 BC in "The History of Animais™ Aristotle described a2 disease
of horses that he called "heartache"” which was incurable and characterised
clinically by a drawmg in of the flank (Smith 1924), It seems probable that
he was describing what has since become kncwn as broken wind, heaves or
chronic alveolar emphysema, a chronic pulmenary disease of all types ot
adult horse having an almost world-wide distributicn. Siuce the time of
Aristotle much has been written on the disease and many speculations and
hypotheses have been voiced as to its pathogenesis based, in large part,upon
anecdote, legend, inaccurate comparison to human disease and infreQuent,

inadequate pathological investigation.

A review of the literature on the subject reveals several major defects
and omissions. Publications describe detailed clinical signs with no pathological
detail or have detailed pathology with little or no clinical description.

Experimental work is often accompanied by completely inadequate description

of the animals involved. Alternatively, in an attempt to correlate the aisease

with one that occcurs in man important differences have been ignored.

Thurlbeck and Lowell (1964) and Foley and Lowell (1966) are the only
authors in recent years to have published the clinical iindings in a rcﬁup of
?ﬁ%\ﬂ\ﬂ'ﬁ\{m
horses with chronic pulmonary disease along with detailed . . . {findings.

Their scries comprised 1l animals only.

In the British literature there is only one pathological description of the
disease this century (Cook and Rossdale 1963) and this is of two horses only.
The disease is a common problem in Britain with an incidence comparable to
that of laryngeal hemiplegia (Anon 1965) but very little work has been published

on it since the turn of the century.

OCCURRENCE

During the years that working horses were much more numerous and

‘economically important than they are today, chronic pulmonary disease (CPD)
was a frequent and weil recognised cause of disableinent or death, especially

in heavy draughit horses. This was reflected in the British veterinary literature
about the turnof the century - these were reviewed by Smith (1924) with the

decline in the number of working horses, the disease was almost totally



negiected by British writers and the only factual record of its moedern incidence

Faed $

is included in the results of a British Equine Veterinary Association survey
1962-1963 in which 134 of 43,538 (0.3 per cent.) diseased horses examined
by veterinary surgeons in that yvear were said to be suffering from "emphvsema’

(Anon 1965). About the same number were affected by laryngeal hemiplegia,

Morgan (1940) considered the disease to be less common in Britain than
formerly and attributed this apparent decline to current methods of drying
and storing hay, which largely avoided moulding. In our survey we iound
cases frequently and without difficulty: this would indicate that the disease

is still a common problem.

Alexander (1959) claimed that the incidence of disea,se had decreased
markedly in the United States of America during the previous two decades
and was thus only rarely encountered - the evidence to support this was not
provided. Animais over eight vears of age were usually'involved,, both 3exes
were equally affected and only stabled horses or those given hav contracted

" the disease. Udall(1954) on the other hand, claimed that disease had bacome
prevalent in most parts of the U,5.A. following the introduction of timothy,

red clover, alfalfa and other cultivated grasses. Before this, Michigan and

California had apparently been free of CPE¥, In his clinic nearly all the cases

were over eight years of age, were in draught animals and disease was

associated with stabling and hay-feeding.

Switzerland is the only country in which comprehensive surveys nave

been made of the prevalence of disease. Hug (1937) found that of the 88, 367

cases seen in five yeafs at his clinic in Zurich 1.42 per cent. had CPD, but

he thought that the overall prevalence in the country was nearer 3 per cenf.

Most of the cases were at least ten or twelve years old when first referred
to him, Gerber (1969) gave more recent information on the gituation aqd‘
concluded that CPD was by far the most common cause of premature loss
rough disease. The disease was usually first noticed at seven or eight
years of age but there was no mention of any sex or work predisposition:

268 cases were examined in his survey. It should be noted that many of his

cases were drawn from a local army remount station so it would be dangerous

to draw any general conclusions from his survey.

Some figures are also available from Sweden, where horses may be



insured against the disease. In 1939, 46( herses were indemnified but only

21 in 1943 (Alstrom and Lauritzson 1953). The explanation icr the two widely-
differing figures was that 1938 was a very wet summer in which bad nay was
made whereas 1942 was a very hot, dry summer after which good hay was
available; this observation lent support to the view that the disease had an
association with the feeding of mouldy hay. Unfortunately no indication was
given of the total numberinsured or the proportion of the total horse ponulation

this represented.

TYPE OF ANIMAL AFFECTED

Several authors have made observations on the type of horse generally

affected.

Cook and Rossdale (1963) stated that the disease was rare in 3riti.sh.
racehorses. Cook (1965) observed that nonies were especially likely to develop
the condition because they were often stabled during the summer and fed poor
quality hay to avoid contracting laminitis and sweet itch. Hunters were also
susceptible because they were stabled for long periods and show horses because
they were stabled during the summer whica is the dustiest part of the year.
Carlstrom and Alegren (1940C) found that in Sweden the heavier breeds were
often affected whereas thoroughbreds and Northern Swedish horses were

rarely affected. Hug (1937) also stated that Swiss thoroughbreds were more

resistant to bronchitis, "catarrh” and hence CPD than other breeds but this

was later questioned by Amman (1959), werking from the same clinic,
EPIDEMIOLOGY

CPD almost always affects individeal animals although endemics have

been reported from time to time. Moxgan (1940) described one farim,where

large numbers of horses were stabled throughout the winter,on which it was
apparently rare to find a horse over the age of five years free of respiratory
disease., More recently Mansmann and others (1975) described an endemic
respiratory disease affecting several individuals in a group of 35 horses which
were housed with chickens; skin and aerosol provocation tests indicated that

this was a form of extrinsic allergic alveolitis toc avian proteins.

It is often stated that CPD is a disease of civilisaticit and is only seen

in horses which are stabled or given hay ior part or all of their lives
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(Udall 1954; Alexander 1959; Cook and Rossdale 1563; Gerber i1573). Morgan

(1940) said that the disease was unknovm in Venezuela where horses are not

stabled; Udall (1954) that it was rare in Spain and Portugal and unknown in
California and other warm, dry states of the USA before they were widely
cultivated. Moreover disease is said to bé associated with the feeding of
poor quality or mouldy hay, Insurance settlements in Sweden and Switzerland
were found to increase following 2 wet harvest (Alstrom and Lauritzson 1923;

Udall 1954).

Atmospheric factors are said to play a role in exacerbations of the
disease. Poor hygiene leading to a bujld-up of ammonia in the atmosphere

(Hug 1937; Carlstrém and Alegren 1940), damp or cold (Carlstrdm and Alegren

1940) or the Fbhn, a seascnal warm wind in Switzerland (Amma 1929) are

among the factors which have been implicated.

The role of intercurrent contagious respiratory disease in the epidemiology
of CPD is not ciear and there have been no specific studies to identify the viral
or bacterial pathogens which might be invclved although Gerber (1973) found
that 126 of his series of 268 horses (47 per cent.) had had earlier signs of an
influenza-like condition. He also ncticed that his clinic in Berne had many
more referrals for CPD following the 1565 pandemic of equine influenza.
Gillespie and Tyler (1969) stated tnat cclds, pneumon'ia, bronchitis and
influenza were not infrequently part of the previous history of CPD cases.

If these are important factors it is pernaps surprising that the racenorse

population has a very low prevalence of CPD (Mahaffeyl%Z; Cook and Rossdale

1963) since this is the section of the horse nopulation most susceptible to viral

respiratory infections.

By deiinition CPD is a chronic disease with a variably progressive course

tvpically punctuated by remissicns and exacerbations which are largely

3

influenced by the individual management of the case., It does not seem to be a

direct cause of death in the present day but there is evidence that it causec the

deaths of many working horses in earlier times,
CLINICAL SIGNS

Equine respiratory diseases have for many vears been divided into two
main categories - acute and chronic. However, whilst the acute forms such

as specific viral and bacterial infections. have been well-classified and
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characterised the chronic respiratory diseases, apart frem specific

entities like laryngeal hemiplegia, have been grouped under vague non-

specific terms such as broken wind or heaves.

Only in recent years have any real attempts been made to divide CPD
into distinct categories (Gerber 1973; McPherson and Lawson 1974). Previous
to this most descriptions of CPFD were substantially alike and did not take
intb account minor variations from the essential clinical picture of expiratory

dyspnoea, cough, exercise intolerance and a chronic course.

Since 1853 when Percivéll wrote on the subject it has been acknowledged
that not all horses with CPD have emphysema. Despite this, however, many
authors continued to call the disease 'chronic alveolar emphysema’ (Carlstrom
and Alegren 1940; Alexander 1959; Gillespie and Tyler 1969). In an attempt
to distinguish between horses with overinfiation of the lungs and those without,
Cook (1965) and later Sasse {1971,)_ and Gerber (1973) described methods of
percussing the horse's chest to determine the position of the posterior borcer
of the lung, a technique earlier described by Carlstrém and Alegren (1940)
who had used it to demonstrate the therapeutic effects of atropine on horses
with CPD. More recently though, Cook (1976) has retracted this and now
claims that the method is not sufficiently accurate. Gerber (1973) also noted
that the presence or absence of overinflation detected by percussion bore littie

relationship to the morphological findings oi emphysema at post-mortem.

However, in the course of the clinical investigation of his cases of CFD he
administered corticosteroids to the horses and on the basis of the subsequent
response he claimed to be able to detect alveolar emphysema. If the lung
percussion field failed to decrease following medication this was said to
indicate emphysema. Emphysema is by definition, the destruction and ioss
of interalveolar septa and is a permanent change. It is now recognised that
the accurate clinical detection of emphysema is impossible (Thurlbeck 1976)

so all these reports must be treated with caution.

Two forms of the disease were commonly described:!. an acute onset
of respiratory distress which later subsided but usually recurred at intervals,
and 2. the usual chronic form with a slow onset of signs and little remission
(Carlstrdm and Alegren 1940; Udall 1954; Mahaffey 1902; Cook and Rossdale

1963; Gerber 1973). The acute form often progressed to become chronic



(Carlstrom and Alegren 1940; Cook and Rossdale 1663). The acute form,
according to Cook and Rossdale (1963) was most often seen in thoroughbred
brood mares during the summer months when they were brought iu to be

stabled for the night. Cook and Rossdale (1963) and Gerber (1972) likened

these attacks to asthma in man. Lowell (1964) investigated six horgés all

with CPD and found that he could induce acute attacks by exposing the affected
horses to hay, the horses having previously been kept on a hay-free diet.
During the course of this presént study various horses atfected with CPD were
exposed to mouldy hay and acute attacks were induced in some of these animals,
Further details are given in the clinical section, The distinction between the

two clinical forms of the disease may not be as clear as is supposed.

The cough was the most distinctive clinical sign of the disease. Most
authors describecd a cough said to be typical of CPD., 'This was a short, dry,
hollow, nonproductive cough (Alexander 1939; Mahaffey 1962; Muylle and
Ovyaert 1973) or short and feeble (Fitzwygram!90l). Cook (1965) however said
that many types of cough were heard by him in horses with CPD. All writers
on the subject agreed that it was rare to find a horse with CPD that did not

have a cough,

The pattern of expiration was also said to be characteristic of CPD; it
was biphasic comprising an initial passive phase followed by a secondary acute
contraction of the abdominal muscle to expel the residual air (Amman 1939;
Udall 1954; Alexander 1959; Mahaifey 196z; Cookr 1965; Gillespie and Tyler
1969). In advanced cases this le.d to the development of a "heaves line" along
the costal arch (Amman 1939; Alexander 1959) caused by hypertrophy of the
musculature {Alexander 1959). A "barrelchested” appearance was noticed in
very advanced cases (Cook and Rossdale 1963; Gillespie and Tvler 1969) and
the rectum and vagina prolapsed slightly during coughing or the second phase
of expiration (Mahaffey 1962; Cook and Rossdale 1963; Gillespie and Tyler
1969). |

Reports of auscultation of the chests of horses with CPD are difficult to
interpret because what is heard and how it is interpreted is essentially
‘subjective., The American College cf Chest Physicians (ACCP) recently
published their reccmmendations on thé uses of pulmenary terms and symbols

in at attempt to standardise some of the discrepancies occurring in human



medicine (ACCP 1975}, Two terms widely used to describe the chest sounds
are "wheeze and "rhonchus’”. The ACCP recommend that "wheeze" should
be replaced by "rhonchus” in most cases and that "rhonchus™ be used as a
term to describe a short, interrupted, ‘eXploded sound (crackle)a None of the
papers on CPD attempted to define the soundé heard hut the consensus of opinion
was that adventitious lung sounds and increased breathing sounds were &
constant feature of disease., "Wheezing', with or without the aid of a
stethoswpe-, was heard by Cook and Rossdale (1963), Cook (1965), Gerber
(1973) and Sasse (1971); " crepitations’ on expiration by McPherson and
Lawson (1974) and Cook (1976); rhonchi and rales by Carlstrbm and Alegren
(1940), Cook and Rossdale (1963) and McPherson and Lawson (1974); ''crackles”
by Cook (1965) and McPherson and Lawson (1974) and “creaks” by Cook (1965).
The sounds heard in one individuai varied from day to dav {Muvlle and Ovaexrt
1973) and although undoubtedly a wide variety of chest sounds are recognised
in diseased horses the ACCP committee are of the opinion that little is .gained

from subclassification of the sounds auscultated.

A nasal discharge was a common feature of the disease (Udall 1954;
Cook and Rossdale 1963; Muylle and Oyaert 1973; McPherson and lawson
1974; Cook 1976). The nature of the discharge varied from clear serous to
mucopurulent (Cook 1976). Cook also l‘epbrted a2 "'clicking” sound from the larvnx
in certain cases which may have been caused by an abnormal adduction of the

larynx. This may be what Udall (1954) refers to as a "'rattling in the head'.

The respiratory embarrassment caused the nhorse to become exercise
intolerant and it was often at this stage that a veterinary surgeon was iirst
consulted. Depending on the purpose for which the horse was kept this may have

been apparent at an early or late stage of disease.

Flatulence was a clinical sign ot horses with CPD that has been consist-
ently mentioned since the symptoms of disease were first described
(Fitzwygran 1901; Udall 1954; Alexander 1959). The precise reason for this
wa s not clear but certainly contributed to the belief for many years that poor
diet was the main cause of CPD. However most horses with CPD maintained
their body weight and some even became fat because the appetite was increased

- (Cook and Rossdale 1963). Cachexia haé been reported but only in advanced

cases (Udall 1954; Alexander 1959; Gillespie and Tyler 1969).



RESPIRATORY FUNCTION

Several detailed studies of lung function in normal horses and in horses
with CYD have been reported in recent yvears (Gillespie, Tyler and Eberly

1966; Sasse 1971; Muylle and Ovyaert 1973; Bergsten 1974; McPherson and

others 1978 ) but the results must be interpreted with care because the
pulmonary lesions in the various series were not identical and difierent
apparatus was used. Gillespie, Tyler and Eberly (1966) utilised horses with
marked clinical signs of CPD and post-mortem examination revealed
"extensive emphysema’ in seven of 15 animals. Sasse (1971) used a large
series of horses with varying grades of exercise intoleraunce and bronchiolitis
was the main pathological finding in a limited ﬁumber necropsied. Mauylle
and Ojraert (1973) examined 15 horses with CPD but none were sacrificed at
the end of the experiment to determine the undeﬂying pathology. Bergsten
(1974) looked at 12 hiorses with symptoms of "chronic alveolar emphysema’”

- the diagnosis being confirmed on four at necropsy. McPherson and others
(1978) examined a total of 100 hors+es and pouies 38 of which had chronic
pulmonary disease clinically, the diagHOSiS being confirmed pathologically on

half of these.

A1l the authors except Bergsten (1974) used a pneumotachcgraph of
Lvarying construction Wﬁich was attached via cannulae to a mask over the
horse's face. To measure intrapleural pressure either a cannula was inserted
surgically into the horse'sthoracic cavity Sasse 1971; Muylle and Oyaert 1973)
or an intraesophogeal balloon was used (Gillespie, T yier and Eberly 1966;
McPherson and others 1978). Sasse {1971), Bergsten (1974) and McPherson

and others (1978) also measured the partial pressure of arterial oxygen (PaO9),

haemoglobin concentration and pH of arterial blood.

All groups found a marked increase in the change of intrapleural
pressure during the breathing cycle which indicated increased respiratory
resistance and thus more viscous work was done during respiration. It was
proposed that this increased work was responsible, at least ir part, for the
exercise intclerance exhibited by horses with CPD. Sasse (1¢71) found that both
inspiratoryv and expiratory work values were increased; Muylie and Ovyaert
(1973) that inspiratory work was equal to or osreater than expiratory work;

Gillespie and Tyler (1969) that the expiratory work was increased,
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Gillespie and Tyler (1969), Sasse (1§71) Bergsten (1974) and
McPherson and others (1978) all measured a consistently lowered PaO9 in
afiected horses. However Sasse (1971) found that the haemagiobin concentration
ci arterial peripheral blood was Wit‘hin'normal limits so that there was no
hypoxaemia of peripheral tiSsues and attributed the lack of stamina entirely
to the extra work required for breathing. Gillespie, Tyler and Eberly (1954)
measured the blood pH of horses with CPD,after exercise and found that it
dropped markedly as compared to that of horses with no respiratory -
abnormality. bSasse (1971) repeated this experiment but in his case the same
did not hold true and pointed out that most of the Gillespie study resuits
revealed a higiner pH than was normally found. Bergsten (1974) found pulmonary

hypertension in all the diseased horses indicating an increase in pulmonar
YD 8 [ y

vasculiar resistance.

From the data presented in these papers it is clear that pulmonary
function tests are of considerablie value in assessing cases of CFD, The
measurements most likely to be of use are PaO9, £\ Ppl, inspiratory

viscous wotk and expiratory viscous work. It must be understood that these

measurements give no indication of the underlying pathological process,
HAEMATOLOGY

Consistent significant overall changes in the packed cell volume (FCV),

mean corpuscular volume (MCV) and differential white blood cell count (WBC) .

have not been found in horses with CPD,

Gerber (1969) found a significantly increased PCV in only 18 cases
representing 3.4 per cent. of the total. He did, however, find significantly

increased MCVs overall, a mean of 51.8 compared to 47.3 in normal horses.

Sasse (1971) did not find any changes from normal in the PCV or
haemaglobin content of any of his horses at rest. After 30 minutes work the
PCV rose higher than that of comparable normal horses but after 60 minutes
work the value dropped cnce more to normal. No explanation for this was

provided.



in contrast to the results mentioned above Gillespie and lyler
(1969) said that elevated PCVs were a fairly common finding in horses with
CPD. Haemoglobin content and MCV were not mentioned. They found a mean
PCV of 37.0 in "emphysematous' horses as compared to 32.5 in normal horses
but as Gerber (1973) has indicated 32.°5 is a vefy low PCV for a normal horece

and this casts some doubt on the validity of their resulis.

Gerber (1973) found a fairlv high WBC count in most of his cases but
gave no figures to illustrate this. Gillespie and Tyler (1969) failea to find
increased numbers of white blood cells in their cases. This may reflecta

difference in the underlying pathology of their cases.

Schatzmann (1970) working with Gerber found a ¢ g‘nificantl}r higher
number of peripheral blood eosinophils in horses with "asthmoid broachiolitis”
than jn a group of horses with "non-asthmoid bronchiclitis"” but again no
ficures were given to support this observation. However, as Gerber (1973)
pointea cut the eosinophil count does not help much in evaluating a horse’s
~ condition since individual variations are marked, fluctuations occur from day tc
day and eosinophilia is influenced by other factors such as paraskic iniestation.
Lowell (1964) observed six horses with CPD over a period of fifteen months,

duricg which time he induced acute attacks of "heaves™ by feeding hay inter-
mittently. He found that during an acute attack the number of eosinophiis

dropped and then rose dramatically above the normal level once the attack

subsided.

SEROLOGY

Farmer'slung and allergic bronchc pulmonary aspergillosis are both

examples of diseases caused by exposure to bacterial or fungal antigens in
which an important diagnostic aid is the presence of precipitins to the
relevant antigen in the patient’s serum. Pepys and Jenkins (1965) found that
182 of a total of 205 patients (89 per cent.) with farmers lung had precipitins
to Miciopolyspora faeni a common contaminant of poor hay, whereas none
of the 134 sera from urban patients had precipitins. Twentyeight clinically
normal farmers, 61 farmers with asthrﬁa and bronchitis and 33 farmers with
other chronic lung diseases were alsc t_ésted. Nine (32 per cent.), 21 (34 per
cent.)and 13 (39 per cent.) respective]:y gave positive reactions to M. faeni.

Significant numbeérs of farmers sera gave precipitins to other hay antigens
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such as M. vulgaris, Aspergillus fumicatus and mouldy hay extracts. Control

sera, from a variety of sources, failed tc react., Hapke and others (1968)
found that 11 patients with acute farmers lung and 18 of 34 with chronic farmers

iung had precipitins to M, faeni; iive of 42 co-workers of the acute group

(i.e. exposed to the same hay) also had precipitins although none had disease

clinically. Sera from 355 normal subjects not exposed to hay did not react,

Precipitins to M. faeni in animals were first reported by Jenkins and
Pepys (1965) who found that in hay-fed cattle the incidence was higher in those
with respiratory disease than in clinically normal animals. However the
presence of precipitins alone cannot be taken as evidence that the animal has
clinical signs or pulmonary lesions like those of farmers lung. Wiseman
and others (1973) found that in a herd of 54 cattle extensively affected with

chronic respiratory disease 45 had precipitins to M. faeni (83 per cent. )

and necropsy cf 3 animals revealed pulmonary lesions of farmers

lung. Pirvie and others (1972) found an incidence of precipitins of 7¢ per cent.
" in another herdwith no clinical evidence or history of chronic pulmonary
diseage. In cattle, and probably all other species that are regularly exposed
to hay the detection of precipitins can only be taken as an indicaticn of

exposure to the relevant antigens and not of the presence of clinical disease.

. CPD in horses has been anecdotedly associated with the feeding of
mouldy ox duSty hay for many years (Percivall 1853; Fitzwygram 1901). Acute
attacks of "heaves" were induced by intermittent feeding of hay and by
exposure to aerosolised hay antigens (Lowell 1964). Therefore a search for
precipitins in the serum of affected horses was a logical step. Unfortunately
only a limited amount of information on this has been published on the horse:
the most obvious deficit being that no large-scale survey of clinically normal
horses has been undertaken. Without this it is impossible to assess the

significance of the presence of precipitins in horses with pulmonary disease.

Schatzmann and Gerber (1972) looked at the sera of 40 cases of CPD
and found that four {(ten per cent) had precipitins to M, faeni, ncne had

precipitins to A. fumigatus, Penicillium casei or hay antigens. A later study

of eight cases of CPD in which the pulmonary lesions resembled those of
farmers lung revealed that all four cases in which sera was available had

precipitins to M. faeni (Pauli, Liiginbuhl and Gerber 1971).



Mansmann and others (1975} investigated two cases of suspected
chicken hypersensitivity preumoniris aad found that both had precipitins
to chicken serum protein and two of 13 horses kept in the same environment

but with no clinical signs, also nad a low titre of antibody.

Eyre (1972) demonstrated the presence of reaginic skin sensitising
antibodies to a number of very different antigens in the sera of eignt horses
with CPD by means of the passive cutaneous anaphylaxis (PCA) test. 'This

is discussed in more detail below.
SKIN TES'TS

Direct intradermal or scratch provocation tests to demonstrate
hypersensitivity to various environmental antigens have been used in mecicine
for many years and detection of reaginic antibodies by passive cutaneous

anaphylaxis is an established technique in the rat and other experimental

animals. Both these tests can be used as indicators of the presence of

hypersensitivity mechanisms although some care must be taken in interpret-

“ation since other organs, including the lung, are also sensitised.,

Picrie and others (1971) and Wiseman and others (1973 )used the intradermeai
skin test ia cattle to detect sensitisation to M. faeni antigens. Skin swellings
developed in animals that had been exposed to mouldy hay reaching a maximumn
size after four to six hours; histopathological examination at this time revealed

intradermal lesions compatible with those found in type III (Arthus) hyper-

sensitivity reactions. The skin reactions slowly declined over the next 72
hours. Intradermal skin swellings did not develop in control animals that had
not been exposed to mouldy hay and that did not have serological precipitins

to M. faeni. The association of precipitins in serum and positive cutaneous

reactions in allergic pulmonary disease in cattle has drawn attention to tae
need for similar studies in the horse. Unfortunately very little information
is available about the prevalence of potentially significant precipitins or skin

reaginic antibodies in horses with CPD.

Lowell (1964) was the first to investigate skin hypersensitivify in horses
with CPD. The test series consisted of six horses with clinically diagnesed
CPD although the diagnosis was not conf_irmeﬂ at necropsy,and six clinically
normal. “hcrses. Commercially availéble extracts of birch, oak, plantain,

timothy and ragweed pollen, house dust extracts, hay dust extract and three



moulids - Penicillium, Alternaria and Hormodendrum species were used as

antigens. None of the horses reacted to the polien extracts. All the horses
had intradermal swellings at the sites of injection of hay dust and house dust

extract : these consisted of raised oedematous swellings which reached

maximum size after three to four hours and persisted {for five to six hours.

Similar reactions were obtained with the mould extracts but on the whole
these were less intense. All animals reacted to at least one of the moulds
and five animals reacted to all three. There was no significant difference in
sensitivity between the two groups of horses and Lowell concluded that all
stabled and hay-fed horses became skin-reactive to various allergenic

componerits in their environment.

Schatzmann (1970) carried out an extensive series of scratch provocation

tests on a group of 30 horses nine cf which had a chronic cough possibly of

"allergic’ origin, 12 had. a cough which was not thought to be "allergic” and
nine animals with no respiratory abnormality acted as a centrol. Thirteen
commerciallv available antigens were used - : moulds (species not specified)
shrub, tree and grass pollens, hay, straw, corn and house dust, oats, bariey
and maize, horse squama and hair and streptoceccci of Lancefield’'s group C,
0.02 - 0.0 m1 of antigen was injected and the response was considered
pogitive if the diameter of the resultant wheal was greater than 3 mm after

i5 minutes; negative reactions left no skin swelling aiter this time.
Appareatly the reactions were not checked after four hours for the presence
cf a type III reaction. The results obtained were equivocal much és Lowell
(1964) had found in his series. Schatzmann concluded that most norses were
in a state of ""latent allergy" and commonly became sensitised to pariey,
maize and oats. Lowell (1964) had also found that a high percentage cf norses

were sensitised to feed components,

Eyre (1972) performed skin tests on 15 horses clinicaily diagnesed as

having CPD and on 10 clinically normal horses. One of the 15 was subsequently

found to have a neoplastic lesion of the vocal chord so was not a case of CPD -

but was included in the results as a case of CPD, The diagnosis of CPD in

three of the remaining 14 was confirmed at necropsy. The intradermal sKin

tests involved iniection of 0.1 ml of commerciaily available antigens including
.

mixed weed pollens, mixed grass pollens, mixed tree-flower pollens, mixec

moulds, mixed dust and mixed ragweed pollens. Extracts of single fungal
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antigens - A, fumigatus, A. niger, Penicillium notatum, Alternaria and

Hormodendrum were also used. The response was measured 30 and 60

minutes after injection when it was said to be maximal and again at 120
minutes when it was subsiding (the responseat iour hours was not measured;
Lowell (1964) found that the reaction was greatest at this time). None of the
horses with CPD reacted to weed or tree pollen, one reactad to grass polien
a nd two gave mild reactions tc ragweed. Only one of the ten controls had a
very mild reaction to ragweed. All 15 horses with CPD reacted to either
mixed or single fungi and six of the ten controls also reacted. Eyre concluded
from this that the intradermal allergen or skin test in the horse gave a
consistently reproducible reaction in the diagnosis of allergic respiratory
disease as in man. However close scrutiny of his published results does
not support this assertion. The control group of ten horses was not matcied
for age with the CPD group and contained several young horses less than six
vears of age; CPD does not occur in horses less than six or seven years old
(Cook and Rossdale 1963). Nine of ten diseased horses reacted to A. fumigatus
and this was said to be significant because only one control horse reacted.

In fact only three of the controls were actually tested and two of these were

three yeaxr olds. Only one control horse was tested with the full range of

antigens.

Eyre (1972) also examined Prausnitz-Kustmer (P-K) and Schultz-Dale
(S-D) responses in CPD horses but the results obtained were difficult to

interpiet and the published tables show several inconsistencies.
PATHOLOGY

Mos:t textbooks of veterinary pathology (Udali 1954; Nieberle and Conrs
1966; Smith and Jones 1966; Jubb and Kennedy 1973) and many scientific papers
(e.o. Amman 1939; Alexander 1959; Cook and Rossdale 1963; Gillespie and
Tyler 1969) contain general descriptions of what was said to be the classical
appearance of lungs from cases of CPD at necropsy namely: pallor, failure to
collapse on opening the thoracic cavity, increased volume, pitting of the
surface on pressure and retention of the rib imprints on the pleural surface.
These changes were attributed to emphysema, which was assumed to be
secondary to bronchitis and bronchiolitis in a proportion of cases. 'Ihe

association of emphysema with CPD was probably first made by Iloyer (1717)



but it has been recognised since the middle of the nineteenth century that

not all horses that were "broken in their wind" had emphysema (Gloag 1831).

Indeed Malkmus (1913) provided a definition of "heaves' that both acknowledged

this variation and recognised that the clinical syndrome could be due to a

number of pathological syndromes: "a chronic, incurable disease of the lun
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or of the heart, characterised by difficult and laborious respiration. '1his
definition is forensic in its sense and includes a number of chronic incurable
disecases of the lungs and the heart that are attended by difficult respiration.

Therefore, in order to allow differentiation between several possibly similar

conditions the patheclogy of CPD cases must be described more accurately.

It is essential to move away from the general to the particular to find out,

for exampie, what lesions other than emphysema arepresent and how ireguently

they occur. Unfortunately, very few of the recent reports of CPD contain
sufficient detail to ailow this analysis; some do not even record the number
of aniinals examined (Hug 1937; Gillespie and Tyler 1969; Goldschmidt 1974).
The oniy authors to describe lesions in a specified number of individuals were
Stdmmer (1887); Cook and Rossdale (1963); Thurlbeck and Lowell (1964);
Foley and Lowell (1966); McLaughlin and Edwards (1966); Sasse (1971} and
Gerber (1973). The total number of animals examined was only 76 (haif by

Sasse 1971). Gerber (1973) did state that 52 of the 300 cases were necropsied

but the histopathology was described briefly in only 14.

Stbmmer (1887) looked at nine cases of CPD and found bronchitis in two

only, Bespite this he compared the disease to bronchitis and emphysema of

man. He also claimed to find emphysema at necropsy but the extent and type

of thizs was not discussed.

Cook and Rossdale (1963) examined the lungs of two cases of so-cailed
"functional emphysema''. Macroscopically the lungs -showed no ceviation
from ncrmal i.e. no macroscopic evidence of emphysema. Microscopically
there was bronchiolitis, peribronchiolar infiltration and a marked increase
in the mucosecretory cells of the bronchioles. In their description they
confused the terms bronchus and bronchiole. ‘lThe text refers to bronchi but
the illustration is a bronchiole. It is vitally important to lccalise accurately

the site of the lesion and this confusion of terminology should not arise.
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Thurlbeck and Lowell (1964) and Foléy and Lowell (1966) found
emphysema to  a trivial degree in only one of a series of 1l horses with
CPD; the major finding in the remaining ten was bronchiolitis. 'The one
horse with emphysema was said to have centrilebular emphysema aifecting

mainly the cranijal lobe and only up to ten per cent. of the caudai lobe.

McLsughlin and Edwards (1966) iooked at the lungs of two horses with
CPD; one of these was an apical lobe bicpsy. In addition they examined
seven lungs from human patients with emphysema. They concluded that
emphysema in man was indistinguishable from that of the horse: amongst
the lesions said to be present in the equine lungs were panlobular and bulious
emphysema, ectasia, atrophyv and loss of distal airways, and diminution of

the capiliary bed.

Gillespie and Tyler (1969) apparently found emphysema in all the cases
they examinred. Affected lungs deflated irregularly and had rounded edges.
Often the entire lung was involved but more irequently the most marked lesions
‘were in the cranial Icbes. Various degrees of bronchitis were seen but were
not consistently present. They used thick sections of lung to study the extent
of emphyvsema but did not quantify this. The emphysema was usually pan-
lobular, sometimes centrilobular; there was a severe loss of tiséue and a
diffuse enlargement of nearly all the air-spaces but lesions as severe as
found in man with emphysema were not found.' Microscopically the bronchial
and bronchiolar mucosa were often thickened and hyperplastic but this was not
a consistent finding. The bronchial submucosal layer was sometimes thickened
and peribronchial scarring was occasionally seen. Using the electron
microscope they attempted to quantify the differences between normal and
emphysematous lungs (Gillespie and Tyler 1967). Emphysematous septa had
fewer capillaries, endothelial cellé and red blood cells than nocrmal lungs.
For example, normal lungs had 252.4 capillaries, 37.4 endothelial cells and
348.4 red blood cells per centimetre of alveolar wall and the corresponding
ficures for the emphysematous lungs were 161.8, 57.3 and 242.6. Emphy-
sematous septa had 26.5 pores per centimetre of alveolar wall whereas
normals had 17.4 . There wasun increase in type 2 pneumocytes and "inter-
stitial” cells in diseased lungs. The alveolsr septa were wider than normal
aﬁd contained more collagen especially around the capillaries. Occasionally

the septa were very thin in which case they consisted of attenuated epithelium



and collagen fibres with no intervening capillaries. It is however difficult

to place much significance on their resuits as it is only possible to examine
. " . C . .

very small pieces ot tissue with the electon microscope and the vieces of

tissue selected were from the most anterior part of the cranial lobe; this

area oiten shows emphysematous change in horses with CPD (see chanter 3)

but is by no means representative of the whole lung. The author's main

purpose in this study was to elucidate the pathogenesis of emphysema not

to describe the pathology.

Sasse (1971) performed respiratory function tests on a large number
of horses and 38 diagnosed clinically as CPD became available for necropsy.
Twelve had interstitial pneumecenia and 26 had what he termed "(chronic) (peri)
bronchi (oli)tis". Nine of these had bronchiolitis orilly and 20 had emphysema

which was extensive in 16. Less common {indings were: three cases of

pulmonary fibrosis, increased collagendeposition in two and one case each

of hyperplasia of bronchiolar and bronchjal mucosa, thickening cf alveolar
walls, calcification of the lung and a case that resembled adenomatosis of
sheep. Alveolar emphysema without '(peri) bronchi (oli) tis-"was 110t found.
Unfortunately he did not expand at any length on his necropsy findings but -
they do illustrate the fact that a variety of pathological changes may be
present in hoises that have similar clinical signs.

Gerber (1973) examined 52 of his 270 cases at necropsy. Twenty one
of these were said to have a panlebular or bullous emphysema but again the
distribution and extent of this was not discussed. All the cases had a moderate
bronchiolitis and there was a ''diffuse"” bronchitis in some cases. Pulmonary
eosinophilic infiltration was found in a third of the cases but the nature oi this
was not described. Fourteen of the 52 cases were examined in detail., Three
had hyperplasia of the "bronchiolar mucous glands™; there are no submucosal

glands in the bronchioles so the meaning of this is not clear. Six had hyper-

plasia of smooth muscle and seven had vasculitis. Gerber (1973) took this to
indicate that the lesions were similar to those in numan asthma. The basis
for this will be discussed later. Two of the cases had pathological changes
similar to those seen in farmers lung of man and cattle (Pepys 1969; Pirie
and others 11971) : bronchiclitis obliterans, cellular infiltration of alveolar
septa and epithelial granulomata. A later paper from the s;aﬁle oroup

described eight such cases (Pauli, Luginbuhl and Gerber 1971). So far, this



particular form of CPD has not been recognised in any country other than

Switzerland.

It should be clear from this review of the pathological reports to date
that there are several major omissions and defects in the work. Firstly
in terms of actual numbers very few cases have actually been examined,
secondly few reports contain any detail of the findiogs and thirdly there has
been no attempt to quantify or even describe the extent of each pathological

change, this is particularly important in considering the extent of emnphysema.

BACTERIOLOGY

The tracheobronchial mucus in normal animals and man is usually

sterile (Brown and others 1954; Brumfitt, Willoughby and Bromiey 19570,

The mucus from cases of CPD is widely believed to be sterile (Roost 1950)
put in fact very little microbiological work has been done on these cases.
Gerber (1973) thought that streptococcal infections played a certaiu role in
his cases but mainly as a secondary aggravating factor. In his clinic at
" Berne, Switzerland the incidence of CPD seemed to be increasing whereas

the incidence of streptococcal infection was decreasing, which would seem

 to indicate that it was not significant as a causal agent. He did, however,
find that some cases of so-called "asthmoid bronchiolitis™ were related to

streptococcal foci in the upper respiratory tract. No further details were

given on this.

Haemolytic streptococci found in the horse almost always fell into
Lancefield's group C and within this group five distinct strains are found,
one of which is Stregtooo ccus equi the causal agent of strangles an acutz
usually upper respiratory tract infection of horses (Mahaffey 1962). Bazeley
and Battle (1940) considered that one of the other strains was the causal agent
of "equine epidemic catarrh”, but this was disputed by Mahailey (1962 ) who
considered it to be the most common -o'pportunistic pathogen in the horse and
therefore capable of invasion after any initial inflammatory reaction. He
found Streptococci frequently in all respiratory catarrhal conditions of the
horse either as a pure culture or as part of a mixed population. In an atterpt
to prove this hypothesis he inoculated large fresh cultures of group C
Streptococci into normal horses via endotracheal tubes but was unable to

initiate any pulmonary disease,



Mansmann (1976) cultured transtracheal aspirates from a total of 34
horses with no clinical signs of respiratory disease. He was able to show
that the trachea and main bronchi contained representatives of a wide variety
of bacterial and fungal species. The number of organisms appeared to depend
on the environment as 17 of -the horses were housed in an old wooden baxn
and the transtracheal aspirates from these contained twice 2as many bacterial
species and seven times as many fungal species as those from 17 horses

housed in a new equine hospital.

Hajer (1975) also obtained transtracheal samples from a number of

horses. Nineteen of these had acute respiratory disease, 10 had subacute

disease and 18 had CPD. Of this last I8 six samples were sterile, six

contained Streptomyvces spp. (a non-pathogenic contaminant), three contained

"non-pathogenic bacteria’, one contained Klebsiella and two 5. zoogpidemicus.

Hajer concluded from this that bacteria were not important in the maintenance

of CPD. Normal horses were not included as a control.

Beech (1975) examined transtracheal aspirates from 27 normal horses
and 57 horses with respiratory disease. Each sample was apparently
examined cytologically and microbiologically but the results dealt only witis

the cytological findings.
AETIOLOGY

The aetiology of CPD has not been resolved and has been a2 matier for
oconjecture since the disea.se was first recognised. Many theories have been
advanced in an attempt to understand the pathogenesis of disease but due to
the fact that the disease is chronic developing over some years, that no
. satisfactory experimental model has been produced and that very few cases
have been studied in depth none of the theories has much evidence to support

it.

In discussing the aetiology Gillespie and Tyler (1969) quoted Virchow
(1958) to illustrate the problems involved in unravelling the many factors
thoughtto play a part : " How then can one with cerrainty determine which of
two concurrent phenomena is cause and which effect w.....or that both are
not simultaneous effects of a third factor, or, indeed, that such is not the

effect of two quite distinct causes’.
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The main theories and the evidence to support them will be discussed

separately.

allergy or mould hypersensitivity

The development o CPD has for many years been associated with or
ascribed to bad feeding practices and poor stable hygiene (Fitzwygraml19Ui;
Hug 1937; Amman 1929; Morgan 1940; Udall 1954; Gillespie and Tyler 1969).
This theory was based upon largely circumstantial evidence in that disease
was seen mainly in stabled horses (Morgan 1940; Udall 1954; Alexander 1959;
Cook and Rossdale 1962) especially in those kept in overcrowded, poorly
ventilated, dirty conditions (Hug 1937; Carlstrom and Alegren 1940) and in
that the overall incidence of disease increased if the hay was made under
damp conditions or had been allowed to become mouldy (Hug 1937; Morgan
1940; Alstrom and Lauritzson 1953; Udall 1954; Alexander 1559; Sacsse 1971).

Further support was given to this theory by the observation that the ciinical

disability in horses with CPD was often substantialiy alleviated by a return

- to pasture or a change to a dust-free environment (Alexander 1959; Cook

and Rossdale 1963; Lowell 1964; Thurlbeck and Lowell 1964; GCillespie and
Tyler 1969; Evyre 1972; Schatzmann and Gerber 1972). Lowell (1964) observed
a group of six horses with CPD and found that acute exaéerbations were
associated with either feedingior exposure to hay. He was unable to identify
the constituent responsible but suggested that there were five major antigenic
factors possibly present each of which deserved further investigation: moulds,

bacteria, grass or other pollen, insects or mites and particles of grass or

other plants.

Eyre (1972) was convinced that it was the mould component that was
responsible. He carried out various hypersensitivity tests on affected horses
using mould antigens but did not try any aerosol provocation tests. He found
that hay from an "outbreak' of CPD (no details provided) contained no signifi-
cant amounts or types of mould over and above that found in two "normal”

stables,

Cook (1976) also incriminated fungal spores as the aetiological agent
and suggested two means whereby the bronchial mucosa might react to the
allergens 1. a simple: inflammatory response producing a check-valve efiect

causing distal air-trapping and 2. an allergic response preducing bronchospasii;
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he thought that both mechanisms probably operated together, The latter of
these two mechanisms is the asthmatic response. Gerber (1973) thought that
at least 75 per cent. of all his cases had an allergic origin and he called

these cases ""asthmoid bronchitis’ and "asthmoid bronchiolitis'.

"Asthma' refers to the condition of subjects with widespread narrowing
of the bronchial airways which changes in severity over short periods of time,
either spontanceously or under treatment, and is not due to cardiovascular
disease (Ciba guest symposium 1959). It was largely the pericdicity of
symptoms in many horses with CPD that led people to compare CPD wiih
asthma {Cook and Rossdale 1963; Lowell 1964; Gerber 1973). Attacks were
associated with feeding, stabling and exposure to hay (Alexander 1959; Cook
and Rossdale 1963; Lowell 1964) and remissions with removal from dusty
environments {Cook 1976). However ”as_thma” is a very broad term and cau
be applied to a variety of situations. If the disease in the horse is to be
likened to extrinsic asthma of man firstly it must be shoﬁn that an allergic
response is involved and secondly that this induces bronchospasm. Neither

of these has been conclusively demonstrated.

The pathology of asthma is poorly documented as uncomplicated asthma
is not often a cause of death and pulmonary biopsy is seldom indicated
(Thurlbeck 1976). However, the pathclogy of patients dying of status
asthmaticus revealed several pathognomonic features : vastly overdistended
lungs which failed to collapse for some time after the thoracic cage was
opened; thick, tenacious mucous plugs containing eosinophils, Curschmann’s
spirals, and Charcot-Leyden crystals in all airways; massive ecsinophilia
of bronchial walls, mucosa, lumina and interstitum; grossly-thickenad basement
membrane of bronchi and bronchioles due to deposition of immunoglobulins ;
areas of shedding of the mucous membrane; hyperplasia of bronchjal smooth
muscle and an increase in the number of mucous glands and goblet cells
(Earlef1953; Dunnill 1960; Messer, Peters and Bennet 1960). In some limited
studies carried out on pulmonary biopsies from asthmatics similar changes

were found (Glyn and Michaels 1960).

Pulmonary eosinophilia was found in some cases of horses with CPD
(Thurlbeck and Lowell 1964; Foly and Lowell 1966; Gerber 1973). Gerber
(1973) also found smooth muscle hyperplasia in six of 14 cases, mucous gland

hyperplesia in three and vasculitis in seven; changes which he thiought were



similar to those of human allergic asthma. As he does not go into much
detail about these changes and there are no illustrations it is difficult to
interpret this claim. Foley and Lowell (1966) thought that the iungs of cne
of their four cases of CPD were similar to those of patients dying in status
asthmaticus Dbeing difficult to inflate with formalin and all bronchioles being
occluded with mucus; no other evidence was given*to support this statement,
On the avaijlable pathological evidence therefore there is little convincing

evidence that CPD is the same as extrinsic asthma.

Another mechanism whereby the moulds may cause respiratory disease
is in causing extrinsic allergic alveolitis (farmers lung). This is a condition
well recognised in man and cattle exposed to mouldy hay. It has been suggested
that CPD is a disease analogous to this (Thurllb eck and Lowell 1964; Crofton
and Douglas 1975). The pathology of the condition is related to the fact that
it is a type III or type 1V hypersensitivity reaction anc the classical features
are pulmonary granulomata, alveolar inflammation, vasculitis and brouchiol-
~itis obliterans (Pepys 1969; Pirie and others 1971). Pauli and others (1972)
described a series of eight cases of CPD with pathological lesions resembling
those of farmers lung. However these formed a small proportion of their
total number of cases. There is no other report of equine farmers lung but
Mansmann and others (1975) reported a further example of extrinsic allergic
alveolitis in the horse. Two horses, housed in stables containing a number of
chickens, developed clinical signs of CPD., Chicken hypersensitivity pneumonitis
was suspected and various tests were carried out. Both horses develcped
marked skin reactions to intradermal chicken serum and both had serum pre-
cipitating antibodies to chicken serum. One of the horses developed an increasa2d
respiratory rate sfter nebulisation with saline extracts of chicken faecces. A
normal horse failed to react. Necropsy examinations were not carriea out

but on the clinical evidence it is fairly certain that these were cases of extrinsic

allergic alveolitis. This demonstrates that environmental antigens will induce
respiratory disease in the horse under certain circumstances but it is likely

that these cases form only a proportion of the total suffering clinically irom

CPD.
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Similarity to human chronic breonchitis and emphvsamea

Chronic bronchitis and emphysema of mian are diseases that have been
recognised for centuries. Sydenham (1717) was probably the first to describe

bronchitis in clinical terms and Laennec's classic monograph (1834) gave

detailed descriptions of cases of emphysema and speculated on the pathogenesis.
The two conditions are defined separateiy although they commonly occur
together in the well“known debilitating chronic respiratory disease winose chiet
aetiological agent is tobacco smoke. Chronic bronchitis is defined in functional
terms as ""the condition of subjects with chronic or recurrent excess mucous
secretion in the bronchial tree” (Ciba Guest Symp. osium 1959). The chronic
sputum production is associated with a cough., Pathologically the hallmark of

chronic bronchitis is hyperplasia of the bronchial submucosal glands (Reid

1960). Other changes include inflammatory changes in the pronchi, goblet

cell metaplasia in the bronchioles and excess mucus in the airways.

Emphysema is defined in structural terms as "a condition of the lung
-characterised by an increase beyond the normal of air spaces distal to the
terminal bronchiole due to destruction of alveolar wails" (Thurlbeck 1976). 1t
is clear from this that emphyvsema cannot be reliably diagnosed in life and
correct diagnosis rests on necropsy examination of the lungs, prefersbly
inflated lungs sli ced into thin slices so that the true extent of emphysema

may be assessed (MRC Committee 1972).

N
The major clinical signs of CPD - cough and exercise intoclerance - are

superficially similar to those of chronic bronchitis and emphysema and the
main pathological lesions of CPD are said by some to be bronchitis and
emphysema (Hug 1937; Amman 1939; Alexander 1959; Gillespie and Tyier
1969). Because of this the disease in the horse has often been said to be
analogous to the disease in man (Stbmmer 1887; McLaughlin and others, 1965;
Mclaughlin and Edwards 1966; Cook 1976). The horse has even been suggested
as an animal model of the human disease (McLaughlin and others 1965). The
bronchitis was attributed to irritation by dusts and moulds in the respiratory

tract and emphysema was a sequel to the pathological change (Alexander 1959;

Cook 1976). Close examination of the literature on the pathology of the disease
fails to give credence to this belief, There is no incontrovertible prooi that

bronchitis is a major part of the pathology, those that state its presence
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either confuse the names of the various Ilevels of the airways {Cook and
Rossdale 1963; Gerber 1573) oxr {ail to provide pictorial or quantitative
evidence of the lesion (Hug 1937; Amman 1939%; Alexander 1959; Gillespie

and Tyler 1969; Sasse 1971). Similarligr emphysema has rarely been accurately
described in cases of CPD. It was Uﬂdeniabiy present in a number of cases

of CPD but the current evidence points to it being a fairly small part of the

entire pathological picture.

Algha -1 antitrypsin deficiencyvy

Gillespie and Tyler (1969) suggested that there might be a hereditary
predisposition to CPD in the horse due possibly to alpha-1 antitrypsin deficiency

as oCcurs in man.

Alpha-l antitrypsin is a glycoprotein which has the ability to inhibit or
neutralise a number of proteolytic enzymes including plasmin, thrombin,
chymotrypsin, elastase, collagenase and some bacterial and granulocytic
proteases (Kueppersl971). It is the major serumn trypsin inhibitor providing
over 90 per cent of the total antitryptic activity (Jacobsson 1955; Schultze
Goellner and Heide 1955). There is a hereditary condition in man associated

with the development of earlv-onset panacinar emphysema and CPD in adults

(Laurell and Eriksson 1963) which is due to a deficiency of this enzyme. Law
(1896) had suggested that horses had 2 heredirary predisposition to emphysema
but Gillespie and Tyler (1969) could 1ind no further evidence of this in the
history of cases. The results of a survey of alpha-] antitrypsin activity in

a series of horsesote in Chapter 6.

Influence of a previous febrile respiratory disease

Gerber (1973) found that 47 per cent. of 268 horses with CPD had a bout
of "influenza" included in their previous history and that after the 1965
pandemic of equine infiuenza the incidence of CPD in his clinic increased
markedly. Gillespie and Tyler (1969) also saw horses that had developed

"chronic bronchitis'" one or two years after an "influenza™ infection.

Picken, Niewohner and Chester (1971) found that viral infections of the
respiratory tract in man could be followed by prolonged changes in smali
airway dynamics which were not apparent clinicaliy. Colley, Douglas and

Reid (1973) demonstrated an association between a history of a chest illness
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under two years of age and the presence of a chronic winter cough in young
adults, Taussig (1977) concluded that children with a past history of croup
or of bronchiolitis had an increased prevalence of abnormalities in lung
function., In order to investigate any possible association in horses between
earlier bouts of respiratory infections and subsequent CPD, long term follow-
up studies over a decade or micre are required. Experience in history-taking

of horses with CPD has shown that retrospective analysis is unreliable.
Overwork and indigestion

It used to be said that working a horse on a full stomach predisposed to
the development of CPD (Navin 1869; Fitzwvgram190l) but this theory has now
been discredited (Udall 1954). Hard work will merely serve to accelerate the

physical disability already present (Carlstrdm and Alegren 1940).

In conclusion it is not likely that the aeticlogy of CFD will be elucidated

by examining natural cases alone because of various difficulties such

as the apparently slow development of disease, its sporadic nature and the
problems in obtaining accurate case histories. The experimental production
of disease should be the aim of any future aetclogical study. There is also
the very real possibility that the disease is nne of multiple aetiology. A
variety of agents and mechanisms may produce the same pathological picture
or the clinical disease may comprise several different pathological entities

each one having a separate aetiology.
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INTRODUCTION

The "coughing horse” is a common complaint in equine general
practice, the majority of cases make a rapid recovery, some will continue

coughing for several weeks and a few will be found to have develecped the

syndrome of CPD. This is characterised by a chronic dry cough, increasing
exercise intolerance, a double expiratory effort and the eventual development
of a "heaves line". The purpose of this study was to identify the pathological
changes occurring in this particular group of horses. This section describes
the clinical signs and some specialist examinations carried out on a group of

25 naturally occurring cases of CPD prior to necropsy.

MATERIALS AND METHODS

Animals

There were two sources of material. The Royal {Dick) Scheol cf

Veterinary Studies Edinburgh is carrying out an extensive survey of tha

-clinical signs, tests of respiratory function and response to various inhaied

anftigens in naturally cccurring cases of CPD., Eleven of the horses involved

in this study were subsequently referred to the Glasgow Veterinary School ior

pathological examination. A further 14 cases of CPD were directly acquired

by the Glasgow Veterinary School.

Clinical examination

As complete a history as possible was obtained from the owner or
veterinary surgeon. oSpecific questions asked were: the duration of disease,
nature of onset, history of a previous febrile respiratory disease, expected
workload, type of stabling and feed, frequency of coughing, coughing partern,

history of grazing with donkeys.

After purchase the animals were housed individually and fed hay
supplemented by concentrates, Usually the bedding was peat moss but some

were bedded on straw. Physical examinations were carried out on all animals.

Haema tolog_y

Blood was taken from the jugular vein and 2 ml sampies piaced in
- sample tubes containing ethylene diamine tetra acetic acid {EDTA). This was

used to measure packed cell volume (PCV), Haemoglobin content (Hb), mean



cell haemoglobin content (MCHC), mean cell volume (MCV), total white

biood cell count (WBC) and differential white blood cell count.

Serology

Part of the serum was used in the alpha-1 antitrypsin studies (Chapter 0}
and the remainder was used to detect the presence of serum precipitating
antibodies against antigens of Micropolyspora faeni, Aspergilius fumijgatus,

Aspergilius nidulans and Aspergillus niger. Double diffusion was carried

out in 1.5 per cent. Ionagar No. 2 (Oxoid) prepared with Mcilvains citric acid

buffer at pH of 7.2, The pattern used was a central antigen well and tive
peripheral wells; the distance between was 5 mm. The serum was placed,
undiluted ?in the ;ﬁeripheral wells and an antigen, prepared in the laboratory
from cultures of M, faeni, placed in the central well. After five days
incubation in a moist chamber the line pattern was read. An identical
procedure was used to detect antibodies to Aspergillus spp. except that the

buffer used was a borate one at a pH of 8.6.

Radiography

A lateral radiograph of the chest was made with the horse standing and

using a stationary grid; tranquilisation was frequently required for this

procedure.

Faecal examination

Samples of faeces were examined in each case for the presence of lung-
worm larvae and strongyle eggs. A Baermann technique was used for the
examination for 1ungwo;:m larvae. For this 50 grams of faeces were suspended
overnight in a double layer of gauze in a funnel containing water. 'The sediment
was drawn off and spun at 1560 rpm for three minutes after which the supei-
natant was drawn off and the remainder examined microscopically for the

presence of larvae.

A modified McMaster technique (Gordon and Whitlock 1939) was used in

the examination for strongyle eggs.

Endo SCOLY

On a number of horses an endoscopic examination wag made of the

larynx and trachea using a fibreoptic colonoscope adapted for the purpose



(Olympus CFLB2, Keymed, Southend England). The horse was first

tranquilised with acetyl promazine (C-Vet Bury St. Edmunds Suifolk) at a

dose rate between 0,25 and 0.5 ml per cwt, A twitch was applied to the

upper lip and the colonoscope passed into the lower nares in the same manier
as passing a stomach tube. The flexible tip enables detailed and direct

examination cf the area which is a considerable aid in differential diagnosis.

Some of the exudate found lving in the trachea in most of these cases was
aspirated via a length of fine tubing passed down the colonoscope and used for
bacteriological and cytological studies. For bacteriology, samples were
plated out on blood agar and McConkey's agar plates and incubated for 48 hours
at 370C, Smears of the exud'ate were made, fixed in absolute aicohol and
stained with haematoxylin and eosin, Leishmann, Papanicolanu or alcian biue

nH 2,6 - PAS. Estimates were made of the type and quantity of celis present.

Provocation tests

A limited number of cbservations were made of the effect of feeding
‘mouldy hay to these horses. The horse was put in a leosebox with both doors
closed and quantities of mouldy hay, obtained from a local farm that nac hac

an outbreak of farmers lung amongst its cattle, were shaken around the floor

and mixed with the normal hay in the hay net. Most animals treated in this

way ate the hay, although it appeared grossly unpalatable.

The effect of turning out to grass was also studied in a few caseg.
Horses were put out into the field for variable periods of time and reepiratery

function tests carried out at intervals to assess the improvement.

Medication with bromhexine throchloride

Two animals were treated daily for some weeks with a2 bronchial

secretolytic bromhexine hydrochloride (Bisolvon, Boehringer Ingelheim Crown
Chemicals, Lamberhurst, Kent). During this time they were kept inside
under f_he same conditions except for a short period when one was turned out,
fed fair quality hay and bedded on peat moss. The medication was in the form
of crystals which were mixed in the concentrate ration. One horse found this

unacceptable,so it was incorporated first in some molasses. 'lhe dose rate

was 100 mg twice daily.



Regpiratory function fests

The clinical grcup at Edinburgh carried out detailed respiratory
function studies on all the horses referred to them for investigation. 'lheir

methods are described in a separate publication (McPherson and others 1978).
RESULTS

History and cliniczal signs

A summary of the history and clinical signs of the animals acquired by
the Glasgow Veterinary School is given in Tablel . All of the horses were
more than ten years old at the time of examination. In all those cases in
which a history was available the disease had been present for more than a
year and in several cases for more than five years. Seven of the animals were

ponies, three were hunters and two were stailions.

A chronic cough which became worse on exercise was the most obvious
clinical feature and was found in all but one of the 14 cases. All of the animals
‘had double expiratory efforis andhaddeveloped "heaves lines", However dvspnoes
was very seldom observed. A nasal dis charge was often present varying flfom_
sercus to mucoid but was seldom copious. Increased lung sounds were heard
on auscultation of the chest of all fourteen horses. Only one animal was in

poor bodily conditiOnythe remainder were in fair to good condition.,

Some details of the horses referred from Edinburgh are shown #n Table 2,
Five were ponies and four were hunters the remaining twe being heavy horses.

All were affected for more than a year and often for much longer. The clinical

signs were similar to those found in the Glasgow horses.
Radiography

A1l the horses so examined could be said to have abnormal radiographic
features. The more obvious abnormal features included "stippling ', areas
of irregular increase in density and greatly increased bronchial shadowing.
These are illustrated in Figures 5 and 6, However it was difficult to obtain
clear radiographs and accurate interpretation was not possible. It is perhaps
significant that the two cases that had fractured ribs were not identified on

radiographic examination demonstrating the lack of clarity obtained.
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Faecal examination

Lungworm larvae were not found in taoe faeces of the nine animals
examined for this. dStrengyle eggs were sometimes found in the faeces.
Two cases had counts of 250 eggs per gram and these were given anthelmintics

to eliminate the infection, the remainder had counts of 50 per gram or less,

Haematology

The results are snown in Table 3. Most of the horses had bloeod values

comparable to those of normal horses. In the three horses, 29, 33 and 35,

in which the mean red cell velume was recorded several times this was found
to be elevated above the generally acceptable level of 40-45 c.u. Only one
horse, 11, had a white blood cell count above normal and the rise was hardly

‘significant (13, 660 per c.mm}), One horse, 35, had a differential eosincphil

count of ten per cent. which is above the normal rangs of 0-56 per cent.

Serum precipitating antibodies

Six out of ten tested horses from Edinburgh had serum precipitating

antibodies to M, faeni and four out of ten to Aspergillus species., Of the

Glasgow horses only two of 13 tested had precipitating antibodies to M. raeni
and three of 13 had precipitating antibodies to Aspergiilus species, ‘the results

are shown in Tables 2 and 4.

Endoscopy
Horses affected with CPD presented a consistent appearance cn endo-

scopic examination. A pcol of creamy-yellow mucus could be seen lying just

proximal to the thoracic inlet where the trachea becomes slightly dorso-

ventrally compressed. The mucus moved backwards and forwards as the
horse breathed. No obvious inflammatory changes were apparent in the

trachea or as much of the major bronchi as could be seen,

A number of the larger horses showed mild laryngeal paralysis but this

did not cause clinical signs in any of the cases. In these cases the left side

of the larynx did not fully abduct con inspiration.

In all cases neutrophils predominated often to the exclusion of other
- 3. L

cells. Epithelial cells were present in small numbers and mucus was

plentiful, Bacteriological culture revealed no specific bacteria that could be



regarded as pathogenic. In most cases the exudate was sterile but in four
cases a gram-negative coccobacillus which resempled Moraxella | woifi was

found. This was also recovered from the lungs of three cases 2t necro

g
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and was subsequently isolated from other equidae at various times, particulariy
if there was pulmonary infection. Limited studies on this organism performed
to date would tend to suggest that it is a non -pathog:enic seconcary invader of
equine pulmonary tissue. I could find no reference to it in the literature.

The characteristics of the organism are listed in Table 5.
Provocation tests

A number of provocatibn tests using mouldy hay were carried out. In
five out of six cases the horses respond'ed to this within 24 hcurs {scnietiimes
within as little as 30 minutes) with an eilevated respiration rate, increzsed
‘nasal discharge and an increase in frequency of coughing. Normal horses,

treated in the same way, did not react.

One hors_e, 11, proved to be of particular interest. Within 24 hours
'following exposure the resting respiratory rate had risen from 12 per minute
to 35 per minute. There were now harsh paroxysms of coughing, the animail
becoming quite distressed. Four days after exposure a thick piug of greenish-
white mucus was expectorated and this was found to contain many eosinophils,

Blood and serum samples were taken on alternate days throughout the

course of the experiment. Fourteen days after exposure to mouldy hay the
serum contained detectable precipitating antibodies against Aspergilius species

whereas previously there had been negative results. The white blooa cell

count rose following exposure from 6, 000 to 19, 000 per c.mm., the differential
remaining approximately the same, After seventeen days of exposure the
horse was depressed, lethargic, anorexic and slightly diarrhoeic. Because

of this she was turned out into the field. A dramatic clinical improvement

was apparent within two hours when respiratory rate had returned to normal

levels and the horse had becoine much brighter.

Six weeks later the horse was again housed. Her clinical condition was
good, respiration normal with only slight hyperpnoea and coughing being
infrequent. Precipitating antibodies to Aspergillus species were no ionger
detectable. The white blood cell count was still 14, 000 per c.mm. of which

eosinophils again formed 4-6 per cent. She was again exposed to mouldy hav
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in the same way as before and responded v&ithin 30 minutes with increased
respiratory rate and parcxysms of coughing. Circulating eosincphils increased
to 12 per cent. after two days and remained at this level, blood samples being
taken on alternate days, until the horse was shot two weeks later, 'lhe
absolute white blood cell count did not increase beyond 14, 000 per c.mm. and

precipitating antibodies to Aspergillus were not detected.

The other four responded in similar ways to exposure to mouldy hay

although none developed precipitating serum antibodies to either M. faeni

or Aspergillus species as 1l had. One horse, 37, failed to respond to mouldy
hay in any detectable way whatsoever, even after intensive exposure lor four
weeks. Likewise, the effect of turning these horses out to grass was quite

dramatic. Improvement could be seen within hours and in some cases 1t was

difficult to detect anv clinical sions of CPD at rest. Clinical improvement
Y & P

could also be achieved by walking the horse outside for an hour or so.

Medication with bromnexine hzd:t:‘o chloride

Both the horses 33 and 35 treated with this bronchial secretolytic had

been severely affected with CPD for some years.

In neither case was there a dramatic clinical improvement but both

horses improved mildly after a few days' treatment. In 35, because of the

temperament of the horse, this improvement could not be quantified but the
other horse, 33, showed improved exercise tolerance and a quicker recovery
following exercise tests. There was an impression, although it could not be
verified., that the mucus in this horse was riot as thick and purulent as betore.
Increasing the dose or putting the horse out did not increase the slight degree
of improvement, nor did prolonged treatment for a month or more. At
necropsy 33 had an area of pleurisy associated with a fractured rib. The
effect of this was not known but it may have limited the possible efiectiveness

of the treatment.

Re@iratorv function tests

The clinical group at Edinburgh have found that two principle measure-
ments serve to identify the horses affected by CPD - the partial pressure of
oxygen in the arterial blood (Pa0,) and the maximal change in intrapleural

pressure { £ Ppl) measured either by intrathoracic canula or by intra-
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oesophageal balloon (McPherson and others 1978 ). Horses definitely
affected by CPD confirmed at necropsy were found to have a PaCo of < 32 mm

Hg and a £\ Ppl of > 6 mm Hg.

The other maindiagnostic aid was the response to inhaled antigens.

‘Horses were subjected to an aerosol of a selected antigen and the PaO, and
/APpl measured. A positive response was said to occur if the £ Ppl changed

from < 6 mm. Hg to > 6 mm. Hg or if it increased from > 6 mm, Hg by > 15

ner cent,
DISCUSSION

The horses in the study exhibited all the classicai clinical signs of CPD

which have been described many times by many diiferent authors.

cough of many months to years duration,
increasing exercise intcleraiice,
double expiratory effort,
presence of "heaves line",
‘nasal discharge,
increased respiratory sounds on auscuitation,

fair to good bodily condition,

As McPherson and others (1978) have shown, these are typical but ﬁot
diagnostic of CPD. Iourteen horses were admitted to the Glasgow Veterinary
School specifically for this studv. All were kept for periods of several weeks
and examined periodically. Two additional horses were acquirad but did aoct
fit in well‘l with the accepted clinical »nicture; one of these had a chronic cough
on exercise but no other symptoms and was subsequently found tc have a
collapsed trachea; the other had severe dyspnoea, cvanosis and had rapidly

lost bodily condition; &at necropsy this was {ound to be a case of chronic

pneumonia. One horse, 29, had mild CPD at necropsy, and did not show ali
the clil;ical signs expected of a case, in particular there was no cough, but
extensive clinical examination failed to reveal any other possibie cause for
the exercise intolerance, tachypnoea and hyperpnoea. The other 13 cases

exnibited ail the ciassical signs.

Radiography of the equine chest remained unsatisfactory. Lhe view on

which the maximum lung area is visible is the straight lateral but this involves

superimposing one lung on another., Dorso-ventral views would require
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oeneral anaesthesia, a technique not without risk in a horse with impaired
lung function, and would still give a restricted pulmonary field. The large
bulk of tissue to be penetrated necessitates a large kilovoltage with resuitant
loss of definition. Although the cases had an "abnormal” chest X-ray it was
difficult to make an interpretation beyond this and also difficult to correlate
the radiographic findings with those at necropsy. Chest radiographs cannct
at this time be recommended as an additional aid to diagnosis but may be of
some use in differential diagnésis of other cases of respiratory difficulty

such as tumours ana collapsed trachea.

“Endoscopic examination is of vaiue in diagnosis particularly in doubtiul
or early cases. Various upper respiratory tract conditions may be eliminated
such as soft palate paresis, guttral pouch mycosis, sinusitis and laryngesl
hemiplegia. In addition aspiration and subsequent bacteriological examination
of the sputum will eliminate bacterial cenditions that may mimic CPD. In

particular infections of Streptococci of group C should be looke¥or since

these may cause prolonged coughing and exercise intolerance if untreated.

- All cases of CPD confirmed at post mortem had either a sterile tracheal
_exudate or one containing what appeared to be non-pathogenic bacteria. 'lThe
oram-negative cocco-bacillus found in the respiratory tract of normal
and diseased equidae is of interest, mainiy because it has not been described
previously. As far as is known oniy two surveys of the bacteriological flora
of equine sputum have been carried out anc one of these dealt entirely with
clinically normal horses. One, in the Netheriands, involved collecting 60
sampleé of sputum by transtracheal aspiration. Forty seven of these were
from horses with respiratory complainté which were classified as acute
(19 cases), subacute (10 cases) and chronic (18 cases) (Hajer 1975). Of this
last 13, six were negative bacteriologically, six contained Streptomyces

species, two contained Streptococcus zooepidemicus and three contained

"non-pathogenic bacteria’. Streptomyces species and 5. zooepidemicus were

also commonly found amongst the acute cases. Streptomyces is an actino-

mycete which is fairly ubiquitous. Hajer found that on admission to the clinic
the sputum of chronic respiratory cases was often negative bacteriologically

but by departure infection with Streptomyces species had occurred; that is the

" horses were picking up the infecticn at the clinic. His results were very

similar in that he foundthe sputum from most cases of CPD to be
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bacteriologically sterile. He did not report any isclates of a bacterium

resembling Moraxella | wofifi,

The second survey was carried out on 17 clinically normal horses
housed in a new university equine hospital and on 17 clinically normal horses
housed in an older wooden barn (Mansmann and Strouss 1976). A wide variety
of apparently harmless bacteria and moulds was isolated from the transtracheal
aspirates in poth cases but the horses in the wooden barn harboured twice the

number of bacterial species. The discrepancy between their results and those

of Hajer (1975) and myself cannot readily be explained; possibly their method
of coliection was not sterile or their methods of bacterijal cuitivation were
more sensitive. It is difficult to draw any firm conclusions as their methods

of collection and culture were not given in suificient detail.

It may be difficult to determine the exact pathogenic nature of the

organism resembling Moraxella J.wofti under experimental conditions. Ii,

as is suspected, it is an opportunist invader of pulmonary tissue this task will
be further complicated. However, as far as CFD is- concerned, it may be
concluded with some certainty thatb;r and large the sputum is sterile and that
the disease is not one involving bacteria: infection at least when the condition

reaches the chronic stage.

Cytologically, the findings tend to agree with those of Beech (1975) who

examined transtracheal aspirates from 27 normal horses and 57 horses with

respiratory disease, 23 of which had CPD diagnosed clinically. She found
that the neutrophil was the predominant aspirate cell in the 23 horses and that
thick, viscid mucus was also preseant, She also claimed to see thick plugs
which stained histologically fer fibrin which she assumed had been sucked out
of bronchioles during collection, I &id not find these but the method of

collection was different in that suction was applied only to the mucus seen

lying in the trachea whereas Beech applied suction and pumped fluid in and
out of the respiratory tract. Less common iindings in her study were .
eosinophils, squamous cells and macrcphages; as in the cases described
here. Sputum from human asth matics is said to Contain NUIMnerous

eosinophils (Crofton and Douglas 1975) but eosinophils arzs an uncommon

finding in tracheal mucus of horses with CPD although they were frequentiy

seen in the brenchial and bronchiolar walls of cases at necropsy. '1his gives



furtner credence to the view that CPD is not directly analogous to human

asthma.

Culture of aspirated sputum is of value in eliminating a bacterial cause
of coughing but cytologically the value of examination is doubtful, In man,
of course, cytological examination is extensively used for the diagnosis of
lung cancer amongst other conditions and has considerable value. Cytology

of the sputum has shown that it does not contribute any more tc the diagnosis

of the disease.

Haematological examination of the affected horses was of little value
in the diagnosis. Jeffcott (1977) has noted a tendency for the MCV to rise
with increasing age so that the significance of the measurement is doubtful.

The three horses with elevated values were all over 12 vears of age.

The observation that the clinical signs in affected horses increased in
severity following exposure to mouldy hay merely confirmed what has been
realised for many centuries, that mouldy or dusty hay hé_s a certain rcle to
play in the pathogenesis of disease. Similarly it waé found that reroval of
the affected animal to a relatively dust-free environment gave considerable
clinical relief, which is another well-documented fact. In a more quantifiable
fashion, the clinical team at Edinburgn have demonstrated susceptibility to
various purified antigens of mouldy hay. One interesting finding that arose
from this work was the ability to induce the appearance of serum precipit-

ating antibodies to Aspergillus species in one animal after 14 days’ exposure

to mouldy hay. Because of the short time that this took the animal would have

had an inherent potential to produce this and it is certain that at some earlier

stage of the disease these antibodies had been produced in detectablie quantities.

It was impossible to induce serum precipitating antibodies in any other

of the animals so treated. The team at Edinburgh succeeded in sensitising a

horse to avian egg albumen, an antigen not likely to be met in life, The animal
was aerosolised several times and in due course developed serum precipitating
antibodies to the antigen. The actual significance of these serum precipitating

antibodies is not known. Their presence has previously been discussed in the

‘Review of the Literature. It is impossible to determine whether a larger number
of horses with CPD have serum precipitating antibodies to M. faeni because tais

is the causative agent or whether it merely indicates increased exposure of these



horses to mouldy hay in respect to the normal horse population. In order
to assess its significance tests must be standardised and a large number of
horses, both normal and diseased would have to be examined for serum
precipitins. It is interesting that a larger number of Edinburgh horses hac
demonstrable serum precipitating antibodies to M. faeni and Aspergillius

species. This probably reflects a differenice in sensitivity ol measurement.

Drug treatment of horses with CPD is a2 controversial topic. Some of
the treatments described in the past involved the administration of opium,
arsenic, enemata, turpentine, lead shot and bacon fat and an operation to
make an artificial connection between the rectum and vagina (Law, IS 06). The
:restricﬂon of food and water and attention to the quality of food is mentioned
many times because of the belief that CPD was primarily a digestive upset.
The fact that this often effected a remission was most likely because it
reduced the dust in the atmosphere rather than improved the digestion.
Nowadays it is recognised that the provisicn of fresh air is the single most
important palliative and Cook (1976) expands at some length on this. Antibiotics
are of no value as there is no bacterial cause although they are widely
employed in practice. Corticosteroids have a limited role and temporariiy
alleviate symptoms but have too many contraindications to justify prolonged

use.

Schatzmann, Bergi and Straub (1973) medicated six horses, five atfiected

with CPD and one control, with 50 mg of bromhexine hydrochloride twice daily
for 11 da*ys. No lasting beneficial results were achieveds the viscosity of tie

mucus decreased only slightly in four oﬁt of six horses as assessed subjectwﬂy._
Two horses were given 250 tﬁg twice daily without enhanced effect. 'They

concluded that bromhexine hydrochlioride had little effect on the secretion of

horses with CPD. Two horses medicated with bromhexine hydrochloride

‘ _ et
showed similar results in the two cases in that both seemed to exporate less

viscid sputum and there was a minor clinical improvement. Coock (1976}
claims that the administration of bronchial secretolytics should be regarded
as a placebo only and that their greatest roie was in allowing the owner to

feel that something positive was being done for the horses.
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Lungworm infection is said to be able to be confused with a diagnosis

of CPD (Cook 1976). The donkey is said to be the natural host of the parasite

Dictyocaulus arnfieldi, anc horses wili pick up the infection if grazed in the

company of donkeys although the infection rarely achieves patency (Round 1976).

0.

It was diifficult to ascertain, in almost all cases,whether the horses na
ever grazed with donkeys, this is however an impoftant facet of the history
taking. Faecal examination will not eliminate infection as a cause of coughing
as the infections rarely reach patency but at necropsy no evidence of active

lungworm infection was found (Chapter 3).
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.._Observation 7 9 11 13 15 20 29 33 34 35 37 38 39 41

Duration if disability NK >1lyr. >1lyr. 6yrs, >5yrs, >lyr, >1lyr., Syrs., oyrs. NK 5 yrs, > 5yrs. NK > Zyrs.

Nature of onset NK NK NK Slow NK Slow NK NK NK NK Slow Slow  Slow NK

Previous febrile NK NK  NK  NK NK NK NK NK NK NK  NK NK NK  NK

respiratory disease

Work required of Child's Riding Child's Child's QHmaw A Child's Riding ) , Child's Child's Stud  Stud

horse/Type | Pony S chiool Pony Pony Show - Pony School Hunter Hunter Hunter Pony Pony Work Work
| Pony jumper Pony -

Stabling and feed NK  Fair Good NK Varied Poor Fair Good  Goced NK Gocd Good Good Good

availapble .

Grazing with donkeys . NK NK NK NK NK  NK - NK NK NK NK ~ -~ NK

Cough =+ + + - 1+ I o+ i+

Nasal discharge Serous - Mucoid Serous Mucoid Serous - Mucoid Mucoid Serous Serous Serous - Serous

Double expiratory + ++ ++ + ++ ++ + 4+ + - +/+4+ + -

effort _ _

"Heaves" line + + + + -+ + - + -+ + + + + +-

Dyspnoea _ - - - - - ~ - - - - - -/ - - /+

Increased sounds on +--f- - +-+ -+ +-I- +-+ + H + - ++- | + [+ + + - ++

ausculation | __

Abnormal chest + + + NK + +  NK + + - + + NK +

radiograph

Bodily condition Good  FPair Good Good Fair Good G00d Fair Fair Good Good Good Good Poor

TABLE 1. Some historical and clinical details of the horses acquired by the Glasgow Veterinary School.

NK = not known/not carried out.
+ ~ mild

- = not present
++ =~ moderate,
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Observation H 6 12 14 23 24 25 26 3] 36 40
Heavy Child's . Child's Child's Heavy  Heavy Child's Child's Heavy
nte: . Hunt
Type of horse ‘Hunter  Pony Hunter Pony Pony horse  Hunter Pony Pony  horse Hnter
o o ) . _ . Not Not 1
Length of time _ 4yrs, > 6yrs., >3yyrs, 3yrs, > Jyrs. 1 yr. nown > 2 yrs. 13 yrs. oW 13 yrs.
affected .. .
Pa0, mrm He, 30,5 Low Low . Low . Low ~Low L.ow Low LOW Low 58.5
<Ppl mm Hg. 12,8 High High tigh High QZOMM High High High High 26
Serum M faoni Asper- M.,faeni M.faeni Not M.faeni Asper~  None M.faeni
precipitating None M.faeni - LGS gillus . done Aspergillus gillus
antibodies . Aspergillus
against | Nocardia spp.

Avian Albumen

Inhalation tests M.faeni M.facui M,faeni M.faeni M.faeni Not Mouldy M.faeni M.faeni Mouldy M., faeni

positive to Aspergillus Aspergillus Aspergillus done hay Aspergillus hay
spp. WNocardia spp. Mouldy hay
Avian Albumen Pollen

Intradermal tests Pollen Moulds M.faeni M.faeni Moulds Moulds Moulds Not M.faeni M.faeni
positive to Moulds Nocardia spp.M.faeni Asper- Nocardia Pollens Pollens oWn

Aspergillus M.faeni gillus spp. M.faeni M. faeni

Aspergillus Nocardia spp. Nocardia Nocardia spp.
SPP .

B N e T N W o o e )

TABLE 2, Selected historical and clinical details of the horses sent from the Royal (Dick) School of Veterinary Studies.
PaO, =~ partial pressure of arterial oxygen.
OuPpl - chHange in intrathoracic pressure between inspiration and expiration.
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29

33

34

35

37

38

Serological precipitating antibodies to:

Microgalysl:ora faenj_ r%..fum.ingams. A, niger A, nidulans
+ - - -
- + - -
+ + + +
- + + +

39

41

TABLE 4. The detection of serum precipitating antibodies to

Micopolyspora faeni or Agpergillus species in the horses

acquired by the Glasgow Veterinary School.



Isolates
Isolated from tracheal washings of four adult horses with CPD and

from tracheal washing of four feals with ascarid infections.

Found in the pulmonary tissue of three cases of CPD and three fcals

with experimental Parascaris eguorum infection,

e ve———— i —— —

Also found in the lungs of two cases of acute streptococcal pneuvmonia

diagnosed bacteriologically.

Mgmholoﬂ

Small,stout cocobacillus.

P

Gram-negative.

Non-sporing, non-motile,

Grows readily on blood agax to form small, non-haemolytic, shiny

cream colonies 1-2 mm diameter.,

Grows readily on McConkey agar.

Biochemistry

Catalase positive.
Oxidase positive.

Oxidises lactose, maltose, xylose, giucose, treholose with some

fermentation but this is not always constant.

Urease negative.

TABLE 5. Morphological, cultural and biochemical characteristics of a

cocobacillus isclated from the equine respiratory tract.



Figure 2, Nostrils of . .34. A mild serous discharge can be seen at the

left nostril, Even at rest the marked flaring of the nostrils can be seen.

64
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Figure 3., . 34. The barrel-chested appearance is obvious and a heaves

line is present (arrows).

-
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Figure 4, .38, There is a prominent heaves line visible right along the

f
5

Jower abdomen and thersx (arrows).
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Figure 5. Radiograph of the chest of one of the affected horses lateral view.
The bronchi are more radio-opaque than usual and there is a stippled

appearance to the dorsal part of the lung.
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Figure 6. Radiograph of the chest of one of the affected horses lateral view,
The bronchi are very cpaque and most of the dorsal part of the lung is much

denser than nornial.




AN
{7

REFERENCES

BEECH, J. (1975) VETERINARY PATHOLOGY, 12, 157.

COOK, W.R. (1976) VETERINARY RECORD, 99, 448.

CROFTON, J. AND DOUGLAS, A. (1975) RESPIRATORY DISEASES,
~ 2ND EDITION BLACKWELL SCIENTIFIC PUBLICATIONS, LONDON.

GERBER, H, (1973) EQUINE VETERINARY JOURNAL, 5, 26,

e T

L.I.

GORDPON, H.MCL, AND WHITLOCK, H.V, (1939) JOURNAL OF THE COUNC
OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 12, 50.

HAJER, R. (1975) PROCEEDINGS OF THE THIRD MEETING OF THE
ACADEMIC SOCIETY FOR LARGE ANIMALS VETERINARY MEDICINE,
ZURICH, 16-17 OCTOBER, 1975.

s
J
»

JEFFCOTT, L.B. (1977) COMPARATIVE CLINICAL HAEMATOLOGY, |
R.K. ARCHER AND L.B.JEFFCOTT, BLACKWELL SCIENTIFIC
PUBLICATIONS, OXFORD.

LAW, J. (1896) TEXTBOOK OF VETERINARY MEDICINE, ITHACA, NEW YCRK,

MANSMANN, R.A. AND STROUSS, A.A. (1976¢) JOURNAL OF THE AMERICAN
VETERINARY MEDICAL ASSOCIATION, 169, 62.

MCPHERSON, E.A; LAWSON, G,.H.K; MURPHY, JILL, R;
NICHOLSON, JANET, M; FRASER, J.A; BREEZZ, R.G, AND
PIRIE, H.M, (1978) EQUINE VETERINARY jJOURNAL, 10, 47,

Py

ROUND, M. (1976) VETERINARY RECORD, $9, 393.

SASSE, H.H.L. (1971) SOME PULMONARY FUNCTION TESTS IN HORSES,
Ph.D. THESIS, UNIVERSITY CF UTRECHT,.

SCHATZMANN, U: BERG! ,, H. AND STRAUB, R. (1973) DEUTSCHE
TIERARZTLICHE WOCHENSCHRIFT, 80, 97.



L4

R THRE!

CHAPT]

Lt

PATHOLOGICAL STUDI!

(L]



INTRODUCTION

This chapter describes the pathological findings in the horses described
in the previous chapter. Eleven cf these were derived from the respiratory

function/pathogenesis project at the Royal (Dick) School of Veterinary Studies.

A1l of these had PaO9gs of < 82 mm., Hg and £&3Ppis of >6 mm. Hg and so
satisfied the criteria laic down by the group for identification of horses with
CPD. The remaining 14 were horses acquired by the Glasgow Veterinary
School. All of these were fu11§ investigated clinically as descriped in
Chapter Two but respiratory function tests were nict performed on these
animals., As McPherson and others (1978) have indicated the clinical signs
alone will not positively identify all cases of CPD. However these fourteen
were carefully selected cases and all were observed over long periods of time
prior to necropsy. lhe pathological findings (described below) showed that
the clinical methods emploved had been suificient to icdentify these as cases

of CPD.

MATERIALS AND METHODS

Animals

Horses referred by veterinary surgeons were purchased irom their
owners or gifted to the veterinary schools concerned. The animals were kept
for varying periods p"rior to necropsv, during which time they were either kept
inside in individual boxes or were put oult to crass. At the Royal (Dick) School
of Veterinary Studies the horses underwent various specified tests for allergy
and respiratory function and,to a lesser extent, similar tests were periormed
on some of the horses at the Glasgow Veterinary School. Detailed clinical
examinations were made on all the animals going to necropsy. Thishas been

fully described in Chapter Two.

Post mortem and histogathologic;_al technigue

Clinical cases were slaughtered at various intervals after admission.
At Glasgow the larger horses were stunned with a bell gun and the smaller
ones with a captive bolt pistel, pithed with a light cane and immediately
exsanguinated by jugular section. The lungs were removed as rapidly as possible
from the carcase and selected pieces of tissue were excised ior electron micro-
scopical and histological examination. In one case a horse which had beendeac

for two hours was delivered and in a further instance a set of lungs frcm 2

horse dead for six hours were picked up from a slaughternouse.
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Usually the horses purchased by the Edinburgh group were transported
live to Glasgow for necropsy examinaticn. Horses slaughtered in Edinburgh
were given an overdose of barbiturates (Euthatal; May and Baker, Dagenham,

Essex) and immediately exsanguinated.

The entire respiratorv system was examined macroscopically after

which the right lung was excised at the hilus and inflated in ten per cent.
formol saline (see below). In some cases this was not possible if the pleura

had been inadvertently cut at necropsy,so the leit lung was used.

Three blocks of tissue were removed from each site shown in Figure 7
and fixed in separate bottles containing Carnoy's fluid, corrosive formol or
ten per cent. formol saline respectively. The tracheo bronchial system was
opened completely with scissors and additional material for histological
examination was taken wherever necessary. A block from a mediastinal lymph

"node was aiso taken.

Small blocks of tissue 1-2 mm in size were excised as soon as possible

after euthanasia from the major bronchi and bronchioles, chopped into small

nieces not more than 0.5 mm thickness with a grease-free razer blade on a
block of paraifin wax and then immersed in small bottles containing chilled

paraforinaldehyde/glutaraldehyde solution at 4°C. (Appendix 1).

Towards the end of the project scanning electron microscopy became
avaiiable as a technique for examining the lungs of these horses so that in the
last few cases to be necropsied the cranial lobe of the left lung was excised,
immersed in a container of paraformaldehyde/glutaraldehyde and inflated under

gentle pressure via the main bronchus with the same sclution.

The heart was removed from the thoracic organs at the origin of the
great vessels, examined macroscopically and then opened to show the valves
and to allow measurement of the circumierence of the pulmonary arterial trunk
and aorta. The method of Fulton, Hutchinson and Morgan-Jones {1952) was
used to compare the weights of the right ventricular muscie mass to that of the
left ventricle plus interventricular septum. The right ventricle was carefuily
excised close to its junction with the interventricular septum and the right
atrium with extraneous fat removed. The leit atrium was separated from the
1ef_t ventricle and the whole was cleared of excess fat and chordae tendinaea.

The right ventricle (RV) and left ventricle plus interventricular septum (LV +5)
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were weighed and the ratio LV + S  caicuiated.
RV
Biocks of tissue were fixed for a minimum of 48 hours., After fixation,

tissues were dehydrated and cieared in & double embhedding sexries and iinally

i

in wax under a vacuum. Paraffin embedded sections were

embedded in paraf

cut at 5-6 pim on a Leitz rotary microtome and mounted on glass slides. The

sections were routinely stained with haematoxylin and eosin (H and E),
selected sections were then stained with a number of special stains designed
to help elucidate variots aspects of the pathology including Martius scarlet
blue, Verhoeff's van Giesson, alcian blue pH 2.6 - periodic acid Schiff (PAS),
alcian blue pH 1.0-PAS, Perl's prussian blue, toluidine blue pH 0.3 and 4.0,

astra blue-sairanin, Biebrich's scarlet pH 9.9, carbol chromotrope, Hogg's

and Bank's stain and H and E -toluidine blue. (Appendix 1).

Fixation of lung bz inflation

The right lung was encased in double thickness polythene bags and laid

on its ventral surface in a2 fume cupboard. The trachea, cut oif to an

approximate height of 25 cm. was supported vertically in a clamp and a glass
funnel was placed in its open end. The polythene bag was then partially filled

with ten per cent., formol saline to aliow the lung to float. Fcrmol saline was

poured gentiy into the trachea until the pleura was smooth and the lung was

judged to be fully inflated. The intrabronchial pressure did not exceed 30 cm.

of water, In many cases this was a long tedious process and in a few instances
possibly due to airway's blockage, the formol saline did not flow {reeiy resulting

in fixation of some segments only.

After a few days fixation the lungs were stored in bags containing a small
amount of formol saline in large plastic dustbinsg. At a later date the lungs
were sliced into thin slices on an electric bacon-slicer. lTransverse slices
were taken from the sites indicated in Figure § and were impregnated with a
precipi}ate of barium sulphate after the method of Heard (1958} to aid identific-
ation of tissue, photographed and examined in d-etai'i under a dissecting microe-

scope.

Transmission electron microscopy {TEM) technique

A1l methods for making up the solutions are in Appendix 1. 'The tissues

0 . . .
were fixed for 44-6 hours at 4 C and then rinsed several times in 0.1 M
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cacodylate solution with added sucrose and left in the rinse overnight. They
were post-fixed for one hour in one per cent. osmium tetroxide in Millonig's

buffer and then dehydrated through a graded series of alcohols to absolute

alcohol followed by half an hour in propylene oxide. Embedding of the tissue
was in Araldite epoxy resin (Ciba), contained in gelatine capsules, polymerised
for 48 hours at 57°C. 1 Hm. sections were cut from the blocks on an LKB IIl
altratome, mounted on glass slides and stained with one per cent. methylene
vlue/Azure II solution. After viewing under a light microscope selected areas
were cut at 500 A on the ultratome and mounted on copper grids. lhese thin
sections were stained first with 20 per cent. uranyl acetate and then with lead

citrate, blotted dry and viewed with an AET 6B electron microscope.

Scanning electron microscopy (SEM) technique

- i - - i~ - 0
‘The inflated lung was left immersed in fixative for several days at 4 C

and then pieces cof tissue no larger than 10 mm . square and 3 mm,. thick were
seiected, rinsed several times in 0.1 M cacedylate solution with added sucrose
and then left in a solution of the rinse for 24-43 hours., 'lhey were then post-
fixed in one pexr cent. osmium tetroxide in Millonjg's buffer for one hour and
finally dehydrated slowly over 24 hours in a graded series of acetones to
absolute acetone, Care had to be taken that they were not in absolute acetone
for longer than two hours as this tended to shrink the tissue. The tissues were

then dried in a critical point dryer for an hour, mounted on stubs and coated

with gold at a thickness of 300 A in a splutter coater before being examined under

a Phillips 500 SEM.

RESULTS

The results for each case are summarised in Table 6.

Ma CrosScopic chancr;: es

Figure 9 shows a normal equine lung, In contrast the lungs of nearly all
the 25 clinical cases of CPD failed tc collapse immediately the thorax was
opened and remained infiated or partially infiated aiter excision. oSegments in

the cranial lobe, venterc-caudal and the peripheral caudal lobes were most

affected by this chénge (Figures 10 and 11), In the most obvious cases - 5, 12,

14 and 31 this puffy pale overinflated appearance remained f{or some hours aiter

the lungs were removed from the carcase. In others, such asland 37,the lungs

collapsed considerably within five to ten minutes. Cases 20, 29 and 35 had no over-



inflation, the lungs collapsing immediately.  Only in 6 were rib-markings
seen on the dorso-lateral surfaces of the lung. Apart from the segmental

areas of overinflation all the lungs were macroscopically unremarkable, except

for pallor and prominent pleural vessels in a few animals.

Cases 7 and 33 had fractured ribs in the mid-thoracic region. Both

iractures had rounded calluses and seemed to be of long-standing. 'The
adjacent part cf the caudal lobe had adhered to the iractured bone and there
was an area of fibrous pleuritic adhesions (Figure 12). In neither horse did the
reaction extend into the lung substance nor had any clinical signs been detected

or attributed to the {racture.

Case 1 had a large abscess, 10 cm in diameter, in the middle of the rignt

caudal lobe and there was some fibrinous pleurisy associated with this.

T

Most of the horses had fibrous "tags” originating from the visceral

leura in the posterior caudal recions of the lungs. These were 0.5 to 3 cm
i & g

long, filamentous and found usually in large groups (Figure 13); similar tags
could sometimes also be found on the liver and splenic capsules. There was
no apparent explanation for their presence and no clinical or patholegical

significance was attributed to them.

Parasitic cysts were also a common finding in the lungs of many of the
animals but were never numerous. These are not thought to be significant

and are usually attributed to migrating parascarids or to aberrant strongyvles.

Case 29 had about ten isolated, raised, hemispherical areas projecting
above the normal lung surface (Figure 14). On section these were seen to consist
of slightly overinflated alveoli with al oreenish tinge and consisted of overinflated
alvecli with numerous eosinophils present microscopically. Similar lesions
were subsequently observed in horses with lungworm infection. No lungworm

could be found in this animal but it seems likely that this was the cause.

The trachea of 37 was partially collapsed dorsally (Figure 15). The rings
had opened and the dorsal membrane was slightly prolapsed into the lumen

over the entire length of the trachea except for a small normal section at the

thoracic inlet. The lumen of the trachea was still substantial and the animal
had not suffered respiratory embarrassment during life, No clinical signs had

been attributed to this and the narrowing was not detected during life.
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Hydatid cysts were found in the livers of 1, 14 and 29. Case 7 had a
massive mixecd parasitic infection of strongyles and trichonemes and also a large

adenoma of the right adrenal gland about 15 cm in diameter.

Only one of the 25 animals, 41, had mucus in the main bronchial tree or
trachea (Figure 16). In a few cases - 6, 9, 12 and 38 there was pus in manv of
the subsegmental and smalier bronchi and in these horses the bronchiolar

- tissue also appeared rather prominent in cross~sections oi the lobules,

Figure 17 shows the heart fron one of the norses with measuranle right
ventricular hypertrophy. The right ventricle is thicker and larger than usual.
In most cases however no cardiac abnormality was immediately apparent

grossly.

Microscopic changes

In all 25 cases the most obvicus lesion was bronchiolitis. mflammatory
changes of lesser extent alsc affected the smallest bronchi proximal to the
terminal bronchioles but in no case was there any evidence of generalised
bronchitis involving segmental or lobar bronchi. In a normal horse the
bronchiclar epithelium is a single layer made up of cilijated cells and dome shaped
cells which protrude into the lumen; these are probably Clara cells (Figure 18).
Goblet cells are sparse in the smailer bronchi of the normal horse and do not
extend into the smaller airways. Typically the bronchiolar epithelium in the
25 cases was hyperplastic having two, three or more cell layers above the
basement membrane, The epithelium contained many tall columnar cells stch
as are found in the bronchi (Figure 19) and a substantial proportion of goblet
cells (Figure 20). The goblet cells present in the bronchioles of diseased
horses were secreting almost exclusively sulphomucins as determined Dy
alcian blue - PAS staining sequences (see chapter 5). In il horses {Table 6)
there were obvious plugs of mucus in the bronchiolar lumina (Figure 21) and
these c-buld also be seen in some of the smaller bronchi (Figure 22). Ten
cases had polymorphonuclear leucocytic exudates in the bronchiioclar lumina

(Figure 23) including the four cases in which pus could be seen macroscopically.

The lamina propria was often hypercellular and infiltrated by lymphocytes,
plasma cells and polymorphonuclear leucocytes (PMN's); the latter could

occasionally be seen migrating through the bronchiolar epithelium. The

basement membrane did not appear thickened in any of the horses.



There were maxked changes in the peribronchiolar tissue. Normally
the bronchioles are surrounded by a very sparse sheath of cells and connective
tissue (Figure 24) but in most of the CPD cases examined there was a marked
peribronchiolar reaction. In 22 cases this consisted of dense ageregates of
lymphocytes witheut germinal centres, PMN's, plasma cells and mononuclear
cells (Figure 19). In 3 cases 9, 33 and 41 there was a substantial collagen
component as shown by staining with Martius scarlet blue and in 23 and 24 this
could be said to be predominantly collagenous in nature with very iew cells
pi‘esent (Figure 25). The peribronchiclar cellular accumulations often contained
a considerable number of eosinophils and/or mast cells. FEosinophilia of
pulmonary tissues - alveclar walls, peribronchial, peribronchiolar and peri-
vascuiar areas - was found in 16 of the 25 horses. This was of variablic extent
and intensity but generally peribronchiclar connective tissue and alveolar walls
were the areas most affected. When eosinophils were seen in the bronchial
tissue they usuvally occupied the peribronchial connective tissue but were aiso
seen in the epithelium. Two cases, 29 and 37, in particular had marked
eosinophilia (Figures 26 and 27)., Large numbers of eosinophils had infiltrated
in many areas of the pulmonary tissue but especially in the peribronchiolar
connéctive tissue and in all parts of the bronchial and bronchiolar epithelium.
Occasiomliy there was patchy oedema associated with areas of eosinopiiiia

but this was not 2 common {finding.

The number of pulmonary mast cells was focund to be increased in ten
horses (Chapter 6)., This number, however, was not a true proportion of the
25 since in order to preserve mast cell integrity tissue must be fixed adequately
shortly after death., In most of the cases derived from the files this had not
been done as the tissues were generally poorly preserved as regards definitive
mast cell demonstration. If these are excluded ten out of 19 horses had mast
cell hyperplasia. The increased number of mast cells was : most obvious
around the bronchioles (Figure 28). A full description of these changes is in

Chapter 6.

Focal alveolar epithelial hyperplasia affecting the aiveoli adjacent to
larger bronchi and some subpleural areas was seen in five horses all of which
had other quite severe lesions. The alveoli were lined usually by a cuboidal

epithelium but sometimes this was partially columnar aind ciliated. Inter-

alveolar septa were thickened by fibrosis focally this sometimes extending to
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involve a few acini (Figures 29 and 30). In two of these cases 12 and 33 some
of the alveolar spaces were filled with pools of mucus; the change was most
widespread and extensive in 33 (Figure 31). Three other cases 14, 23 and 34
also had pools of mucus in alveoli adjacent to bronchi and bronchioies in the

absence of fccal fibrosis.

Staining with Perl's prussian blue was designed to show up macropnages

containing haemosiderin, a break-down product of blood or mucus. In four

cases this was found tc be a significant feature of the disease but it was a

minor observation in many more.

Although bronchiolitis and narrowing was the usual change occasionally

1e bronchicles retained the cuboidal epithelium and became widely dila ted
and contained some mucus and macrophages in the lumina. 'This tencded to

occur in areas of alveolar overintlation.

o S .
The medijstinal lymph nodes were never enlarged beyond normal ner

were there cbvious microscopic changes in their structure save for mild
infiltrationbj eosinophils in all of the cases with a pulmonary eosinophilia

(Figure 32).

Examination of the 1L111g slices

The lungs were found to slice even 1y down to a thickness of 1-2 mim
and this facilitated the microscopic examination. Not all parts of the lung hac

inflated fully with the formalin and this variation was clearly shown following

impregnation with barium sulphate (Figures 33 and 34)., Nevertheless ten cases

could be assessed in detail for the extent of emphysema. The gross paotograpis

indicated the approximate extent of this and alsc provided a permanent record o
the slices. The cranial lobe slice was often grossly emphysematous (Figure 35)
to a variable extent but never severely so and also the lateral tip of tne caudal
lobe (Figure 36). The slices were then examined in detail under a dissecting
microscope at magnifications of 12 X to 50 X and this coniirmed the initiai
assessment, Only one case, 9, had any evidence of emphysema in the body o
the caudal lobe. This consisted of small isolated areas surrounding blocked
bronchioles usually in the dorsal area of the lobe (Figtures 37 and 38). No other
case had any evidence whatsocever of emphysema except in the areas seen as
orossly emphysematous., Figures 39- and 40 illustrate the usuzal appearance of

the inflated lung, there is no alveolar wall destruction and the airways are ox
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approximately equal size.

The emphysema in the cranial lobes was difficult to classify as the
lobules in the horse are poorly demarcated., Sometimes it had a centrilobular
appeairance but generally was unclassifiable, In the edge of the caudal lobe
small emphysematous bullae were sometimes seen. In one case, 14, the

emphysema was associated with fibrosis (Figure 41).

When the lung of 12 was sliced it was apparent that a cylindrical

bronchiectasis was present throughout the lung at all levels (Figure 42). This

had not been noticed at necropsy nor at subsequent histological examination.

The bronchial epithelium had a normal histological appearance.,

As has already been stated the interlobular septa in the equine lung are
sparse, incomplete and poorly deveiOpe . However, it was interesting to note
from observation of the slices that the areas affected by emphysema, the
cranial lobe and periphery of the caudal lobe, were also the areas where intes-

lobular septa appeared most frequent and complete (Figures 43 and 44).

Transmission electron MiCroscopy

For various reasons a detailed ultrastructural study of the equine brcnchial
and bronchiolar epithelium was not possible. As far as could be ascertained

the basic cellular structure of the bronchial walls was identical to that found

in other mammals (Breeze and Wheeldon 1977) and no difference could be found
between the ultrastructure of bronchi of normal horses and those with CPD.
However in the bronchioles marked differences were apparent and these refiscted
the changes iound on light micro ‘sopy. The epithelium of bxnchioles frcm
normal horses was one cell déep and consisted almost exclusively of ciliated
cells and nonciliated bronchiclar secretory cells (Clara cells) (Figure 45).

Whereas the bronchiolar epithelium of horses with CPD was several cells deep

and contained goblet cells in addition to ciliated cells and nonciliated
bronchiolar secretory cells (Figure 46). The impression was gained that the
goblet cells were present at the expense of thenonciliated bronchiolar secretory
cells althougn nonciliated bronchiolar secretory celis were still seen., Not
enough material was examined to confirm this quantitativelv. 'This new
population c¢I goblet cells had the typical appearance of mammalian goblet cells

Y

as reviewed by Breeze and Wheeldon (1977). The nucleus was oval, basal and

sometimes obscured by granules. These cytopiasmic granules were numerous,



of uneven size and density (Figure 46) and gave the cell its characteristic

flask or goblet shape. Discharging goblet cells were commonly seen and

discharge seemed to be of two different types. Sometimes the cytoplasm was

homogeneous as jfall the granules had disintegrated, the apical membrane was

missing and the contents were being extruded into the lumen (Figure 47), This
type of goblet cell discharge was said to be uncommon in other mammalian
species (Breeze and Wheeldon 1977) where apocrine secretion of intact granules
through apical peres is the usual method of discharge. This type of secretion
was also seen in these equine bronéhio es and the two forms of secretion
occurred in the same specimens. The intact goblet cell cytoplasm contained

mitochondria and rough endoplasmic reticulum sometimes in large amounts

reflecting the activity of these cells.

The hyperplastic epithelium had a well-ordered appearance with normai

cell junctions and no bizarre cells being present. Intermediate cells and basal

cells were found and the epithelium had the appearance of an actively secreting

normal bronchial epithelium. Mast cells and eosinophils were found amongst

the epithéial cells and in the lamina propria of those cases showing hyperplasia
of these cells histologically. Neutrophils and lymphocytes were a2 more comxon

finding particularly in the lamina propria (Figures 48 and 49).

The nonciliated bronchiolar secretory cells had the same appearance as

those seen in other mammals (Breeze and Wheeldon 1977) except that the

nucleus was more often spherical than deeply inv.aginated as reported by other

workers in various species. The cells were tall, projecting above the ciliated
cells and were also much wider than these cells so that the ciliated cells often
had a rather spindly squashed appearance. The apical cytoplasm formed =
rounded "bleb” and short microvilli with rounded tips projected from the apical
cellular membrane, The apical cytoplasm contained numerous mitochondria
and an abundant smooth endoplasmic reticulum. The mitochondria in this part
of the cell were rounded and sometimes did not contain cristae (Figure 50).
Further down the cell they had a more normal appearance being elongated and
containing visible cristae. It has been suggested that the bronchiolar secretery
cells provide some kind of surface-active laver in the bronchioles {Breeze and

Wheeldon 1977) and a thin hypophase in which the cilia may beat normally. It

would be interesting to know what sort of eifects a change in the secretion to

one that is more mucoid has on the action of the cilia.
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Scanning electron microscopy

Three animals with CPD, 34, 58 and 42 were used in this study and a
comparison was made with several normal equine lungs. The main purpose ci

the study was to examine the changes occurring in the alveoli of the cranial lobe.

By locking at different areas of the lobe in these animals it was possible to build
up a sequential order of events in tiie deveiopment of emphysema. 'The alveoli

of the normal equine lung are regular in size and have only a few small alveolar

pores of Kohn per alveolar wall(Figures 51 and 52). The first change to occur in
the lungs of horses with CPD was that the pores became larger and apparently
more numerous (Figures 53 and 54) and at the same time the alveoli became
enlarged although at this stage they still maintained a more or less regular
appearance and there was no destruction of alveolar wails. A Ifurther develop-
ment seen around this time was that the alveclar macrophages were more
numerous, often occurring adjacent to the enlarged pores and "plagues”
were also seen in the alveoli (Figuve 55). 'This latter structure has been

observed before in SEM of emphysermatous herse lung (Noweli, Gillespie and

Tyler 1971) and its significance is not knovm. Later on in the process alvolar

wall destruction occurs and the pores of Kchn enlarge stiil further. These two

changes combine to give the lung an open, irregular almost lacy appearance
(Figure 56). The final stages are depicted in Figures 57 and 58 where very
little normal alveolar wall remained aund large fenestrae were frequent—

supported by thin trabeculae of tissue.

Nowell, Gillespie and Tyler (1971) in their studies cn emphysematous

horse lungs with the SEM could find no changes in the ceils of the pulmonary
airways of horses with CPD when compared tc normal horses although the
terminal bronchioles were partially destroved in the areas of emphyvsematous
change., Similarly in the three horses that were examined for this study it

was difficult to correlate exactly the changes seen on light microscopy and TEM

with the appearance of the airways on SEM,

-

The bronchial epithelium in the ncermal horse lung when viewed under the
SEM is shown in Figures59 and 6C. The cilia can be clearly seen projecting
above the general level of the cells arranged in dense, regular waves.
-Individual cells can be seen projecting through this ciliary layer and these are

presumably goblet cells. The appcarance of the bronchi in the horses with
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CPD was identical as it was in the other microscopical studies, Generally
the mucous blanket is swept off the airways during the processing of the tissue

but occasionally areas of mucus are left undisturbed. The appearance of this

mucus is depicted in Figures 6! and 62. Various cell types are caught up in a

mesh of irregular haphazard strands of mucus.

The bronchioles of the normal horse present a totally different appeararnce
(Figures 63 and 64). Here, the predominant cell type is the bronchiclar
“secretory cell the apices of which project up in rounded processes irom the main
level of the epithelium. These larger cells are surrounded by a