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SUMMARY

This thesis describes the results of a series of experimental
studies of the life-cycle and pathogenic effects of one of the most

comnon helminths of the foal, Parascaris equorum.

The investigations showed that the larvae of P, equorum migrate
through the liver and the lungs before returning to the predilection
site in the cranial part of the small intestine, 2 to & weeks after
infection. In feals under one month of age a high percentage of the
infective dose completed this migration, tregardless of the magnitude
of the infection and subsequently the worms grew rapidly in the
intestinal lumen. Fellowing a small infection (160 eggs) most of the
parasites developed to maturity during the ensuing 2 months, whereas
after a large infection (8,000 eggs) there was an expulsion of worms
in the faeces from the seventh weex onwards, resulting in a progressive
decrease in the number of worms present in the small intestine.

The studies on the pathogenesis of P. equorum infection in young
foals showed that the pulmonary migration was accompanied by mild
respiratory signs of coughing and a nasal discharge. During the later
stages of infection the development of substantial numbers of ascarids
in the intestinal lumen was associated with unthriftiness and poor
weight gains.

Histological examination of the liver revealed the presence of
an infiltration of eosinophils and lymphocytes and a fibrotic reaction
around the portal triads, but there was no indication of any impairment

of hepatic function in these experiments. 1In the lungs a cellular



infiltration, consisting primarily of ecsinophils which were later
replaced by lymphocytes, was particularly marked around the small
blood vessels and airways. An increasing number of raised, spherical,
lymphocytic nodules developed during the fourth to sixth weeks, a few
of which were still evident several menths later.

The only significant haematological change was the development
of a circulating eosinephilia 3 to 5 weeks after infection, which
corresponded to the periods of hepatic and pulmonary eosinophilia.
Alterations in the serum protein levels were not recorded.

After studying the effects of P. equorum infection in young foals,
further experiments were designed to investigate the development of
immunity to this parasite. Experimental infections of worm-free and
naturally reared foals, aged 6 to 12 months, showed that, compared
with the younger animals, only a small number of larvae returned to
the gastrointestinal tract but the hepatic and pulmonary lesions were
.increased in number and severity. The findings were identical in the
worm-free and naturally reared groups and suggested the development of
an age~dependent immune reaction operating at the level of the
parenchymatous organs. Although the respiratory syndrome was more
severs in the older animals, unthriftiness was not a feature due to
the reduced number of worms present in the small intestine.

The prepatent periods ranged from 80 to 104 days, but the length
of the prepatent period could not be correlated with either the age
of the foal or the magnitude of the infection. In foals over 6 months
of age patent infections occurred less frequently and the faecal egg

counts tended to remain low.



GENERAIL, INTRODUCTION

Horses may be infected by many species of gastrointestineal
nematodes but research in the field of equine helminthology has
been limited by the practical and financial problems involved in
rearing womrm-free foals. Over the past ten years, however, there
have been advances in the knowledge of the various strongvle
species in the horse. In particular the life cycles and

pathogenicity of the two common large strongyles Strongylus edentatus

(McCraw and Slocombe, 1974) and Strongylus vulgaris (Duncan and

Pirie, 1975) have been investigated, and the epidemiology of horse

. strongyle infection has been discussed by Ogbourne and Duncan (1977).
There are other nematode parasites of the horse, howavér, about
which little information is available, including the large roundworm,

Parascaris equorum.

In recent years the number of horses and pcnies kept for
pleasure purposes has increased dramatically, but there has not
been a comparable increase in the pasture available for maintenance
of these animals. The development of helminthiasis has been
favoured by the high stocking densities in small fields and
paddocks and consequently there is an increasing demand for the
veterinary surgeon to provide information and advice on the

effective control of these infections.



REVIEW OF THE LITERATURE

Surveys in various parts of the world have shown that
P. equorum is a ubiquitous parasite in the equine population and
that the incidence of patent infections decreases with age
(Table 1)},

The first large-scale survey of the incidence of the common
nematode parasites of the horse in the United Kingdom was published
by Poynter in 1970. He examined over 16,000 faecal samples from
3,227 horses of different ages and found an overall incidence of
27.L% for P. equorum. A breakdown of his results, however, showed
. a negative correlation with age, the incidence falling from 58.3%
in foals to 10.4% in 4 year-olds. Earlier work by Ruséell {1948)
on the development of helminth infections in foals from 7 English
studs showed that all of the foals developed patent P. equorum
infections between 9 and 16 weeks of age, usually at 12 to 13
weeks. The ascarid faecal egg count then rose rapidly to reach
a peak at 16 to 18 weeks after which there was a steady decline
and many foals ceased to pass eggs from 6 months onwards. Russell
(1948) was unable to detect the presence of ascarid eggs in the
fagces of mares and she concluded that infection was maintained

on a stud by the foals and yearlings.



Author Geographical Incidence of P. equorum
Location Infection
per cent age range
positive
de Jesus & Philippines 15.96 all ages
Uichanco 26.82 {2 years
(1939} 14 .94 3-7 years
12.28 8-12 years
Antipin U.SeS.R. 5985 {1 year
(1940) 39~55 1.2 years
Hadley Visconsin 76 ages not
(1943) specified
Russell U.K. 100 <6 months
(1948)
Egyed & Hungary 15 all ages
Hollo ' 50-60 foals
(1956)
Langenegger, Rio de Janeiro 25 1-5 years
Matzmoros & State k.5 5=12 years
Urbina 0 »>12 years
(1967)
Poynter U.K. 27.4 2]l ages
(1970) 58.3 foals
36.8 1 year
20.3 2 years
19.8 3 years
10.4 4L years
O'Nuallain Eire 38 all ages
(1973)
Tolobaev U.S.S.R. 82 {1 year
(1975)
TABLE 1 Surveys recording the incidence of P. squorum

infection.




Field studies in other parts of the worid have supported the
findings of Poynter (1970) and Russell (1948) regarding the
prevalence of infection. OfNuallain (1973) recorded an overall
incidence of g;_pquorum infection in Eire of 38%, while in
Switzerland, Eckert (1973) quoted a figure of 25% in horses of all
ages with an increased prevalence of 65% in young animals.

Egyed and Hollo (1956} undertook faecal examinations of
16,000 horses on state-~owmed farms near Budapest and found that
15% of these animals had ascariasis, although the incidence in
foals was estimated to be between 50 to 60%. More recently Varga
(1973) stated that parascariasis was frequently diagnosed in

-Hungary and affected predominantly young horses.

In North America Hadley (1943) examined 71 horses of unrecorded
ages on a single stud in Wisconsin and found that 76% harboured
ascarids. A later survey of ranches in Ric de Janeiro State
(Langenegger, Matamoros and Urbina, 1967), in which fthe animals
were divided into three age groups, recorded an incidence of 25%
at 1-5 years, falling to 0% in horses over 12 vears. In the
Philippines 15.96% of all horses were infected with P. equorum
(de Jesus and Uichanco, 1939), but again there was a negative
correlation with the age of the host.

Antipin (1940) investigated the incidence of parascariasis
in animals maintained under various systems of management and in
different geographical areas in Russia. In foals he found an
infection rate of 59.85%, while in older animals (1-2 vears old)
the range was 35-56%. Also in the U.S.S.R. Tolobgev (1975) noted
a cyclic pattern with a decreased incidence in thé'spring in all
.groups followed by a rise during the winter months to reach the

highest values in December.



All species of equidae are =zusceptible to P. equorum infection.
Rashek (196L) reported the occurrence of ascariasis‘in the Asiatic
wild ass on the Barsa-Kelmes Island in the Aral Sea, whilst in a
study of infection in 19 tarpans near Bialowieze, Poland, Kondak
(1964) noted that ascarid egg produciion was independent of season
but decreased with age. -In 1959 necropsy examination of an adult
zebra, which had lived in a Glasgow Zoo for several years, revealed
the presence of over 700 P. equorum (Dunn; personal communication).

The life cycle of P. equorum has received little attention.
The infective egg hatches only after ingestion by a suitable host.
There is evidence (Hadwen, 1925; Lyons, Drudge and Tolliver, 1976)
that the larvae migraﬁe through the body tissues before eventually
returning to their predilection site in the small intestine.
Hadwen (1925) described degeneration of liver cells, which he
suggested was due to ascarid migration; but no attempt was made to
recover parasites from this site. The same author found larvae
approximately 2 mm long in the air passages of the lungs and also
in the duodenum 20 days after primary experimental infection with
P. equoruri, but on day 54 larvae could only be recovered from the
small intestine. More recently Lyons et al. (1976) have used
monospecific parasitic infections to assess the efficiency of
various anthelmintics. TFourteen days after a single ascarid
infection they found larvae in the lungs only, whereas by day 17
few larvae remained in this site, the majority having returned to
the intestinal tract. On both occasions the larvae were
approximately 2 mm long.

A hepatic-tracheal migration of parasitic larvae has been

demonstrated in other ascaridoid species such as Ascaris suum

(Douvres, Tromba and Malakatis, 1969) and a similar 1ife cycle has



been atiributed to P. equorum (Drudge and Lyons, 1977} despite the
lack of supportive experimental work.

The length of the prepatent period of P. eguoruum, determined
by the first appearance of ascarid eggs in the faeces, is variable.
Following monospecific infection Lyons et al. (1976) reported the
development of patency in 72-~110 days; whilst Bello, Amborski,
Torbert and Greer (1973} found that 3 out of 10 foals already had
ascarid eggs in the faeces when first examined 8L days after
experimental infection and the remainder had become positive by day
105. After infection of a single worm-free donkey foal patency
developed in 81 days (Wetzel and Enigk, 1938).

Under field conditions the average age at which ascarid eggs
appeared in foals faeces was found to be 101 days (Antipin, 1940),
84 to 91 days (Russell, 1948), 77 to 98 days (Todd, Hanson, Kelley,
Wyant and Hull; 1949), and 98 days (Poynter, 1970). If the pre-~
patent period is taken to be 72 to 110 days, then infection must
occur soon after birth. One possible method of transmission dgring
the perinatal period is through the dam's colostrum or milk, as in

the related species Toxocara cati in cats (Swerczek, Nielsen and

Helmboldt, 1971) and Toxocara vitulorum in cattle (Warren, 1971).

The only equine parasite known to be transmitted in the milk is

Strongyloides westeri (Enigk, Dey-Hazra and Batke, 197L4).

Ascarid eggs have occasionally been found in the faeces of
foals which were too young to have acquired patent infections after
birth (Salisbury, Baker and Britton, 1940; Russell, 1948). A
possible explanation for this was suggested by the work of Anschau
and Exmer (1953), who fed adult P. equorum to foals, then recovered
ascarid ova from the faeces from 4 to L8 hours later. Young foals

frequently indulge in the habit of coprophagia (Francis-Smith and



Wood-Gush, 1977) and if, during this activity, they ingest immature
ascarid eggs, which are unable to respond to the usual hatching
gtimuli, fhen these eggs may appear unchanged, in the faecces.

The possibility of prenatal infection in the foal has been
sﬁggested by Salisbury et _al. (1940), Russeil (1948) and Wiltshire
(1954). It is well known, for example, that the larvae of Toxocara
Eiﬂii migrate from the tissues of the bitch to the foetal lungs
during the sixth week of pregnancy, leading to a shorter prepatent
period than that observed in pups infected by ingestion (Yutuc,
1954). To investigate whether prenatal infection with P. equorum
occurred in the horse Matousek (1937), Enigk (1951) and Poynter
(1970) examined the body organs of a total of 37 equine foetuses
and neonates, but no evidence of prenatal parasitic infection was
found.

The length of time for which patent P. equorum infections are
maintained in young animals is variagle, aind, as previously mentioned,
the tendency is for the incidence to decrease with age. Lyons et al.
(1976), for example, recorded egg production for 35 days in an
experimentally infected yearling and for 119 days in a 5 month-old
foal. In foals reared naturally Bello et al. (1973) found that
excretion of ascarid eggs tended to disappear around & months of age.

The infrequency of parascariasis in older horses together
with the failure of Wetzel and Enigk (1938) and Antipin and
Stepanova (1948) to establish patent infections in mature animals
reared under natural conditions suggested the presence of an age
or acquired immunity. Although age, per se, may confer immunity
there have been no repcrts of experimental infections in mature
worm-free animals and it is, therefore, impossible to exclude the

possibility that an acgquired immunity develops following infection,

which is widespread amongst foals.



Unlike the strongyloids which have a free-living preparasitic
stage able to migrate away from the dung pats, the infective stage
of the ascaridoids is the eqg containing a larva which is unable to
spread by active means. Compensatory mechanisms inciude firstly,
the fecundity of the adult worm, secondly, the ability of the egg to
survive for many years due to the protective lipid and chitinous
layers of the shell and thirdly, the adhesive properties of the

!
outer proteinaceous layer of the egg shell (Fairbairn, 1957).
Russell (1948) found that infection of foals was equally prevalent
" under the different svstems of management on the 7 studs in her
survey, while Hadwen (1925) felt that infection was more readily
acquired by foals maintained indoors. Antipin (1640}, in an
extensive study of the épidemiology of parascariasis, concluded
that the major source of infection for the foal was the stable, and
of lesser importance were the grazing areas.

In field cases of parascariasis there have been several reports
of deaths due to intestinal impaction, with or without subsequent
rupture and peritonitis (Lebailly and Cadilliac, 1957; Wiltshire,
19543 Rylands, 1971; Orr, 1972). Drudge and Lyons (1977) felt that
intestinal rupture was the primary danger, but that this was not
necessarily reiated to the number of worms. These authors also
noted a seasonal incidence, in that fatal cases occurred in the
fall or early winter, with the number of cases varying from yvear to
year. Under experimental conditions, Bello st al. (1973) infected
worm-free foals with 5,000 P. equorum eggs as part of an anthelmintic
trial and found that 2 out of 5 untreated controls died between 14
and 18 weeks after infection.

Rylands (1971} and Orr (1972) each recorded a case in which a
foal died within 24 hours of the onset of an acute illness énd was

found, at post mortem examination, to have an intestinal perforation

=



associated with the presence of ascarids. Lebailly and Cadillac
(1957) al=mo described a fatal case of septic peritonitis following
rupture of the small intestine with two P. equorum encysted in the
mesentery. In their discussion these authors quoted Carpentier
(1939) who had reported 23 cases of intestinal rupture due to
P. equorum, whilst Wiltshire (1954) recalled at least one death each
year due to intestinal impaction by masses of ascarids.

| There have been few observations of the clinical signs
associated with monospecific P. equorum infections. Wetzel and Enigk
(1938) noted sporadic coughing from 10 to 18 days after infection of
a donkey foal, while Bello et al. (1973) recorded increasing weakness
in their foals as the infections developed and became patent. In
Russia massive challenge infections of P. equorum in foals with pre=-
existing helminth burdens, resulted in pyrexia and coughing during
the "acute phase" of the disease followed by emaciation and retarded
development during the later stages (Antipin and Stepanova, 1948;
Chebotar'ov, 1950; Ryazantsev, 1956). These authors also described
enteritis, abdominal pain and nervous disturbances, which they
attributed to the presence of ascarids in the small intestine.

From his experiences in practice, Wiltshire (1954) described
parascariasis as a debilitating disease, causing lung damage and a
slight cough and Russell (1948) stated that the presence of a cough
and a sticky nasal discharge at weaning time was often attributed, by
the owners, to parascariasis. Although difficult to understand it
has been suggested that the masses of P. equorum recovered from the
small intestine at necropsy of a mare may have been responsible for
bouts of epilepsy (McBarron, 1948). -

The gross and histopathological changes following larval
migration through the body tissues are poorly described. Hadwen

(1925) observed a granular degeneration of the hepatic cells with

8



grouping of eosinophils beneath Glisson's capsule and around the
blood vessels, which led to the suggestion that larvae travelled
through the connective tissue adjacent to the vessels. In the lungs
the same author recorded hepatisation in the cranial lobes, oedema
of the pulmonary tissue and the presence of many small, white nodules
beneath the pleura. In the small intestine Hadwen (1225) found large
amounts of white mucus associated wiﬁh the presence of many P. equorum.
During a study of the treatment of parascariasis, ﬁyazantsev (1956)
noted the occurrence of sites of atelectasis in the lungs and the
presence cf haemorrhagic feci in the intestine with profuse discharge
of mucus.

Several workers have described the haematological changes which
follow experimental P. equorum infection. A fall in the total red
cell count and haemoglobin values were seen by Antipin and Stevanova
(1948) and Ryazantsev (1956), whilst Clebotar'ov (1950) found no
significant changes in these parameters. Alterations in the total
white cell count have been reported by Antipin and Stepanova (1948)
and Ryazantsev (1956), who found a leucocytosis, whilst Chebotar'ov
(1950) noted leucopaenia. Despite this, all of these workers recorded
similar changes in the differential white cell count invelving
" neutropaenia and a relative lymphocytosis. A circulating eosinophilia,
which is a feature of the migratory phase of many helminth infections
(Pick and Turk, 1972), has been recorded in P. equorum infecticns by
Hadwen (1925}, Antipin and Stepanova (1948), Chebotar'ov (1950) and

Ryazantsev (1956).



MATERIALS AND METHODS

A. EXPERIMENTAL ANIMALS

(1) Stabling facilities

The experimental animals were housed in a unit of ten brick-
built loose boxes with a common‘airmspace. Prior to the start of
the foaling season, the stables were thoroughly disinfected with
5% 1lysol. Nevenic (1552) has shown this to be lethal to Parascaris
equorum eggs. Whilst the boxes were in use they were cleaned out
daily and hosed weekly with a high-pressure steam washer (Warwick
5000S, Warwick Pump & Engineering Co., Oxford, England).

(2) Production and maintenance of worm=free foals

Cross~bred pony mares were brought indeors to foal in clean
loose boxes that had been disinfected and maintained in the manner
described above. The mares were treated on admission and thereafter
every 14 days with pyrantel embonate (Strongid-P Granules, Pfizer Ltd.,
Sandwich, Kent), at a rate of 19 mg/Kg to prevent contamination of
the stables with parasite eggs.

The foals were weaned at 6 to 8 wesks of age, then housed in
pairs in clean loose boxes. They were offered a diet of good quality
hay ad libitum, plus a concentrate ration of proprietary stud cubes
(Spillers Stud Cubes, London, England) and milk pellets {(Equivite
Milk Pellets, Beecham Animal Health Products, Glasgéw, Scotland).

(3) Naturally infected foals

Pony mares foaled cut of doors in a 2 acre paddock which had

been grazed by ponies of all ages for several years. Foals reared

10



in this paddock in previous years were known to have acquired heavy

ascarid and strongyle worm burdens.

B. PARASYITOLOGICAL TRHCHNIQUES

(1) Culture of infective P. equorum eggs

Mature female P. equorum worms were collected from the small
intestines of naturally infected ponies inmediately after death and
placed in warm saline at 37°C for 24 hours. The eggs produced by
these worms ware collecied, mixed with silver sand in petri dishes
and incubated at 2?00 for 10 days. The sand containing the eggs was
then covered with a filter paper sosked in 3% copper sulphate to
prevent fungal contamination and stored at 4°c. The eggs were
. harvested by adding 0.1% lissapol ssolution to the petri dishes and
then collecting the supernatant after sedimentation to remove the
sand. This procedure was repeated, and the eggs recovered were
examined microscopically to confirm that a high percentage contained
larvae. Only those batches of eggs in which over 60% of the eggs
were larvated were retained for use.

Infective doses were prepared by dilution from a single batch
of eggs and made up to 30 ml using 0.1% lissapol.

(2) Administration of infective doges

The animals were restrained by two assiztants to allow the
passage of a polythene stomach tube (Portex Ltd., Hythe, Kent,
England). The infective dose was poured inte this tube then flushed
through with water.

(3) Gross examination of faeces for the presence of parasites

Total daily faecal collections were made by bedding the foals
on clean shavings or sawdust and removing the droppings twice daily.
‘The faecal balls were crumbled manually when the worms could be seen

and picked out.

11



(4) Faecal egg count

Faccal samples were cellected from the rectum and examinéd by
a modified McMaster technique {Gordon & Whitlock, 1539). in this
method 3 g of faeces were homogenised in 42 ml water, passed through
-a 100 mesh sieve, and the filtrate collected. A 15 ml flat-bottomed
test tube was filled with the wellemixed filtrate then spun in a
centrifuge at 2,000 r.pe.m. for 2 minutes. The supernatant wvas
poured off, the sediment agitated and the tube filled to the previous
level with saturated salt (NaCl) solution. The tube was inverted six
times and sufficient fluid removed in a pipette to fill both chambers
of a McMaster slide. As the eggs rise rapidly in the flotation fluid,
the pipetting must be accomplished rapidly. The nuuber of eggs in
both chambers of the McMaster slide was multiplied by 50 to give the
count in eggs per gram (e.p.g.) of faeces.

(5) Recovery of parasites from the liver

Portions of liver were taken from all lobes to 25% of the total
weight of the organ. The blocks were minced in a Kenwood Mixer KNM.1
(Peerless & Ericsson, Birmingham, England), wrapped in a double layer
of gauze and suspended in a large funnel filled with water. This
apparatus was maintained at 37°C for two hours, then 50 ml ﬁeré drawn
from the funnel and concentrated by centrifugation at 1,500 r.p.m.
for 3 minutes. The sediment was examined microscopically, any larvae
being collected and preserved.

(6) Recovery of parasites from the lungs

(a) From the parenchyma

Blocks of tissue were taken from all lobes of one lung to 25%
of the total lung weight. This tissue was treaté& as described above
for the liver.

(b) From the airways

The airways of the second lung were opened by cutting along the

iz



bronchi with scissors. The lung was floated with the cut surface
doﬁn for 12 hours in a bucket of warm saline, after which the £issue
was removed and the supernatant syphoned off. The remainder was
spun in & centrifuge at 1,500 r.pe.me. for 3 minutes and the sediment
éxamined microscopically for the presence of larvae.

(7) Recovery of parasites from the gastrointestinal tract

The entire gastrecintestinal tract was removed and ligatures
applied to allow the contents of the stomach, small intestine, caecum
and colon to be collected separately.

Each organ was opened along its length, the contents emptied out
and the mucosa rinsed clean with water. At this stage any large
- parasites were picked out and preserved. The entire contents of the
small intestine and aliquots cf the contents of the stomach, caecum
and colon were then fixed in 10% formaldehyde and 20% of the total
volume from each organ was examined microscopically for the presence
of small parasites.

(8) Recovery of parasites from tracheal washings

The tracheal washings were collected using a flexible
fiberendoscope and placed in sterile bottles. The samples were
examined microscopically on the day of collection.

(9) Preservation of parasites

Parasites recovered from the liver, lungs and gastroeintestinal
tract were prepared in an ascending series of alcohol. Small
specimens were mounted in neutral glycerine jelly and the larger
worms stored in glycerine alcohol.

(10) Measurement of parasites

Large parasites (> 1 cm long) were measured with a perspex
- ruler. Smaller larvae were measured microscopically with the aid

of a measuring eye-piece.
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C. CLINICAL EXAMINATIONS

Clinical examinations were performed at 9.00 a.m. each day.
Rectal temperatures were taken using a clinical thermometer
calibratedAin degrees fahrenheit. These readings were converted to
the centigrade scale. The external nares were examined for the
presence of a nasal discharge and the induction of a cough by
pinching the trachea was taken as evidence of tracheal irritation.
The lung fields were auscultated with a stethoscope and in some
cases the respiratory rate was measured, but in most feals this
proved difficult as any form of restraint caused an increase in
heart and respiratory rates and when loose in the stable the foals
seldom stood still long enough for the respirations tc be counted.

The animals were observed for prolonged periods each day during
which the appetite, general demeanour and frequency of spontaneous
coughing of individual foals were monitored, together with the
development of any other clinical signs.

Body weights were measured using a Gascoigne calf weighing

machine (Precision Weighers, Reading, England).

D. ANCILLARY AIDS TO CLINICAL EXAMINATION

(1) Endoscopy

Endoscopic examinations of the trachea and bronchial tree were
performed using a flexible fiberendoscope, which allowed detailed
visual and photographic records of the respiratory passageways to
be taken. During the early experiments the fiberendoscope used
{Colonoscope, Olympus CF Type LB2, Keymed, Southend, England) had
an external diameter of 14 mm which necessitated its introduction
via the oral pharynx under general anaesthesia. TFor this purpose
anaesthesia was induced using 5% Methohexitone Sodium (Brietal

Sodium Veterinary, Elanco Products Ltd., London, England)
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intravenously at a rate of 10 mg/Kge After induction the animals
were intubated and stabilised on a halothane (Fluothane, I.C.I. Ltd.,
Pharmaceuticals Division, Macclesfield, England) and.cxygen mixture
until a steady state of anaesthesia was attained. The endotracheal
tube was then withdrawn and the endoscope passed via the oral
pharynx into the trachea and as far into the bronchial tree as its
diameter would allow.

For the later experiments a smaller diameter fiberendoscope
(Paediatric gastroscope, Olympus GIF Type P2, Keymed, Scuthend,
Fngland) was available, which could be passed via the ventral nasal
meatus. In this case the foals were tranquillised with Acepromazine
Maleate (Acetylpromazine Injection 10 mg/ml, C~-VET Ltd., Braintree,
England) at a rate of 0.l mg/Kg intravenously and restrained in the
standing position.

{2) Tracheal washings

Tracheal washings were collected by means of a canula iuserted
through the endoscope. The endoscope was passed to the level of
the thoracic inlet then 20 to 30 ml of sterile saline injectad
through the plastic tube. The washings were sucked into a syringe
and emptied into sterile bottles for parasitological examination or
into EDTA tubes for cytology.

(3) Radiography

Lateral thoracic radiographs were taken in the standing
position with an Elema-Schonander Triplex Optimatic 1023 (Elema~-
Schonander, Stockholm, Sweden) unit. Kodak-Omat H film (Kodak Ltd.,
London, England) was used with high speed calcium iungstate screens
(Siemens Special Screens, Sicmens Akﬁengesellsch;;é Medical Division,

Erlangen, Germany). The exposure factors were approximately 16 mAs

and 70 Kv, but varied slightly in different animals.



E. - POST~MORTEM EXAMINATION

(1) Euthanasia and routine posti-mortem axamination

Young foals were killed by an intravenous injection of
Pentobarbitone Sodium (Euthatal, May & Baker Ltd., Dagenham, England)
ét a rate of 15 mg/kg. Larger animals were shot using a humane
killer then bled out. A routine post-mortem examination of the
cafcase and viscera was performed and any organh showing evidence
of gross pathological change was photographed before taking blocks
of tissue for histological preparation. .

(2) Special post~mortem techniques

In all cases the respiratory and digestive systems, including
the liver, were remocved intact and examined in detail.
(a) Liver

The liver was examined superficially and after making a series
of incigions into the parenchyma. Tissue blocks were taken at
random from all parts of the liver and in addition selected blocks
were taken from areas showing gross pathological changes.

(b) Respiratory system

The lungs were examined both visually and by palpation. The
number, size and distribution of any superficial lesions were noted
before making incisions into the substance of one lung to examine
the pulmonary parenchyma and airways. Tissue blocks for histological
examination were taken from all lobes of the lungs, béth from areas
of pathological change and from areas of apparently nonmai lung
tissue, and also from the mediastinal lymph nodes.

The trachea was opened by cutting along the tracheal membrane
when the pressnce of an exudate or changes of the mucosa could be

. 8€ene.
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(c)  Gastrointestinal tract

The seyosal surface of the entire gastrointestinal tract was
examined before the application of ligatures to allow the contents
of each part of the tract to bhe cellected separately. After emptying
and washing out the intestinal contents the mucosal surface was
ohserved and tissue blocks taken from the small intestine only at
1 &etre intervals.

The associated lymph nodes were examined both greassly and

histologically.

F. PATHOLOGICAL, TECHNIQULS

Samples of tissue were taken for histological examination both
from areas showing gross pathological changes and also from
apparently nomal areas of the liver, lungs and small intestinee.

The tissue was fixed in Carnoy's fluid (absclute alcohol,
chloroform and glacial acetic acid), 10% formol saline or corrosive
formol, and then dehydrated and cleared in a double embedding series
and finally embedded in paraffin wax under a vacuwa. Sections, cut
at 6 um, were stained with haematoxylin and eosin and in addition
selected sectiions were stained with carbol cﬁromatrope, astra blue-
gsafranin,toluidene biue and Martius scarlet blue.

Tracheal waghings for cyteclogical examination were collected
into EDTA bottles. A thin smear was made on a glass slide, dried
in air, then fixed in absclute alcohel for 10 minutes. All smears
were stained with haematoxylin and eosin and selected smears were

stained with alcian blue=PAS and carbol chromatrope.

G. HAEMATOLOGICAL AND BIOCHEMICAL TECHNIQUES

(1) Collection and storage of samples

Foals were bled from the jugular vein into sterile vacutainers

(Becton~Dickinson, Rutherford, New Jersey, U.S.A.}. Heparin was
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used as anti-coagulant for haematological estimations, which were
performed within a few hours of collection of samples.

For estimations requiring serum, 10 ml of blood was drawn into
'a plain vacutainer and left to stand for several hours {o allow the
formation of a fimm clot. The serum which had separated was pipetted
into plasgtic tubeg, frozen and stored at -5%.

All parameters were either measured in, or the results
converted into, SI units.

(2) Packed Cell Volume {PCV)

The packed cell volume was detemmined by the microhacmatocrit
method. The heparinised blood sample was agitated gently before
£illing 2 capillary tubes, which were sealed by heat at one end.
The tubes were spun for 6 minutes in a microhaematocrit centrifuge
(Hawksley & Sons Ltd., London, England), the percentage PCV
determined from the scale on a Hawksley Microhaematocrit Reader and
converted to a 1/1 ratio.

(3) Haemoglobin concentration (Hb)

The oxyhaemoglobin method (Dacie & Lewis, 1966) was used for
the estimation of haemoglobin concentration. Heparinised blood was
diluted 1 in 200 in 0.04% ammonium hydroxide and mixed thoroughly to
form a solution of oxyhaemoglobin, which was read in a colorimeter
(Evans Electroselenium Ltd., Harlow, England) using a yellow green
filter (Ilford No. 625). A standard cyamnmethaemoglobin solution
(C. Davis Keeler Ltd., London, England) was used to calibrate the

colorimeter and the resulis were expressed in gramz per decilitre

(g/ai).

Eail L
S

(&) Total red and vhite blood cell counts {(EBCs, WBCs)

An electronic particle counter {(Coulter Model "D", Coulter
Industrial Sales Co., Elmhurst, Illinois, U.S.A.) was used to
determine the total red blood cell count (x 1012/1) and total
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white blood cell count (x 107/1).

(5) Differential white blood cell counts

Differential white cell counts were carried out on smears made
from heparinised blood samples, fixed in methyl alcohol and stained
with a 1 in 10 solution of Geimsa's stain R66 (G.T. Gurr, London,
England) for 20 minutes: A minimum of 200 cells per slide were
counted from an area between the centre and the edge of the smear.
The various classes of leucocytes were then expressed as a percentage
of the total number of cells counted.

(6) 7Total serum protein concentration

Total serum protein concentration was estimated by the biuret
method of Weichselbaum (19L6G).

(7) Serum protein fractionation

The serum protein fractions were separated by electrophoresis
on cellulose acetate strips (Oxoid Ltd., London, England), which were
soaked in barbitone buffer (pH 8.6), blotted lightly to remove excess
buffer and supported in an electrophoresis tank (Shandon Scientific
Co., London, England). A micro-pipette was used to apply 0.003 ml
serum & cm from the cathode end of the strip. A Vokam power pack
(Sbandon Scientific Co., London, England), provided a constant
voltaye of 150 volts for one hour after which the strips were removed
and Gried in a hot air oven (80-100°C) for 10 minutes to "fix" the
proteins. The strips were stained in 0.2% Ponceau S (G.T. Gurr Ltd.,
London, England) in 3% trichloracetic acid for 5 minutes, then washed
in 5% acetic acid until the background was white. The strips were
evaluated automatically as described by Neill (1963) using a Chromoscan
recording densitometer (Joyce loebl & Co. Ltd., Gateshead, England).

The results were expressed in grams per litre (g/1).
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(8) Nommotest

5 ml blood samples were mixed with EDTA in stérile tubes and
the PCV measured by the haematocrit method. The samples were then
posted to the Equine Research Station, Balaton Lodge, Newmarket,
where Ms E. Abboit performned the Noimotest estimations using the
method described by Allen and Archer (1972). These workers have
shown that a delay of 5 days and 2 postings did not change the
results significantly.

Briefly, 250 pl of Normotest reagent (BDH Chemicals Lid.,
Poole, Dorset) was placed in a plastic test tube in a water bath
at 37.5°C. 5 ml of whole blood was added and, after the first 20
seconds, the tube was tilted every second eor so until a clot formed.
The time was measured from the addition of the blood until the clot
formed.

The Normotest time was dependent upon the PCV since the red
cells did not take part in the reaction, so a correction factor
curve was prepared to allow for the effect of the differing PCVs
of the samples tested. It was also necessary, using plasma from
normal horses, to prepare a calibration curve for the varying
batches uf reagent. The results were expressed as the per cent.

Noimotiest.

(9) Antibody Titres

Paired serum samples were collected © weeks apart, the first
sample being taken during an acute bout of respiratory illness with
the second sample taken during the convalescent phase. The serum
was stored at -20°C before being examined by Dr. D. Powell, Equine
Research Station, Balaton Lodge, Newmarket.

The following serclogical tests were carried out after

inactivation of the samples at 56°C for 30 minutes.
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Influenza virus. Serum haemagglutination inhibition tests were

carried cut in round-botiomed, microtitre plates, using 0.05 ml
volunies of reactants. Adult chicken erythrocytes (0.8%) were
hsed with phosphate-buffered saline as the diluent. Eight
haemagglutinating units of antigen were employed. The standard
virus strains used were A/equine/Prague/1/56 (A/Equi 1 type) and
A/equine/Miami 1/63 (A/Equi 2 type).

Rhinopneumonitis virus and Rhinovirus type 1. Neutralising

antibody levels were determined by a plaque reduction test
(Burrows, 1966) using the H-45 strain of rhinopneumonitis virus
(equine herpes type 1) and the NM=1l strain (Burrows, 1968) of
equine rhinovirus type 1l.

Adenovirus. Precipitating antibody was detected in undiluted
sexrum, using an agar gel precipitin test (Darbyshire and Pereira,
1964). The antigen was a crude infected tissue culture harvest

- of the Sol 25 strain (Todd, 1969).
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CHAPTER 1

PROLIMINARY EXPERIMENTAL STUDILS

SUMMARY

Six worm-free pony foals, 2 to 4 months old, were infected with

Parascaris equorum eggs using 3 different dosage regimes and killed

at either 40 or 95~100 days after infection. Coughing and a
circulating eosinophilia were features of large infections from which
only a small number of worms developed to maturity. In small
infections a high percentage of the parasites matured in the small
intestine and fhis was associated with unthriftiness. Prepatent

periods of 80 and 83 days were recorded.

INTRODUCTION

Since experimental studies on P. equorum infection had not been
attempted previously in this laboratory a preliminary experiment was
designed using a small group of worm-free foals to provide a general
picture of the pattern of infection.

The aims of this first experiment were as follows:

1. To assess the efficiency of the methods employed for the
collection, cultivation, storage and administration of infective eggs.

2. To study the relaticnship between the magnitude of the
infection and the number of worms which subsequently developed in
the small intestine.

3. To establish patent infections and deterﬁine the length of
the prepatent period.

k., To investigate the clinical, haematological and pathological

changes associated with the migration and development of P. equorum.



MATERTALS AND METHODS

| A plan of {he experiment is shown in Table 2. Eight worm-free
pony foals were divided on an age basis into 2 groups of L, a younger
group aged 2 to 3 months and an older group aged & to 5 months. Trom
éach age group one foal received a single infection of 8,000
P. equorum eggs ("large dose"), one received a single infection of
160 P. equerum eggs {("small dose"), one received 10 infections of
160 P. equorum eggs administered on alternate days (Yrepeated small
dosc") and the fourth acted as an uninfected control to monitor

clinical and haematological changes.

L worm-free foals 4 worm-free foals
2-3 months old 4-6 months old
1 foal Single small infection 1 foal

160 P. equorum eggs

1 foal Single large infection 1 foal

8,000 P. equorum eggs

1 foal Repeated small infections 1 foal

10 x 160 P. equorum eggs
on alternate days

-

foal Uninfected Controls 1 foal

TABLE 2 Experimental Design

The infected animals in the younger age group were killed on
day 40 to provide information on the pathological changes during the
early stages of parasitic development. The older ffoup was kept to
establish the prepatent period and to determine the number of worms

which developed to maturity.
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Throughout the experimental period clinical examinations were
performed daily. Heparinised blood samples for haematological
estimations were collected weekly and from day 30, faecal samples
‘were examined twice weekly for the presence of ascarid eggs.

Routine post-mortem examinations were peffbrmed. Blocks of
tissue for histological preparation vere taken from any organ showing
pathological changes. The contents of each part of the gastro-
intestinal tract were collected separately for the recovery of
parasites, firstly by scanning with the naked eye when large womrms
could be picked out and then microscopically for the recovery of

small worms.

RESULTS

Clinical Findings

During the experimental period rectal temperatures of all
animals remained within the normal range of 37 to 38.800. A cough
was present from day 12 to day 17 after infection in the younger
"large dose! foal and on day 17 in both foals which received repeated
infections, but no other signs of respiratory disease were observed.

Each animal maintained a good appetite throughout the
experiment, but in spite of this both "small dose!" foals became
depressed and unthrifty. This was particularly marked in the younger
animal which, by day 35 after infection, had become very thin.

Figure 1 compares the bodily condition of the older "large dose!" and

"small dose" foals on day 95.

Haematological Changes

The foals were infected early in November 1975. DBuring
December the packed cell volumes (PCVs) of both experimental and

control foals declined steadily from a mean of 0.35 to a mean of
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HAJRE

Bodily condition of foal
which received 160

P. equorum eggs (left)
compared with foal which
received 8,000 P. equorum
eggs (right), 95 days
after infection.



0.29, then rose to pre-experimental values by mid-January. The tctal
red and vhite blood cell counts (RBCs and WBCs) and haemoglobin (Hb)
_values reflected the changes in PCVs, but all of these variations
would appear to be seasonal, as similar results have been recorded
previously in this laboratory during long-texm hacematological
monitoring of worm-free pony foals. The PCVs, Hb values, total RBC
coﬁnts and total WBC counts of the individual animals are shown in
Appendices 1 to 4 respectively.

. Significant changes occurred only in the eosincphil fraction of
the differential WBC count (Figure 2). The controls were found to
have consistently low wvalues of less than 0.2 x 109 eosinophils per
litre (eosinophils/1), whereas marked elevations occurred from day
12 after infection in the M"large dose!" foals and from day 22 in the
"repeatgd small dose" foals. In both of these groups maximum counts
of over 1.0 x 109 eosinophils/l were recorded, followed by a return
to normal values by day 40. The "sﬁall dose" group had slightly
raised eosinophil counts, up to C.3 x 109 eosinophils/1l, between
days 20 to 30 after infection. During the later stages of infection,
from day 40 onwards, circulating eosinophilia was not a feature in

any animal.

Parasitoloqy

(1) Foals killed on day 0

The werm burdens of the younger group of foals killed on day
40 are presented in Table 3.

The foal which received only 160 P. equorum eggs was depressed
and unthrifty from arcund day 30 and at necropsy examination its
small intestine was partially obstructed by a mass of large ascarids.
On gross examination of the intestinal contents 140 worms, with a

size range of 8 to 14 cm, were picked out. Subsequent micrescopical
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examination was negative but this tetal, i.e. 140, represented 87.5%
of the infective dose.

The single large and repeated small infectiong, on the other
hand, produced no large parasites, bul in both cases many small
active worms could be seen moving among the small intestinal contents.
From the foal which received 8,000 eggs, 6;350 worms were recovered,
i.e; 79.4% of the infective dose, while the foal given a total of
1,600 eggs by repeated infection had 810 parasites, i.e. 50.6%.

None of these specimens was more than 2.5 cm in length.

No. of P. equorum No. of P. eguorum Percentage Mean size
‘egys administered recovered from take (xange) cm
intestinal tract
160 140 87.5 10.8
(8.0-14.0)
8,000 6,350 79 .k 1.57
(0.7-2.1)
10 x 160 810 50.6 1.36
(005-2012)
TABLE 3 Parasite Recoveries from Foals killed on day 40

Figure 3 illustrates the remarkable differences firstly in the
sizes of the individual parasites and secondly in the total volume
occupied by the worms recovered from each of the three foals killed
on day L40. At this stage the "small dose" foal had the smallest
number of worms, but these occupied such a large volume that the
volume of small intestinal contents was markedly reduced. However,

where greater numbers of worms were present (from the single large
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and repeated small infections) the individual parasites were small
and occupied a comparatively small volume.

(2) Foals killed on days 95 and 100

The numbers and sizes of the worms recovered from the older

group of foals killed on days 95 and 100 after infection are presented

in Table Ii‘o
No. of P. equorum No. of P. equorum Percentage Mean size
eggs administered recovered firom take {range) cm
intestinal tract
160 © 102 63.8 15.8
(patent day 80) (11.5-28.5)
8,000 L6 0.6 10,2
(patent day 83) (7.5-13.8)
10 x 160 58 3.6 7.6
. (6.5~12.0)
TABLE 4 Parasite Recoveries from Foals killed on days

95 and 100

At this time the "small dose" foal had 102 P, equorum, from
11.5 to 28f5 cm in length, a "take" of 63.8%. The foal which received
8,000 eggs had only 46 worms, from 7.5 to 13.5 cm long, while the foal
which received 1,600 eggs by repeated doses had 58 worms, from 6.5 to
12 cm long. The percentage takes in these two animals wefe thus only
0.6 and 3.6% respectively.

Compared with the ascarids found on day 40, the 95 to 100 day
recoveries from each foal were smaller‘in number but greater in
volume. These changes were particularly marked in the "large dose®

and '"repeated small dose" animals as shown in Figure 4.



FIGURE 3: Parasites recovered from the foals
killed 40 days after experimental
P. equorum infection.

FIAORE 4; Parasi tes recovered from the foals
killed 93 to 100 days after
experimental P. equorum infection.



Establishment of Patency

Patency was established first in the.single small infection foal
oni day 80 with a count of 450 ascarid eggs per gram (ésc. €aDeQely
which rose rapidly to a maximum of 1,650 asc. e.p.g. on day 90. The
gingle large infection became patent on day 83 with a count of
100 asce. e«.p.gs. rising slowly to reach 350 asc. e.p.g. on day 95.

The pattern of the faecal egg outputs of these 2 gnimals is shown in
Figure 5. The "repeated small dose" foal had not developed a patent
infection when it was killed on day 100, but the specimens recovered
from its small intestine were only slightly smaller than those found
in the other 2 foals and worms of both sexes were present. It seems
likely,; therefore, that if this animal had been allowed to survive it
would have developed a positive ascarid faecal egg count within a
very short time. Routine examinations of faecal samples from the
two control foals were consistently negative. The complete results

of the faecal examinations are given in Appendix 5.

Pathology

Gross pathological changes were seen in the lungs of all 6
infected foals and in the livers of the foals killed on day 40.

{(a) Liver - The 3 animals examined at post mortem on day 40
had multiple, small, white spots, up to 2 mm in diameter, scattered
over the surface of the liver (Figure 6). Histologically these
lesions were composed of subcapsular aggregates of lymphoid cells.
The hepatic tissue was infiltrated by lymphocytes, with ecsinophils
and mast cells present, especially in the comnmective tissue. No
lesions were detected on gross or microscopical examination of the
liver on days 95 or 1CO.

(b) Lungs -~ The lungs of all 6 infected foals showed red,

collapsed, pneumonic areas around the interlobar fissures of both
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FIOURE 61 The liver of a foal killed 40 days
after infection with 8,000 P. equorum

eggs.

FIGURE 7: Subpleural pulmonary nodule in a foal
killed 40 days after infection with
8,000 P. equorum eggs.



Jungs and in the accessory lobe of the right lung. Microscopical
examination showed that the pulnonary tissﬁe in these arcas was
collapsed and consolidated with an associated bronchitis and
bronchiolitis. Large numbers of neutrophils had accumulated in the
airways and interstitiume.

Multiple, subpleural nodules, up to 5 mm in diameter; were
seen scattered over the surface (Figure 7). Grossly these were
translucent, grey or greenish, slightly raised above the surrounding
lung tissue and in the 95 and 100 day infections an appreciable
number were calcified. Microscopically the nodules consisted of
a mass of lymphocytes and a few eosinophils, surrounded by a lightly
defined, fibrous capsule.

{c) Small Intestine - Pathological changes of the intestinal
tract were not a feature and although the small intestine of the
ttsmall dose' foal killed on day 40 seemed to be thickened on
palpation, microscopical examination showed that this was probably

due to contraction of the muscle layers.

DISCUSSION

The clinical reactions of the foals in this experiment varvied
with the dose of P. equorum eggs administered. Frequent coughing
occurred between days 12 and 17 in the younger "large dose" foal and
in both "repeated small dose!" foals. In an early report of
experimental P. equorum infection in a 3 month-old, worm-free donkey
foal (Wetzel and Enigk, 1938) ccughing was recorded from day 10 to
day 18. Hadwen (1925) and Antipin and Stepaﬁova (1948) have also
described the presence of a cough at this time in foals from 12 days
to 10 months old, which were reared naturally and then challenged
with large doses of P. equorum eggs. Although, under field conditions,

both Russell (1948) and Wiltshire (1954) suggested that P. equorum
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infection may cause coughing and a siticky nasal discharge, none of the
animals in this experiment developed an abnoirmal nasal discharge.

Logs of bodily condition was apparent on clinical examination
of the 2 animals which received a single small infection and, as a
result of this observation, body weightg of all foals were recorded
in subseqguent experiments. Unfortunately, weight gains were not
measured in this preliminary study, so unthriftiness was gauged by a
subjective comparison between infected animals and controls. Other
authors have described parascariasis as a debilitating disease
" causing increasing weakness and emaciation, (Antipin and Stepanova,
1948; Chebotar'ov, 1950; Wiltshire, 1954; Ryazantsev, 19565 and
Bello et al., 1973), although none of these workers has attempted to
quantify their observations rcegarding the weight changes.

A circulating eosinophilia is a feature of the migratory phase
of many helminth diseases and in the horse has been recorded in
natural and experimental strongyle infections (Archer and Poynter,
1957; Drudge, Lyons and Szanto, 19663 Duncan and Pirie, 1973), and
follewing massive P. equorum challenge of naturally reared foals
(Hagwen, 1925; Antipin and Stepanova, 1948; Chebotar'ov, 1950;
Ryazantsev, 1956). Ronéus (1971) studied the inter-relationship

between the number of orally administered Ascaris suum eggs, blood

eosinophilia and the mumbexr of adult, intestinal ascarids in piglets.
In infections of over 3500 eggs he showed that the number of
eosinophils in the blcodstream was directly correlated with the
number of inoculated eggs but that infections of less than SC0 eggs
gave no significant increase. The findings in this experiment were
similar, in that the "small dose" foals {160 eggs) developed cnly a
slight increase in circulating eosinophils (up to 0.3 x 10”7

eosinophils/1) compared with the controls, whereas the single large

infection (8,000 eggs) and repeated small infections (1C x 160 eggs)
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caused a marked elevation to over 1.0 x 109 eosinophils/l1. In the
Mlarge dose' foal the count began to rise lé days after infection,
whilst the "repeated small dose" foal did not show a significant
increase until day 22. Presumably this delay was due to the fact
that the larval invasion of the tissues built up over the period of
repeated infection to a level sufficient to trigger the eosinophil
responge. By day 40 after infection, the eosinophil counts of all
foals had fallen te within the normal range and they were below

0.2 x 109 eosinophils/l for the remainder of the experimental period.

When the younger foals were killed on day 40, the parasites
recovered from both the single small and single large infections
represented a very high proportion of the total infective dose i.e.
takes!" of 87.5 and 79.4% respectively,- This finding suggested that
the majority of larvae completed their somatic migration and returned
to the small intestine within 40 days after a single infection. The
recovery from the "repeated small dose" foal was rather lower
(50.6%), but as the last infection was only 20 days earlier, it is
possible that a proportion of the larvae had not yet completed their
tissue migration.

By day 95 the percentage take in the "small dose" foal had
fallen slightly to 63.8%, whilst the other 2 groups showed very
marked reductions from 79.4 to 0.6% ("single large dose') and rrom
50.6 to 3.6% ("repeated small doses"). The tentative conclusion
drawn from these observations was that the presence of a large number
of ascarids in the intestinal lumen had stimulated a response whereby
thé vast majority of the worms were expelled. A somewhat similar
phenomenon has been reported in A. suum infection in the pig by
Ronéus (1971). 1In his experiments the highest number of worms
became established in the small intestine after moderate infections

of 100 te 500 eggs, whereas adult ascarids seldom developed after
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infections of 1,000 eggs or greater. Schwartz (1959), who also
recorded an climination of worms after experimental A. suum infections,
has ascribed this to an immune reaction, the antigenic stimulus being
provided by the exsheathing fiuid from the fourth moult.

The specimens recovered on day 40 from the "small dose" foal
were remarkable for their large size (mean length 10.8 cmn) compared
with those found in the foals receiving a single large or repeated
small infections in which all the parasites were less than 2.5 cm in
length. On days 95 and 100 however, mean worm lengths of 10,2 can and
7.6 cm respectively were recorded from these latter 2 groups and this
increase in size seemed to be associated with the loss of a large
proportion of worms from the gut. Over the same period there was a
relatively small increase in size to a mean length of 15.7 cm in the
"single small dose! foal but in this case the percentage take remained
high. Two factors which may have been significant were firstly, the
magnitude of the infection and secondly, the age of the foal. These
aspects are explored further in Chapter 2.

The prepatent periods of 80 days and 83 days recorded in this
study were similar to those reported by other workers {Wetzel and
Enigk, 1938; Bello et al., 1973; Lyons et al., 1976).

Although the pathological examination in this preliminarvy
experiment was limited, the nature of the lesions found in the liver
and the lungs suggested that these organs had been invaded during
parasitic migration. In future experiments the histopathological
changes were studied in greater detail and these aspects will be

discussed further in Chapter 3.
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CONCLUSIONS

The aimg of the experiment were achieved by providing the
following information:

1. liigh percentage takes ranging from 50.6% to 87.5% were
recorded on day 40 which indicated that the methods employed for
the collection, cultivation, storage and administration of infective
P. equorum eggs were satisfactory.

2. The effect of 3 infection levels on the'numbers of parasites
which became established in the small intestine of 2 to 3 month-old
and & to 6 month~old foals was particularly interesting. In the
younger foals percentage takes in excess of 50% were recorded on day
Lo regardless of the magnitude of the infection. On days 95 and 100,
however, percentage takes of only 0.6% and 3.6% were recorded from the
older foals which received a single large and repeated small
infections, whereas the "small dose" foal again had a high take (63.8%).

3. Patent infections were established in the "large dose" and
"small dose" foals on days 80 and 83 after infection respectively.
Although the 'repeated small dose'" foal did not have a patent
infection when it was killed on day 100 the parasites appeared to be
mature and the infection would probably have become patent within a
short period of time.

4., The predominant clinical changes were firstly, the presence
of a cough during the third week after infection in the foals from
the "single large’ and "repeated small dose" groups, and seccndly, a
loss of bodily condition in the 'single small dose'" group.
Héematologically the only zignificant finding was the development of
a circulating eosinophilia between days 12 to 40 iﬁhfhe animals which
received a single large or repeated small infections. Pathological
changes suggestive of larval migration were seen in the liver 40 days

after infection and in the lungs on days 40 and 95 to 100.
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CHAPTER 2

-

THE LIFE CYCLE AND MIGRATION OFF PARASCARIS EQUORUM

SUMMARY
Fight wom-free pony foals, aged 2 to 4 weeks received a

single infection of 8,000 Parascaris equorum eggs. The foals were

" killed at intervals to investigate the migration and subsequent
development of P, equorum. Signs of larval invasion were found
in the liver within 48 hours after infection. Larvae migrated
from the liver to the lungs from 7 to 1k days after infection and
the majority had returned to the small intestine via the tracheo-
oesophageal route by day 23.

After completion of their tissue migration, the parasites
grev rapidly in size in the lumen of the small intestine, but after
day 37 the number of worms present in this site decreased. Patent

infections developed on days 101 and 10k.

INTRCDUCTION

In the preliminary study described in Chapter 1 it was shown
that larval migration through the body tissues had been largely
completed within 40 days after infection, since a high percentage
of the total infective dose was present in the small intestine at
this time. To investigate the tissue migration and subsequent
development of P. equorum in greater detail, an experiment was

designed in which foals were killed at intervals after a single
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infection. A large mumber of infective eégs was administered to the
foals in this study for two reasons; firstly to facilitate larval
recovery from the body tissues and secondly to investigate the
ﬁechanism involved in the reduction between days 40 and 95 in the
number of worms established in the foals given & high dose of
infective eggs in the preliminary experiment.

Some months after completion of this experiment a small calibre
fiberendoscope became available, which allowed the collection of
tracheal washings without general anaesthesia. A further study was
then made in which tracheal washings were collected repeatedly during
the period of larval return to the gastreintestinal tract in an attempt

to confirm that migration was via the tracheo-ocesophageal route.

MATERIALS AND METHODS

Experimental Design

The design of this experiment'is shown in Table 5. Ten worme-
free foals from 2 to 4 weeks of age were used. Eight foals received
a single infection of 8,000 P, equorum eggs and one of these animals
wvas killed on days 2, 7, 14, 23, 37, 73, 106 and léG.after infection
in order to trace the route of larval migration and subsequent
development of the infection. Two uninfected foals, which were not

killed, acted as controls.

10 worm-free foals, 2~4 weeks old

8 foals 2 foals

8,000 P. equorum eggs Uninfected
contirols

One foal killed on day 2 (Fl), day 7 (F2), Cl and C2

day 14 (F3), day 23 (F&), day 37 (F5), not killed

day 73 (F6), day 105 (F7}, and day 146 (F8),

after infection

TABLE 5 Experimental Design
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Recovery of Parasiies

Routine post-mortem examinations were carried out and after the
collection of blocks of tissue for histopathology, larvae were
recovered from the liver and lungs by mincing and baermannizing
portions of the hepatic (25% by weight) and pulmonary {(33% by
weight) tissue. Only one lung was used for larval recovery from the
parenchyma, the other lung being floated in warm saline, after
opening the airways, to recover larvae from the trachea, bronchi and
bronchioles.

The contents of each part of the gastrointestinal tract were
collected separately and any large parasites were picked out. The
remaining contents, or aliquot samples thereof in the case of the
stomach and the large intestine, were formalinised and subsequently
examined microscopically. A representative sample of the parasites
recovered from each foal was measured.

Faecal Examination

To investigate the possibility of a large-scale expulsion of
parasites from the intestinal tract, total 24 hour faecal collections
were made twice weekly beginning on day 40, from the foals killed on
days 73 (F6) and 106 (F7). These samples were crumbled, then scanned
with the naked eye.

Routine faecal samples from all animals were examined twice
weekly from day 4O for the presence of parasite eggs.

Recovery of Larvae from the Trachea

A foal which had been reared on grass was weaned at 3 months of
age, then maintained indoors under conditions whi;h precluded any
further parasitic infection for one month. A single dose of 8,000
" P. equorum eggs was administered and on days 14, 15 and 17 after

infection tracheal washings were collected from the standing animal
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using a small calibre fiberendozcope. The washings were examined

microscopically for the presence of ascarid larvae.

Recovery of Parasites

The parasitic recoveries from the body organs are shown in
Table 6 and the measurements of the parasites from the various

sites in Table 7.

Animal :
Identification Fl r2 '3 Pl s 6 F7 F8

Killed Day 2 7 14 23 37 73 106 | 146
*Liver ' O 272 4 0O 0 NE NE NE
**Lungs (o} o 288 | 186 0 0 NE NE
* 4% Af ryays o ol 382 0 0 0 NE | NE
Small Intestine 0 0 Lo {2090 {4150 {3195 751 | 123
Large Intestine NE NE NE 0 (o} 33 4 0

NE -~ not examined.

* Based on examination of 25% by weight of the total hepatic tissue.
** Based on examination of 33% by weight of the total pulmonary

tissue.

*** Based on examination of the airways of omne lung.

TABLE 6 Numbers of P. equorum recovered from the
body organs of foals after infection with
8,000 P. equorum eggs. T
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Animal Killed Mean Length
Ydentification day Site {(Range) mm
1 2 No larvae recovered
F2 7 liver 0.727
(0.580 - 0.963)
F3 1k Liver 0.756
) Lungs/Airwvays 2.070
(1.653 - 2.436)
nall intestine 2.218
(2.088 - 2.494)
Fh 23 Lungs 0.867
(0.754 ~ 1.009)
Small intestine 4. 490
(k.205 - 5.075)
F5 37 Small intestine 19.9
(1L ~ 27)
F6 73 Small intestine 7L.3
(65 -~ 88)
F7 106 Small intestine 105.4
{81 - 129)
F8 146 Small intestine 159,0
(135 ~ 175)
TABLE 7 Measurements of P. equorum recovered freom the

body organs of foals after infection with
8,000 P, equorum eggs.




(1) Liver

Day 2: No larvae were found in the liver at thig time, although
the presence of multiplé haemorrhagic spots on the surface of the
organ suggested that larval penetration may have occurred.

Day 7: On day 7, 68 larvae, ranging from 0.580 ~ 0.963 mm in
length were recovered f{om 25% of the hepatic tissue. These specimens
were poorly differentiated with a rather granular appearance and
rounded heads (Figure 8); the lips could not be clearly defined
(Figure 9). The oesophagus was bulb-shaped with a mean length of
0.180 mm or approximately one quarter of the body lengih. The tail
was pointed with a sub-terminal anus 0.043 mm from the tip of the tail.

Day 14: Only one larva was recovered from 25% of the liver on
day 14. This specimen, which measured 0.756 mm, was similar in size
and structure to those found on day 7.

Dzy 23 and Day 37: No larvae were found in the liver on either
day 23 or day 37 and larval recovery from this organ was not
subsequently attempted.

(2) ZLungs

Day 2 and Day 7: No parasites were detected in the lungs or
airwvays on days 2 or 7.

Day 14: On day 1L, 96 larvae were recovered from 33% of the
total pulmonary parenchyma and 191 larvae from the airways of one
lung. The parasites from these two sites were similar, ranging from
1.653 to 2.436 mm in length {mean length 2.070 mm). The oesophagus
measured approximately one sixth of the total body length (0.348 mm)
and the anus was 0.075 mm from the tip of the tail. Figures 10 and
11 show the head and taii of a larva from the lungs; 14 days after
infection.

Day 23: On day 23 no parasites were found in the airways but

62 larvae, with a mean length of 0.867 mm were recovered from 33%
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FIGURE 81

FIGURE 9:

Larva recovered from the liver 7 days
after infection with 8,000 P. equonini
eggs. x 240

Head of larva recovered from the liver
7 days after infection with 8,000
P. equorum eggs. x 1,700



FIGUA 10: Head of larva recovered fromthe lungs
14 days after infection with 8,000
P. equorum eggs. x 500

FIGURE 11; Tail of larva recovered from the lungs
14 days after infection with 8,000
P. equorum eggs. x 4?20



of the total lung parenchyma. They were thus considerably smaller
than those found in the lungs on day 14 {méan length 2.070 mmn), and
were indistinct.morphologically,

Day 37 and Day 73: No parasites were recovered from the lungs
or airways at this time, and subsequently parasitic recovery from
these sites was not attempted.

(3) Small Intestine

Day 2 and Day 7: HNo parasites were prezent in the contents of
the small intestine on day 2 or day 7.

Day 14: On day 14 a total of 40 larvae with a mean length of
2.218 mm were found in the small intestine. They were similar
morphologically to those isclated from the lungs and airways at
this time (Figure 12).

'Day 23: On day 23 the small intestine contained 2,090 larvae
with a mean length of 4.490 mm. Not only had the larvae doubled in
size between days 14 and 23, they had also undergone a moult and the
specimens recovered on day 23 could easily be distinguished {rom
those found on day 14 by the presence of 3 distinc% lips separated
from the body by a marked constriction (Figuresl1l3 and 14). The
oesophagus was well~defined and bulb-shaped, measuring 0.707 mm or
approximately one sixih of the total body length, and the anus was
situated 0.139 mm from the tip of the tail (Figure 15).

Day 37: The highest number of P. equorum was recovered on day
37, when 4,150 worms with a mean length of 19.9 mm were present in
the small intestine i.e. 51.9% of the infective dose. Even so these
parasites occupied a small volume only and did not cause any
obstruction of the iumen of the bowel. |

Day 73: On day 73, parasites could be seen and palpated
through the wall of the small intestine (Figure 16) and, on opening

the intestinal wall many medium-sized ascarids spilled out

39



FIGURE

HGURE

12;

B

13:

Larva recovered from the small intestine
14 days after infection with 8,000
P. equorum eggs. x 50

Larva recovered from the small intestine
23 days after infection wixh 8,000
P. equorum eggs. x 30



8,000
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(Figure 17). In fact 3,195 P. equorum were present, a take of
39.9%, which was slightly lower than ﬁhat.recorded on day 37, but
. the remaining Qonns had increased in size to a mean length of
7L.28 mm.

Day 106: A further decrease in numbers to 751 (9.4% take) had
occurred by day 106, with an increase in the mean parasite length to
105.38 mm. The total volume occupied by the worms recovered from
the foal killed on day 106 was rather less than that of the worms
recovered on day 73.

Day 146: A total of 123 ascarids, which varied in length from
135 mm 1o 175 mm, were present on day 146, a take of only 1.5%. The
appearance of the small intestine containing these parasites before
and after incision is shown in Figures 18 and 19.

The total parasitic recoveries from the small intestine on
days 37, 73, 106 and 146 are shown in Figure 20. In terms of the
volume occupied by the parasites in the small intestine, the largest
recovery was on day 73, and subsequently there was a steady decrease
in volume between days 73 and 146.

(4) Stomach

Stomach contents were examined on days 7, 14 and 23, but no

parasites were found.

{5) Large Intestine

Thirty two large ascarids were present on day 73 and 4 on day
106. These worms were partially digested and therefore were not
measurad. Microscopical examination of the contents of the large
gowel was negative on each occasion.

Recovery of Parasites from Faeces

The 2 animals from which 24 hour faecal collections were
examined showed an intermittent elimination of parasites over a

prolonged period. The first appearance of P. equorum in the faeces
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HGURE

FIGURE

16;

17 :

Parasites visible through the wall of
the small intestine of a foal 73 days
after infection with 8,000 P. equorum
eggs.

m m

Small intestine of a foal opened to
show parasites 73 days after infection
with 8,000 P. equorum ecggs.



FIGURE

FIGURE

18:

19:

Parasites visible through the wall of
the small intestine of a foal 146 days
after infection with 8,000 P. equorum
eggs.

Small intestine of a foal opened to
show parasites 146 days after
infection with 8,000 P. equorum
eggs.



HGURE 20;

Left to right, parasites
recovered from the foals
killed on days 37, 73,
106 and 146 after
infection with 800«D

P. equorum eggs.



was recorded on day 45 in one animal (F7) and day 50 in the other
(FG). Both foals were still excreting worms when they were killed
on days 73 and 106. Although the worms were partially digested
before elimination and could not be measured, it was obvicus that,
as the infection developed, the size of the worms expelled in the
faeces increased.

Development of Patency

Patent infections developed in the 2 surviving foals on days
101 (F8) and 104 (F7), with counts of 150 asc. e.p.g. and 550 asc.
e.p.g. respectively. One foal (F7) was killed on day 106 tc determine
the worm burden at this time (751 P. eguorum). The pattern of the
faecal egg count in the remaining foal is shown in Figure 21, which
shows a marked variation in the values recorded from day to day, the
highest count of 17,500 asc. e.p.g. being on day 124.

Examination of Tracheal Washings

In the foal examined endoscopically no larvae were present in
the tracheal washings on days 14 or 15, but on day 16 a single

P. cquorum larva, 3.567 mm in length was found.

DISCUSSION

During this experiment, P. equorum larvae were recovered
sequentially frem the liver, lungs, airways and small intestine in
sufficiently large numbers to indicate that this was the normal
migratory pathway. Although the technique of mincing and
baermannising a proportion of the hepatic and pulmonaxry tissue did
not give an accurate quantitative estimation of the number of
parasites present in the organ, it allowed a comparison to be made
between the numbers of larvae recovered at specific times after

infection.
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Early investigations of the life cycle of Ascaris suum (Roberts,

1934) suggested that there were 2 parasitic moults in the lungs
followed by cne in the small intestine. However, later work by
bouvres et al. (1969) on the morphogenesis and migration of A. suum,
indicated that larvae reached the liver within 6 hours after
ingestion of infective eggs by young pigs, and the first parasitic
mouit had taken place by & days. The_larvae then migrated from the
liver to the lungs between days & to 7, and returned to the small
intes?ine from 8 to 10 days after infection. The same authors stated
that the second parasitic mouli occurred in the small intestine at 9
to 10 days, but they did not proceed to study the develovment beyond
this stage.

Both Roberts (1934) and Douvres et al. (1969) believed that the
infective stage of A. suum was the egg containing the ensheathed
second stage larva and that there were 3 parasitic moulis. Araujo

(1972), however, examined the larvae of Ascaris lumbricoides, A. suum

and Toxocara canis after incubating the eggs for 15 to 22 days in 1%

aqueous formalin at 25°C. The eggs were hatched under pressure and
the larvae examined using phase contrast and dark ground microscopy,
wvhen 2 distinct cuticles could be seen at the larval extremities.
As a result of these findings Araujo (1972) suggested that there were
2 preparasitic moults, so the infective larvae were in the third
stage. If this was the case then the moults observed in the liver
and the small intestine by Douvres et al. (1969) were the third and
final moults. Also the characteristicz ascribed by these workers to
the larvae after the intestinal moult would in fact be those of the
young adult ascarid, net the fourth stage larva as had been assumed
previously.

In this investigation of the migratory pathway of P. equorum

no larvae were recovered from the foal killed on day 2, but the
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presence of multiple haemorrhagic lesions on the surface of the liver
suggested that parasitic invasion of this organ had already occurred.
The failure to recover larvae at this time nmay have been due to the
small size of the parasites in relation to the fairly large pieces'of
minced hepatic tissue. However, the liver was the only site in which
P. equorum were found on day 7, when all the specimens were small and
poorly differentiated. The stage of development was not determined
and the possibility of the occurrence of a larval moult either in the
intestinal submucosa or in the liver was net confirmed.

Specimens isolated from the lungs, airways and small intestine
on day 1L were similar both in size and morphology and resembled those
recovered from the liver at this time although the hepatic forms were
considerably smaller. It was not possible to state whether a
parasitic moult occurred in the lungs, but the morphological
similarity between larvae found in the liver, lungs and small
intestine on day 14, tended to suggest that they were all at the
same stage of development.

Between days 1% and 23 the ascarids in the emall intestine
underwent a moult. The later larval stages were recognised by the
fact that 3 prominent lips were demarcated from the head by a
constriction, and the internal morphology was more distinct. The
head resembled that of the larvae described by Douvres et al. (1969
as being the fourth stage, but the possibility that this description
referred to the young adult has already been discussed.

Numerically, the largest recoveries from both the lungs and
airways were on day 14, when the parasites had a size range of
1.653 to 2.436 mm. A small number of larvae, from 2.088 to
2.49L mm were present in the small intestine at this time. Similar
results have been reported by other workers who have attempted to

recover larvae following experimental P. equorum infections.
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Hadwen (1925) found larvae approximately 2 mm long in the airways and
duodenum of a foal which had been infected twice, 20 days and 7 days
earlier, whereas Lyons et al. (1976) recovered larvae from the lungs
"but not the small intestine on day 14 and from both of these sites on
day 17. 7The parasites described by Lyong et al. {1976) were in the
size range of 1.4 to 2.7 mm on day 14, whereas by day 135 they

ranged from 6.5 to 10.0 mm long.

At post-mortem examination the recovery of many larvae from
the airways on day 1& was followed by an increase in the number of
worms present in the small intestine on day 23 suggesting that
parasitic migration frem the lungs to the gastrointestinal tract
was via the trachea. The recovery of an ascarid larva frem the
tracheal washings of a live foal 17 days after experimental
P. cquorum infection gave further support to the theory of a tracheo-
oesophageal route of migration.

No larvae were found in the airways on day 23, which would
seem to indicate that tracheal migration to the gastrointestinal
tract had ceased. The larvae which remained in the pulmonary
parenchyma at this time were remarkable for their uniformly small
size (0.754 to 1.009 mm) compared with those found in the same site
9 days earlier (1.653 to 2.436 mm) and it is possible that the
remaining larvae were the target of an immumological response
leading to their destruction. Whatever the cause the larvae which
die or ars destroyed in the lungs are thought teo form the basis of
the lymphocytic nodules described in Chapter 1.

. Following their return to the intestinal tract the ascarids
increased rapidly in size. Between days 14 and 23 they doubled
in length, and over the ensuing 1l& days there was a fourfold
increase in the mean parasite length. Even so, the worms
recovered on day 37 did not causc any obstruction of the intestinal

lumen. In the surviving foals the worms continued to increase in
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size but decreased in number from the highest recovery of 4,150
ascarids on day 37 to only 123 ascarids on-day 146, This fall in
numbers was associated with the elimination eof worms in the faeces
from around day 45 onwards. Douvres et al. (1969) described an early
elinination of ascarid larvae from the digestive tract of pigs with
10 to 15 day-old infections, which they related to the second
parasitic moult, whilst Schwartz (1959) reported that, from 21 to 30
days after pigs ingested infectiwve eggs of A. suum, larvae were
eliminated on a "significant scale'" and that this was associated with
the final moult to the adult stage. It is possible that sensitisation
to moulting fluid could lead to an expulsion of P. equorum during the
final parasitic moulit, the timing of which is uncertain.

Another factor which may influence the elimination of worms is
,overcrowding.' The greatest mass of parasites was recovered from the
foal killed on day 73 during the expulsive phase of the infection.

In the animals killed subsequently, ascarids were not only less
numerous but occupied a smaller total volume. It would seem that when
large numbers of ascarids develop in the small intestine the resulting
competition for space and nutrients is such that it is not possible
for all the parasites to grow to maturity without causing an occlusion
or indeed a rupture of the small intestine, a syndrome not frequently
reported from the field.

The prepatent period of P. equorum is variable. In this
experiment ascarid eggs first appeared in the faeces 101 and 104 days
after infection, which is longer than the 80 days and 83 days recorded
in-Chapter 1. Other studies in worm-free foals have shown a similar
range in the prepatent period includihg those of Bei?%'gi_gi, (1973),
who foﬁnd that 3 out of 10 ponies already had ascarid eggs in the

faeces 84 days after infection, and the remainder became positive

between days 91 and 105. Lyons et al. (1976) found prepatent periods
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in the range of 72 to 110 days, and these werkers described the
subsequent faecal egg counts in 2 animals; a 5 month-old foal
continued to excrete ascarid eggs for 119 davs with counils of 50 to
430 asc. e€.p.g. which was equivalent to a total daily output of
2,690 to 1,115,400 eggs, whereas in a one year-old animal the
infection was patent foy only 35 days with counts of 10 to 500 asce.
e.p-g. In this experiment the faecal egg count of foal F8 was
followed for 45 days, during which a maximum value of 17,500 asc.
e.p.g. was found on day 124, This was equivalent to a total daily
output of around 50 million ascarid eggs. There was, however, a
marked variation in the daily faecal egg count, only 50 asc. e.p.g.
being Tound on day 136, thus emphasising the limited value of faecal
examinations as an estimate of worm burdens.

In her survey of Thoroughbred foals Russell (1948) found that
every foal became infected with P. equorum and the ascarid faecal egg
counts rose sharply to reach peak values at 16 to 18 weeks. The
counts then declined steadily, many foals ceasing to pass eggs around
6 months of age. The average ages at which patent ascarid infections
developed in foals reared naturally have been recorded as 84 to 9i
days (Russell, 1948), and 77 to 98 days (Todd et_al., 1945). This
would seem to indicate that foals reared naturally become infected
very soon after birth. In the experiment recorded here, although the
foals were under one month of age at the time of infection, they had
comparatively long prepatent periods of 101 and 104 days. In the
preliminary experiment described in Chapter 1 foals aged & to 6
months developed patent infections on days 80 and 83 after infection
with 160 eggs and 8,000 eggs respectively. It seeééziikely that
the length of the prepatent period may be influenced both by the age

of the foal and by the magnitude of the infection.



CONCLUSIONS

After a single infection of 8,000 P. equerum eggs larvae were
found sedquentially in the liver, the lungs and the small intestine
in sufficient numbers to indicate that this was the normal migratory
pathway. Two days after infection no larvae were recovered from the
body organs, but the hepatic lesions suggested that penetration of
the liver had already occurred. The only site from which parasites
were recovered on day 7 was the liver but by day 14 the majority had
moved on to the lungs and a small number were present in the small
intestine. Between 14 ané 23 days after infection most of the larvae
returned to the gasitrointestinal {ract and the recovery of an ascarid
larva from the tracheal washings of a foal 17 days after experimental
infection gave support to the theory of a tracheo-oesophageal route
of migration.

The larvae moulted within one week after reaching the
- predilection site in the cranial part of the small intestine, and
were then easily recognised by the presence of 3 distincet lips at
the anterior end. The young ascarids grew rapidly in size but the
recoveries decreased in number after day 37 and this was aésociated
with an expulsion of dead worms in the faeces.

Patent infections developed on days 101 and 104 with high

faecal egg counts of up to 17,500 asc. e.p.g. in the surviving foal.
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CHAPTER 3

THE PATHOGENESIS OF PARASCARIS EQUORUM INFECTION

SUMMARY
Eight worm=-free pony foals, aged 2 to & weeks, received a

single infection of 8,000 Parascaris equorum eggs and the clinical,

haematological and biochemical changes were monitored. The foals
were killed at intervals after infection to investigate the route
of larval migration, which has been described in Chapter 2, and
this was integrated with a study of the sequential, pathological
changes.

Larval migration through the liver was associated with fibrosis
and cellular infiltration around the portal triads, but clinical
signs were not seen at this time and no evidence of hepatic
dysfunction was found using the Normotest.

Two io Lk weeks after infection, a cough and a mucoid or purulent
nasal discharge were present as the larvae migrated through the
respiratory system and returned to the small intestine via the trachea.
In the lungs there was a cellular infiltration around the small
vessels and airways, composed initially of eosinophils but these were
later replaced by lymphocytes. An additional feature on days 23 and
37 was the presence of multiple, subpleural, lymphocytiic nodules,
which resolved over a period of several months. A circulating
eosinophilia occurred during the migratory phase of the infection

and corresponded with the periods of hepatic and pulmonary eosinophilia.
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" During the later stages of the infection, from the third month
onwards, the growth and development of a lavge number of ascarids in
the intestinal lumen was accompanied by unthriftiness and lethargy,

with a marked depression of the growth rate.

INTRODUCTION

The resulis of the preliminary experiuent described in Chapter 1
provided some useful information on the clinical and haematological
changes associated with P. equorum infections. It was considered
necessary, however, to study these aspects of infection in a larger
group of animals before the information could be corirelated with the
findings concerning the life cycle and migration of the parasite.

The experiment described in Chapter 2, which involved serial
kills of a group of foals, was used in a detailed study of the
clinical, haematological and sequential pathological changes following
P. equorum infection. After evaluation of the data from this
experiment (Experiment 1), a further study was designed in order to
provide more information on the intestinal phase of the infection

(Experiment 2).

EXPERIMENTAL DESIGN

(a) Experiment 1

The design of this experiment is shown in Table 8. In summary,
8 worm-free foals, aged 2 to 4 wecks, were killed at intervals of
2, 7, 14, 23, 37, 73, 106 and 146 days after a single infection of
8,000 P. equorum eggs. Twe uninfected foals acted as controls for

the clinical and haematological changes.
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10 worm-fTree foals

2-4 weeks old

8 foals 2 foals

8,000 P, equorum eggs Uninfected
controls

One foal killed on days Not '
killed

2, 7, 14, 23, 37, 73,
106 and 146 afier

infection

TABLE 8 Experiment 1 ~ Design

(b) Experiment 2

A plan of this experiment is shown in Table 9. Six worm-free
foals under one month of age were used. Four foals received a single
infection of 8,000 P. equorum eggs, but the infection was allowed to
develop toc maturity in only 2 animals, which were killed 185 days
after infection (Group A). The other 2 infected foals were treated
each week with an*énthelmintic starting & weeks after infection
(Group B). The anthelmintic chosen was known to be effective
against ascarids present in the intestinal tract and it has been
shown in Chapter 2 that the majority of P. equorum larvae returned
to the intestine during the third and fourth weeks after infection.
Therefore, in the foals in Group B, larval migration through the

liver and lungs proceeded as usual, but the subsequent development

in the small intestine was prohibited. The 2 remaining foals
{Group C) acted as uninfected controls for the clinical and
haematological changes.

The foals were weaned at 6 weeks of age.
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worm-free foals

o~ weeks old

2 foals 2 foals 2 foals
8,000 P. equorun eggs 8,000 P. equorum eggs Uninfected
controls

Maintained until the
development of

patent infections

Treated wifh
anthelmintic at
weelkkly intervals
from 4 veeks after

infection

Killed on day 185

after infection

Not killed

Not killed

GROUP A

GROUP B

GROUP C

TABLE 9

Experiment 2 =

Deéign




SECIION 1

CLINICAL SIGNS

MATERIALS AND MET!ODS

(a) Experiment 1

Clinical examinations were performed daily and when signs of
respiratory disease developed speciél precedures wers emploved:
thoracic radiographs were taken in the standing position 16, 24
and 31 days after infection, and endoscopic examination of the
airways was performed under general anaesthesia on day 16. Also
serun samples, collected during the respiratory illness and again
6 weeks later, were examined for the presence of a vising titre to
the following viral pathogens of the equine respiratory tract:
equine influenza (Prague strain), equine influenza (Miami strain),
equine rhinovirus type 1, equine rhinopneumonitis and adenovirus.

Body weights were recorded at weekly intervals and routiue

faecal samples were examined twice weekly from day LO.

(b) Experiment 2

Body weights were recorded at weekly intervals from birth.
Brief clinical examinations were performed daily, and faecal senples
were examined twice weekly from day 40 for the presence of ascarid

eggs.

RESULTS

(a) Experiment 1

Table 10 summarises the clinical changes.

Rectal Temperatures

These remained between 37.400 and 38.9°C, which is within the

normal range.
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Respiratory Signs

Two to 4 weeks after infection, the remaining 5 infected foals
showed signs of respiratory disease. In each animal spontaneous bouts
~of coughing were first noted around day 13 and persisted for one to 5
days. During this time and fo:r a few days after spontanecus coughing
ceased, a cough could be induced by gently squeezing the trachea. A
bilateral mucoid or purulént nasal discharge accompanied the cough
and Figure 22 shows the typical white or greenish discharge which
tended to become dried and crusted around the nostrils. The severity
~of the respiratory signs varied greatly between individuals, but in
all cases the respiratory rate and character remained normal and
there were no signs of systemic illness. One animal, F6, which had
minimal respiratory signs coughed for one day only and did not develop
a nasal discharge, while the most severely affected foal, F8, had both
a cough and nasal discharge fﬁr over 3 weeks.

Serum samples taken during the respiratory illness and again 6
weeks later showed no evidence of a rising antibody titre to any of
the common viral paithogens of the equine respiratory tract. The
results of these investigations are shown in Table 11.

Endoscopic examination of foal F7 on day 16 revealed a copious
amount of tracheo-bronchial exudate in the major airways (Figure 23),
which looked glistening, white and frothy. Tracheal washings from
this animal contained epithelial cells, bacteria, macrophages, masses
of disintegrating neutrophils and occasional eosinophils, but
parasitological examination of the washings was negative. HNo pus was
present in the trachea of the control foal Cl1 and no cells were found
in the tracheal washings from this animal.

No abnomalities of the pulmonary or bronchial areas were visible
on thoracic radiographs of foals F7 or Cl on dayvs 16, 24 or 31.
Photographs of the X-1ay plates obtained on day 16 are shown in Figures

2L and 25.
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Days after | . Animal
Infection 6 F7 8 C1 ca
Equine influenza 16 {8 <8 K8 «8 <8
(Prague strain) 60 <8 - <8 €8 <8 <8
Equine influenza 16 <8 <8 <8 <KB <8
(Miami strain) &0 <8 <8 <8 <8 <8
Equine rhinovirus 16 10 10 10 10 10
Type 1 60 10 10 10 10 10
Equine rhinopneumonitis 16 12 LB 16
60 {8 132 <8 <8
Adenovirus 16 <8 24 <8 8 16
60 <8 <8 <8 <8 <8

TABLE 11 Antibody titres of foals to respiratory viral
pathogens following infection with 8,000

P. equorum eggs.

Body Weights

Clinically, loss of condition became obvious in the infected
foals from around day 60 onwards, while the controls maintained good
to fat bodily condition. Foal F6 showed a particularly rapid loss of
condition before it was killed on day 73, and F7 and F8 were both very
thin when killed on days 106 and 146.

The weight changes of the 2 controls and the 2 infected foals,
which were maintained unitil the development ¢f patency are
represented graphically in Figure 26. All the foals suffered a set-
back after weaning, but within 3O days the controls had resumed their
pre~weaning growth rates of 0.5 Kg/day. During the late prepatent
period, however, the mean weight gain of F7 and F8 was reduced to

0.17 kg/day. Over the entire prepatent period the increase in body
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weight of the infected foals was decreased by 50% compared with the
controlz. The clinical effect 5f these differences in growth rates
are shown in Figures 27 and 28, and the complete body weight values
are recovded in Appendix 6.

Other Clinical Signs

From day 50 onwards the infected foals became increasgingly dull
and lethargic, and spent long periods lying down. .Inappetance was not
a feature, however, and between periods of recumbency they ate hay or
hard food, The controls, meanwhile, were bright and active.

There were no signs of intestinal disturbances such as colic or
diarrhoea and nervous signg were not seen.

Developiment of Patency

Patent infections developed on days 101 and 104 in foals F8 and
F7 respectively, and the faecal egg counts of these animals are
recorded in Appendix 7 and have been discussed in Chapter 2. The

faeces of the controls were consistently negative for parasite eggs.

(b) Experiment 2

The infected foals (Groups A and B) developed a spontaneous
cough with a slight nasal discharge during the third week after
infection; the controls were not affected.

Changes in body weights of the individual animals are shown in
Figure 29 and, as in Experiment 1, all the foals showed a setback and
failed to gain weight for about 30 days after weaning. The uninfected
controls (Group C) gained 44 g and 50 Ig over the experimental period
of 185 days, while the infected but treated foals (Group B) gained
48 kg and 54 kg. All of these animals maintained good condition and
had negative faecal samples.

One of the infected, untreated foals (Group A) maintained good



FIGURE

FIGURE

28:

Foal clipped to show poor bodily

condition 14G days after infection

with 8,000 P. equorum eggs.

Bodily condition of a foal 146
after infection with 8,000 P.
eggs (right, clipped) compared

days
equorum
t™.th

uninfected control (left, undipped.)
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FIGURE 29 Changes in body weights of foals:
Group A - infected with 8,000 P. equorum
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cggs and subsequently treated
weekly with an anthelmintic.
Group C =~ uninfected controls.
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condition putting on 52 kg weight during the experiment. This
animal had a positive faecal egg count of 50 asc. c.p.g. on day 82
only, and at post-mortom examination a sinéle E;Mggggxgg_meaéuring
22 mm was found, The other foal in Group A became progressively
weak and cmaciated, and gained only 34 kg body weight. 1In this case
a patent infection develpoped on day 81 and the faecal egg count rose
to a peak value of 6,350 asc, e.p.g. on day 130, then declined to
around 500 asc. e.p.g. by day 160. A patent infection was maintained,
however, until the foal was killed on day 185, when a total of 33
mature P. eguorum with a size range of 148 nm to 233 mm were present.
The timing of the increase in faecal egg count is superimposed upon
the changes in body weight in Figure 30, showing that while the
output of ascarid eggs was maintained at a high level the foal was
actually lesing weight, but as the faecal egg output declined so the

body weight began to increase.

A study of the literature shows that a wide variety of clinical
signs have been attributed to parascariasis, but most of these
observations have been based either on field cases or on experimental
P. equorum infections superimposed on a natural helminth burden.
While this information from the field provides a valuable addition to
the knowledge of a disease and its epidemiology, to be of real
significance it should be backed up by laboratory results to confimm
the diagnesis. Under field conditions the animals are exposed to a
spectrum of pathogenic agents, parasiiic, bacterial, - viral and fungal
in origin, ail of which may contribute to the finai)ﬁisease picture.

Antipin and Stepanova (1948) studied the clinical aspects of

parascariasis by giving massive infections of P. equorum to a total
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of 7 animals which included both foals and mature horses. During the
experimental period one of the infected animals had a chronic cough
due to pullicnary emphysema, a second had strangles and a third
developed a large abscess with systemic illness. In their control
group of L, two began to excrete ascarid eggs during the irial and a
third died of unrelated causes. Thus, although Antipin and Stepanova
(1948) made many pertinent observations, the value of their work was
limited by the facilities available ét that time. 'The game criticism
may be applied to the studies of Hadwen (1925), who made no mention
of controls and did not describé the conditions under which his 3
experinental foals were maintained.

The only large-scale studies of experimental ascarid infections
of worm-free foals maintained under controlled conditions are those
of Bello et al. (1973) and Lyons et al. (1976). Both of these groups
of workers, however, were concerned primarily with the efficacy of
various anthelmintics against P. equorum, and their descriptions of
vthe clinical aspects of the disease were limited. A much earlier
paper (Welzel and Enigk, 1938) recorded the clinical signs that
followed ascarid infection of a single worm-free donkey foal.

In the series described here none of the foals died, but there
are several reports in the literature of deaths due toc intestinal
impaction by masses of P. equorum with oz without subsequent rupture
end peritonitis. Drudge and Lyons (1977), in a review of the
pathogenicity of the common internal parasites of the horse, stated
that the primary danger in parascariasis was rupture of the small
intestine resulting in fatal peritonitis. In their opinion this
complication was not necessarily related to the number of worms
except that "more than a few are required and a large number would
be more likely to cause a rupture.!" These authors also noted a

seasonal incidence with deaths in the autumn and early winter, which
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fitslin with the breeding season of the hofse and the prepatent
period of the parasite. Belilo et al. (1937) reported that 2 out of
5 foals died of intestinal impaction following a monospecific
infection of 5,000 P. equorum eggs, and at post-mortem examination,
582 and 1,118 P. equorum were found in their inteétinal tracts.

Several clinicians have recorded one or more fatalities
attributable to parascariasis. Wiltshire (1954) recalled at lecast
one death each year due to intestinal ﬁbstruction, whilsi Lang (1948)
reported 3 cases of massive fatal ascarid infections in yearlings.
Rylanés (1971) and Orr (1972) each recorded a single case of rupture
of fhe small intestine. In Ryland's (1971) report a 10 month-old
colt died after an acute illness lasting less than 12 hours. At
necropsy examination a hole, 1 cm in diameter and plugged with adult
P. equorum, was found in the wall of the small intestine, while the
lumen at.this point was packed with ascarids. Orr (1972) described
the case of a 4 month-old colt which died within 24 hours of the
onset of clinical signs. Post-mortem examination in this case
revealed a perforated duodenal ulcer, with one ascarid in the
peritoneal cavity and 3 in the stomach. It was the author's opinion
that the action of these worms had resulted in the perforation.

A rather unusual case of ascarid penetration through the
intestinal wall was given by Lebailly and Cadillac (195?),-who
described the clinical and post-mortem findings in a 15 year-old
horse. Animals of this age are rarely affected by parascariasis,
but in‘this case one specimen was found encysted in the mesentery
and another was attached tc the parietal peritoneum. It was supposed
that rupiture was due t¢ the direct action of the péfésites, but it is
possible that the rupture resulted from some undiagnosed and unrelated
cause. In their discussion of parascariasis, lebailly and Cadillac

(1957) cited another worker Carpentier (1939) who was said to have
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seen 23 cases of intestinal rupture in horses due to P. eguorum
probably the largest series of such cases.

Regpiratory disease has often been associated with parascariasis
but Drudge and Lyons (1977) made the point that experimental evidence
in support of this theory was lacking and, indeed, they felt that
agscarid larvae had been unjustly blamed as a cauge of coughing in
foals. In addition, Lyons et al. (1973) saw no eyidence of
rathogenic effects due to larval migration through the body tissues.
However, in the 2 experiments described here the infected foals
developed a cough and nasal discharge during the third week after
infection, whilst controls in the same air-space were free of.
clinical signs. The timing of the respiratory digease corresponded
to the period of larval migration from the lungs to the gastro-
intestinal tract and it would seem reasonable to assume that the
pulmonary migration of P. equorum was at least partially responsible
for the development of the respiratory signs.

The findings of other workers have suggested a relationship
between ascarid infection and the development of respiratory disease.
The donkey foal, which was experimentally infected by Wetzel and Enigk
(1938), received 2 doses of 100 P. equorum eggs cn alternate days
and was seen to cough sporadically between the tenth and eighteenth
days after infection. Similarly both Hadwen (1925) and Antipin and
Stepanova (1948) recorded the presence of a cough during the early
prepatent period following massive P. equorum challenge of foals with
pre~existing natural infections. Indeed the investigations of Hadwen
(i925) were prompted by an outbreak of ascariasis in young foals at
the University Farm in Saskatoon, where 3 animals died and *he
remainder suffered from 'colds'. The diagnosis in this instance was
based upon the expulsion of large numbers of ascarids following

anthelmintic treatment, but this was insufficient evidence to
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establish a Ycause and effect" relationship, since most foals of
this age would be expected to carry significaunt ascarid burdens.

Wiltshire (1954) noted, in retrospect, that some of the foals
which died of intestinal cbstruction by ascarids had shown earlier
symptoms of lung damage and, according to Russell (1948}, tihe
presence of a cough and sticky nasal discharge at weaning time was
often attributed to ascariasis by the owners.

Apart {raom the presence of a cough and nasal discharge during
the early stages of infection, the most obvious clinical signs of
. parascariasis, in the studies described here, were progressive
emaciation with increasing weakness and lethargv. TFour out of 5
foals infected with 8,000 P. equorum eggs had poor growth rates and
loss of condition became an obvious feature from about day 60 onwards,
wheresas infected foals treated with an anthelmintic after larval
migration through the liver and lungs had normal growth rates. 1In
Chapter 2 it was shown that the ascarids feund in the small intestine
on day 37 occupied a small volume only, but by day 73, although the
number of parasites had decreased, their volume had increased
enoimousiy. Therefore, it would seem that progressive unthriftiness
was associated with the presence of a large mass of P. equorum in
the small intestine. Inappetance was not an obvicus feature, but
the unthrifiy foals spent increased periods of time lying down, so
that food intakes may have been reduced in these animals.

The one infected, untreated foal which had a growth rate
comparable to the controls did not have a heavy intestinal burden
of ascarids, only one parasite being recovered at necropsy
exomination. This finding supported the theory that unthriftiness
depended upon the presence of a heavy ascarid burden in the

intestinal lumen, although it raised anocther interesting question in
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that the reason for the failure of parasites to become established
in this animal was not known. |

Bello et al. (1973) recorded increasing weakness in 8 out of
10 foals as infections of 3,000 P. equorum eggs became paient and
developed. Five foals, including one which maintained normal
condition, were subsequently treated with an anthelmintic, so that
intestinal worm burdens were not deteimined in these animals. An
average of 559 ascarids were recovered at necropsy from the 5
untreated foals, and it is significant that the one which was
unaffeéted clinically had only 56 ascarids, a much smaller number
than the unthrifty foals in the group. The failure of Lyons et al.
(19756) to mention the physical condition of their experimental foals
may have been due to the fact that none of these animals was
maintained beyond 49 days, and obvious debility would not have been
expected at this time.

Progressive loss of condition and a pot-bellied appearance were
noted after infection of young foals by Antipin and Stepanova (1948),
whereas animals which were over 5 months of age at the time of
challenge were not affected in this way. Chebotar'ov (1950) was of
the opinion that parascariasis was responsible for wasting and a
decreese in working capacity, which presumably referred to mature
horses, and finally Wiltshire (1954), from his observations of
naturally reared foals, was in no doubt that ascariasis was a
debilitating disease.

In the pig the development of clinical signs is usually
confined to the early stages of ascarid infection‘and Taffs (1969)
described the development of coughing, unthriftiness and loss of
‘weight in this species, a syndrome almost identical to that described
in foals. Kelley; Olsen and Hoerlein (1958) also recorded
respiratory dysfunction 6 to 12 days aftex ascarid infection of
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piglets. Nickel (1960} studied the weight.gains of fattening pigs
following experimental A. suum infection and found that the migratory
larval stages but not the presence of mature worms caused a decrease
in the daily weight gains.

Pyrexia was not a feature of the P. equorum infections
presented here although rectal temperatures were taken daily during
theAexperimental pericd. However, several authors, including Hadwen
(1925), Antipin and Stepanova (1948) and Ryazantsev (1956), have
recorded fever at intervals varying from one day to several months
after P. squorum challenge. The timing of the febrile episodes
showved no consistent pattern and may have been due to causes unrelated
to parasitism, since ail foals are exposed to a multitude of pathogenic
bagents, most of which can induce a mild pyrexia in the non-immune
animal. The effect of P. equorum in this respect is probably less
significént than early workers believed.

Other clinical signs sometimeslattributed to P. equorum
infection include colic (Antipin and Stepanova, 1948; Ryazantsev,
1956) and nervous disturbances or fits (McBarron, 1948), but again
it is speculative whether or not these signs were in fact associated
with ascariasis. For instance the description given by McBarron
(1948) of a horse "simulating an epileptiform seizure’ involved an
acute illness with tachycardia, hyperpnoea and pain in the
diaphragmatic region. The horse died the same day and at post~mortem
examination was found to have peritonitis with numerous ascarids in
the intestinal lumen but no mention was made of a perforation of the
small intestine. VWhen presented with another horse prone to similar
nfits" and with a high ascarid faecal egg count, Mcbér}on (1948)
administered anthelmintic treatment, numerous ascarids were expelled

and no further “fits" occurred in the ensuing 18 months.
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In conclusion it may be stated that the early stages of
P. cquorum infection are often accompanied by a cough and nasal
discharge, though the aetiology of the respiratory disease may be
complex. VWhen a heavy ascarid burden is present the later stages
of the disease are marked by unthriftiness and lethargy, althecugh
larval migration throughh the liver and lungs does not appear to
cause any permanent dysfunction. These were the only clinical
changes observed in experimental P. equorum infections in worm=-

free foals.



SECTION TII

v e e s s e o 2

(1)  PATHOLOGY

B

MATERIALS AND METHODS

All the foals were killed using a humane killer and‘routine
post-mortem examinations performed. In each case tissue vblocks for
histological examination were taken from the liver, the lungs and
the small intestine. The blocks were selected both from areas which
were appalently normal and from areas showing macroscopic lesions.
The fixation and staining procedures have been described in an

‘earlier section.

PATHOLOGY OF THE LIVER

RESULTS
A range of macroscopic and niicroscopic lesions were detected
in the feoals killed at varying intervals after infection.

Day 2

In the foal killed 2 days after infection the outstanding
change was the presence of small {less than 1 mm diameter), focal,
red spots on the surface of the liver. These lesions were scattered
over all surfaces, particularly the visceral surface.

On microscopical examination irregular, narrow tracts were
preéent throughout the liver. These were congested and infiltrated
by small numbers of mononuclear cells and eosinophils, with a few
neutrophils and macrophages. The tracts were most obvious beneath
the capsule (Figure 31}, extending into the liver along the inter-
Vlobular septae and they were also numerous in the interlobular

tissue between adjacent portal triads (Figure 32). Haemorrhage and
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FIGURE 31: Infiltration by eosinophils beneath
the capsule of the liver of a foal
14 days after infection with 8,000
P. equorum eggs. x 110.

FIGURE 32: Infiltration by eosinophils in the
interlobular tissue of the liver of
a foal 14 days after infection with
8,000 P. equorurn eggs. x 85-



necrosizs of the hepatocytes was minimal, although some haemosiderine-
containing macrophages vere seen.

Day 7 and Day 14

The focal, red spots described above had decreased in nunber
by day 7 and on day 14 very few remained. The most obvious feature,
however, waz the presence of small, white lesions, divisible
mbrphologically into twvo types. Some were rather diffusc and
irregular in shape, while others were more discreet and rounded
(Figure 33). They were found both on the liver surface and within
the parenchyma, and the rounded lesions on the surface tock the
forin of raised, subcapsular nodules (Figure 33). Only a Tew of
these white lesions were present on day 7, but there had been a
marked increase in number by day 1lk.

Microscdpical examination showed a cellular infiltration
congisting mainly of lymphocytes and eosinophils, but the proportions
. of these two cells varied between different areas in a single
section. When eosinophils were present in large numbers the lesions
tended to be rather diffuse and irregular in outline, whereas when
lymphocytes nredominated the lesions were more discreet and rounded.

Days 23 and 37

The focal, red spots were no longer present but small numbers
of white, rounded or irregular lesions were present in the livers
of the feals killed 23 and 37 days after infection and on day 22
a few white, fibrous tracts were seen on the visceral surface.

-
Iy

‘

Macroscopically the fibrous reaction was less marked by day 3
but on sectioning the liver it gave the impression of being fimmer
than usual.

Histological examination confinned the ﬁresence of a fibrotic

reaction on days 23 and 37, when fibrous tissue was found primarily
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FIGURE 33 The surface of the liver of a foal
14 days after infection with 8,000
P. equorum eggs showing diffuse,
irregular, white lesions and raised,
subcapsular nodules.



around the pertal triads and extending be%ween the hepatic lobules.
The amount of Tibrosis was variable even between different areas

of a single section and, although sometimes assocciated with
cellular infiitration, quite extensive fibrosis was often present

in the absence of a cellular reaction (Figure 34). The infiltration
was prominent around the portal iriads and again consisted mainly
of lymphocytes and eosinophils together with some plasma cells

and mast cells. The cellular reaction was particularly marked
around interlobular branches of the portal vein and thrombosis was
occasionally seen (Figure 35).

Days 73, 106 and 146

By 73 days after infection a few, white spots remained but
the fibrous reaction, which had been a feature on day 37 was no
longer evident on macroscopic examination. On days 106 and 146
onc or iwo rounded nodules were still present on the liver surface.

The histological changes were essentially similar to, but
less marlied than those seen on day 37, with fibrosis and cellular

infiltration arocund the portal triads.

DISCUSSION

The recovery of P. equorum larvae from the body organs has
been described in Chapter 2. Using a tecbnique of mincing and
baermannising the tissue no larvae were recovered from the liver
2 days after infection but the presence of numerous haemorrhages
suggested that penetration had already occurred. This was supported
by the histological appearance of the organ with irregular, narrow
tracts infiltrated by mononuclear ceils and eosinophils. The liver

was the only organ from which parasites were recovered on day 7,
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HFHGURE 34 :

HFGURE 33:

%

Fibrous tissue reaction in a portal
triad of a foal 23 days after
infection with 8,000 P. equorum eggs.
X 250,

Reaction in a portal triad of a foal

23 days after infection v/ith 8,000

P. equorum eggs. There is infiltration
by eosinophils and thrombosis of a small
branch of the portal wvein. x 250.



but by day 14 the majority had moved on to the lungs. No larvae
were found in the liver on subsequent occasiong.

An carly description of the hepatic changes follcwinglascarid
infection of foals was given by Hadwen (1925) who adninistered
massive challenge infections of P. cquorum, superimposed on an
underteimined naturally %cquired helminth burden. In a & month-old
foal infected twice, 5k days and 33 days before necropsy examination,
he described a granular degeneration of the hepatocytes with
accumulations of eosinophils under the liver cepsule and around the
vessels. Hadwen (1925) believed that this distribution of eosinophils
indicated that the larvae migrated in the cennective tissue around
the vessels.

Two other helminth parasites of the horse, which include a
period of hepatic migration in their life-cycles, are the large

strongyles, Sirongylus equinus and Strongylus edentatus. The larvae

of S. equinus migrate through the liver capsule causing a haemorrhagic,
fibrinous inflammation of the capsule, then penetrate the ducts, which
heal with considerable scarring (Enigk, 1970). 1In the case of

S. edentatus the larvae reach the liver via the portal circulation

and, according to McCraw and Slocombe (1974), within 2 to & days
after infection small, white foci appear on the surface. These are
similar in nature and distribution to the lesions seen in the
present study during fhnsgggzgg_migration, but differ slightly in
the time of appearance and the extent of the cellular reaction,

3

which was apparently more marked in S. edentatus infection. As the

strongyle infection progressed McCraw and Slocombe (1974) noted
that some hepatic foci had a "core" of necrotic eosinophils enciosing
remnants of a larva, but lesions of this type were not seen in the

present study of P. equorum infection.
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Ascaris suum infection in the pig has been the subject of

much research and the pathological change most comnionly described
in this species is the "milk spot" lesion, which was considered
to be a chronic, fecal, interstitial hepatitis (Oldham and Vhite,
1944). From their studies of single and repeated A. suum
infections of specific pathogen free piglets, Ferguson, Mebus and
Twiebaus (1968) formed the opinion that the milk spot lesion was
a hypersensitivity reaction. Copeman (1971) described 2 distinct
types of hepatic lesions in experimentally infected pigs; firstly,
diffuse, white areas composed of thickened capsular connective
tissue, which developed after bhoth primary and challenge infections,
and secondly, discreet nodules, which were present only after
reinfection. According to Nieberle and Cohrs (1967) nematode
larvae may be arrested in the liver sinusoids, where the dead
larva acts as a foreign body leading to the development of an
inflammatory focus, visible grossly as a circumscribed, greyish-
white nodule. These authors stated that it was possible to
recognise parasitic material in the fresh nodules, but in older
foci the larva disintegrated and was no longer visible. It would
seem, therefore, that the development of discreet, circumscribed
nodules in the liver is a non-specific reaction to the presence
of a foreign body. In the experiment described here it is prdbable
that the antigenic material was a dead ascarid larva, although

larval remnants were not recognised in the sections examined.
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(2) PATHOLAGY OF THE LUNGS

RESULTS
Lesions of several, distinct types were found, but not all of
these vere attributed to P. equorum invasion of the lungs. The

pulmonary pathology thought to be associaled with the migration of

P. equorum will be described first.

Day 2 and Day 7

No lesions attributable to parasitic invasion were found.
Day 1k

Petechial and ecchymotic haemorrhages were scatiered over the
entire lung surface (Figure 36) and throughout the parenchyma. On
closer inspection the interlobular septae were seen to be more
prominent than usual (Figure 37).

Microscopically the main change was a marked pulmonary
eoginophilia with eosinophil accumulations around many of the biced
vessels (Figure 38). The interlcbular septae and subpleural areas
were oedematous and infiltrated with large numbers of ecsinophils
(Figure 39). Tocal areas of alveolar collapse and eosinophilic
alveolitis together with occasional areas of alveolar haemorrhage
were seen and there was widespread eosinophilic bronchitis and
bronchiolitis {Figure 40) sometimes with a few eosinophils in the
lumina of the airways. Small numbers of neutrophils were associated
with the alveolar collapse otherwise the eosinophil was the main
cell involved»in the pathological changes at this time.

| Crogs-gsections of parasitic larvae were seen in some of the
smaller bronchi associated with a localised, copious, mucous exudate
and small numbers of eosinophils and lymphocytes in the adjacent

lamina propria (Figure 41). Occasionally a cross-section of a -
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FIGURE 36 The lungs of a foal 14 days after
infection with 8,000 P. equorum eggs,

showing petechial and ecchymotic
haemorrhages.

FIGURE 37 The lungs of a foal 14 days after
infection with 8,000 P. equorum eggs,
showing petechial and ecchymotic
haemorrhages with widening of the
interlobular septae.



FIGURE 38 Small pulmonary blood vessel surrounded
by eosinophils 14 days after infection
of a foal wv.dth 8,000 P. equorum eggs.

X 250.

FIGURE Oedermatous interlobular septac
infiltrated by eosinophils and a
focal area of alveolar collapse 14
days after infection of a foal i/ith
8,000 P. equorum eggs. x 35-



FIGURE 40 Numerous cosinophils can be seen both
in the lamina propria and migrating
through the hyperplastic epithelium
of a bronchiole 14 days after infection
of a foal with 8,000 P. equorum eggs.
X 250.

FGURE 41 Cross-section of larvae, surrounded
by mucus, in the lumen of a small
bronchus 14 days after infection of
a foal with 8,000 P. equorum ecggs.
X 250.



parasite was seen in an alveoiug (Figure 42), where it did not appear
to be associated with any reaction.
Day 23

Focal'areas of eosinophilic alveolitis were seeﬁ as in the
previous animal but more lymphocytes and macrophages were now
involved in the reaction.

In addition 6 subpleural nodules, 0.3 to 1.0 cm in diameter,
were found scattered over the lung surface. These were raised,
spherical, translucent, grey or grecnish in colour and consisted
of a mass of lymphocytes surrounded by a lightly defined, fibrous
capsule and a rim of eosinophils with a few eosinophils within the
substance of the nodule (Figure 43). Some nodules contained a
strongly eosinophilic amorphous material which was thought to
represént the remnants of disintegrating parasitic larvae, whilst
others had collections of large, pale~staining cells within them
vhich were remnants of bronchial epithelium.

Day 37

Numerous subpleural nodules were scattered over the lung
surface. Multiple slices were made of the lungs but no nodules
could be detected in any part of the lung other than subpleurally;
this was confirmed by random histological sections.

Microscopically there were narrow perivasgcular sleeves of
lymphccytes which appeared to replace the ecsinophils seen in the
earlier reaction. The interstitium still contained eosinophils but
accumulations of lymphocytes were now found both in the interstitium
and in the bronchiolar lamina propria.

Day 73
One solitary lymphoid nodule was present in a caudal lobe.
On histoiogical examination a few focal areas of alveolar

collapse were seen, sometimes accompanied by a lymphocytic reaction
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FIGURE Cross-section of a larva in an alveolus
with no apparent reaction of the alveolar
wall 14 days after infection of a foal
with 8,000 P. equorum larvae. x 400.

FIGURE 43 Section through a pulmonary nodule
showing densely packed lymphocytes
surrounded by a fibrous, eosinophilic
capsule 37 days after infection of a
foal with 8,000 P. equorum eggs. x 1t



and some prominent follicular lymphocytic 5¢cumulations around blcod
vessels and bronchicles.

Day 106

‘ Microscopically the lungs had the same appearance as those of
the foal killed on day 73. In both of these animals the lymphocytic
accumulations around the blood vessels and bronchioles had developed
germinal centre-like arease.

Day 146

The only macrescopic finding was the presence of 12 subpleural
nodules.

Microscopically there were a few areas of a mild eosinophilic
bronchitis and bronchiolitis. Very few lymphocytic accumulations
were present and these were much reduced in size from those found
on day 73. |

The pulmonary pathology is summarised in Table 12.

In all the foals except those killed on days 7 and 146 after
infection there were areas of reddened, collapsed, caﬁsolidated lung
tissue in the cranial and accesgsory lobes, which were not attributed
to P. equorum infection. These were particularly extensive in the
foal killed on day 106 and Figure 44 shows the typical distribution
of these lesions. The pneumonic areas consisted of collapsed,
consolidated pulmonary tissue with bronchitis and bronchiolitis.

The airways had a hyperplastic epithelium with neutrophils, mucus and
"lympheocytes in the lumina and an infiltration of neutrophils,
lymphocytes and plasma cells in the interstitiuwm (Figures 45 and 46).
Eosinophils were found within these areas in all the animals except
the one killed 2 days after infection.but they were not particularly
numerous and were confined mainly to the alveolar septas. Moderate
numbers of lymphocytes accumulated in the lamina propria of some of

the affected airwvays.
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FIGURE 44

Ventral surface of the lungs of a
foal 106 days after infection t/ith
8,000 P. equorum eggs showing the
distribution of the pneumonic areas



FIGURE 45

FIGURE 46

Section of a pneumonie lesion from the
lungs of a foal 106 days after infection
with 8,000 P. equorum eggs. The
surrounding alveoli are collapsed and
infiltrated by neutrophils, lymphocytes
and plasma cells. x 250.

Section of a pneumonic lesion from the
lungs of a foal I0O6 days after infection
with 8,000 P. equorum eggs. The airways
have a hyperplastic epithelium with
neutrophils, mucus and lymphocytes in
the lumina. x 300.



Mediastinal Lymph Nodes

The predominant changes in the mediastinal lymph nodes ave
shown in Table 13.

A Tew germinal centres were present on days 2 and 7. By day
ié the ncdes had an enlarged,; reactive appearance and contained
large numbers of eosinophils especially in and around the sinuses,
subcapsular area and blood vessels. Large numbers of these cells
were also secen in the perinodal fat. On day 23 the nodes were still
reactive with preminent gewmminal centres and moderate numbers of
eosinophils (Figure 47). By day 37, however, the eoszinophils had

largely dispersed and many active geminal centres had appeared

(Figure 48), which were most numerous on day 73 and had subsided

by day 106.

Days after Germinal
Infection Eosinophilia Centres
2 - 1
ré - +
14 OIS ++ }

23 ++ ++
37 + o+
73 - S
106 - +
146 - +
TABLE 13 Reactions in the mediastinal lvymph

nodes of foals following infection
with 8,000 P. equorum eggs.
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FIGURE 47 Section of the mediastinal lymph node
of a foal 14 days after infection with

8,000 P. equorum eggs. The sinuses are
increased in width and contain large

numbers of eosinophils. x 110.

FICURE 48 Section of the mediastinal lymph node
of a foal 73 days after infection with
8,000 P. equorum eggs, showing the
presence of active germinal centres.

X 35.
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It has been shown that the majority of P. equorum larvae reach
the lungs between 7 and 14 days after infection. They appavently
burst through the walls of the alveoli leaving a focal area of
haemorrhage and eosinophilia, then migrate through the alveolar
ducts into the bronchioles, bronchi and trachea from which they are
coughed up and swallowed. The pulmonary breaktihrough lesions
resemble ihose described by Jarreit, McIntyre and Urquhart (1957)

in calves infected with Diciyocaulus viviparus except that they also

found fereign body giant cells in the reaction which were not seen
in the lungs of fhe foals.

The predominant reaction provoked by the migrating parascarid
larVge was an eosinophilia of the pulmonary tissue which was
especially marked in the interlobular septae and subpleural areas.
There was considerable oedema in these sites and this has also been
mentioaed by Hadwen (1925) following the migration of P. equorum
through foals' lungs. Similar changes have been described in

Do viviparus infections of calves (Jarret et al., 1957; Simpson,

Wade, Dennis and Swanson, 1957).

The P. equorum 1ar§ae did not appear to provoke a local
reaction save for the exudation of mucus around them. However,
there was an eosinophilic bronchitis énd bronchiolitis which affected
most of tne airways and inferred that there was a delayed response to
the presence of larvae in the airways. The eosinophilia was
transitory and by day 23 had largely been replaced by a lymphocytic
reaction.

Subpleural lymphocytic nodules were firgt seen on day 37 and
had largely disappeared by day 73. Identical nodules have often
been noted in the lungs of foals and adult horses reared naturally

and subsequently examined at posi~mortem in the Glasgow Veterinary
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School. 7Tt is noteworthy, however, that lesiong of this type have
not been seen in the lungs of foals reared worm~free then given a
monospecific infection of S. vulgaris (xincan, personal communication).
Theiler (1918) found subpleural nodules in adult horses, whilst
Hadwen (1925) commented that in one of his experimental animals many
larvae had been destroyed during their migration through the lungs
and small, pearly white nodules were plentiful beneath the pleura.
Nieberle and Cohrs (1967) have also reported the development of
subpleural, lymphocytic nodules in horses, following the death of
parasitic larvae in the lungs. From the present small series of
foals it was not possible to determine the significance of these
nodules, but the presence of remnants of disintegrating larvae in
some nodules suggested that they may give some indication of the
number of parasites which had died or been destroyed in the lungs.
If an immunnlogical reaction were operating at the level of the
parenchymatous organs then an increased number of nodules might be
expecied in an immune animal.

Identical nodules cccur in certain parasitic infections in
other species. In cattle they are more numerous following

vaccinatinn with X~irradiated D. viviparus larvae (Jarrett and

Sharp, 1963; Michel and Mackenzie, 1965), treatment with
anthelmintics (Jarrett, McIntyre and Sharp, 1962) or reinfection
(Breeze, Pirie, Dawson, Selman and Wiseman, 1975}. In calves the
nodules persisted for at least 6 months following a double dose of

X~irradiated larvee (Pirie, Doyle, McIntyre and Armour, 1971).

In Metastrongylus apri infections of pigs the nodules are said to be
more numerous in long-standing infections and are a feature of

post~patent disease (Mackenzie, 1958).
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Clinical signs of coughing and muco-purulent nasal discharge
were first apparent areupd day 13 and persisted for about 10 days,
while worm-free foals in the same air—spacé were not affected. This
corresponds approximately to the period of larval migralion through
the respiratory system and their return to the gastreintestinal
tract. The pathological findings at this time were severe enough
to account for some clinical signs, but the possible role of the
cranial lobe phneumonia cammot be ignored. As these lesions were
present in the foal kilied on day 2 before larvae had reached the
lungs they were not thought to be related to P. equorum infection.
The evamination of paired serum samples failed to reveal the presence
of a rising titre to any of the common viral pathogens of the equine
respiratory tract. It is possible, however, that a mycoplasma may
have been involved and several mycoplasmas have been isolated from
the respiratory tract of horses by other workers (Allam, Powell,
Andrew and Lemcke, 1973). Two seem to be specific for the horse

and these have been identified as Mycoplasma equirhinis (Allam and

Lemclze, 1974}, and the unnamed N3 (Allam and Lemcke, 1975). A large
numbelr of horse sera were examined for the presence of complement
fixing antibody to these 2 organisms and 78% were found to be
positive (Hooker and Butler, 197G), but their pathogenicity has not
been established. Much more information is available regarding
infection of pigs with mycoplasmas, as this pathogen is involved in
the development of enzootic pneumonia, a respiratory disease which
may cause considerable economic loss. Underdahl and Kelly (1957)
found that pigs given A. suum plus an agent isolated from a case of
enzootic pneumonia developed ten times as much pulm;ga;y

consolidation as pigs given the enzootic pneumonia agent alone, but

pigs given A. suum alone did not develop ahy pulmonary consolidation.




They concluded from this that migrating ascarid larvae could enhance
the lesiong of a pre-existing enzootic prieumonia. This finding
could explain the presence of quite considerable pulmonary
consolidation in some of the foals and may be a factor in the

pathogenesis of P. equorum infections.
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(3) PATHOLOGY OF THE INTESTINAL TRACT

RESULTS

Very few pathological changes were evident on examination of
the intestinal tract. In the foals killed on days 73, 106 and 146
reddened areas were present on the mucosa of the cranial small
intestine (Figures 49 and 50), associated with the presence of many,
large P. equorum .

Histological examination of sections of the small intestiine
taken at 1 metre intervals did not reveal any consistent abnommality.
Occasionally an increased number of eosinophils was present in the
intestinal wall Sut this could not be correlated with the stage of

infection.

DISCUSSION

The infiltration of the intestinal wall by eosinophils could
not be related either to the timing of the circulating ecsinophilia
or to the stage of the parasitic infection and the present study has
also shown a virtual absence of damage tec the intestinal wall. The
adult P. equorum swim free in the intestinal fluids, ingesting food
by means of a sucking action of the pharvngeal or oesophageal muscles
(Fairbairm, 1957). Despite these apparently innocuous habits the
experiments described here have shown that the presence of many
asc;rids feeding on the intestinal contents was associated with a
loss of condition and poor weight gains in young foals, but the
physiological processes responsible for this syndrom; are largely
unknown. Further studies are needed to investigate the mechanisms
involved in the pathogenesis of the intestinal stage of P. equorum

infection.
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KHFIGURE 49 Sections of the cranial (above) and
caudal (below) parts of the small
intestine of a foal 73 days after
infection with 8,000 P. equorum eggs

HFIGURE 50 The mucosal surface of the cranial
small intestine of a foal, 106 days
after infection with 8,000 P. equorum
eggs.



SECTICON IIX

CLINICAL PATHOLOGY

(1) HAEMATOLOGY

MATERIALS AND METHODS

Experiment 1

The experimental design was described earlier in this chapter
{Table 8).

The haematological estimations were carried out on blcod
samples taken into sterile, heparinised vacutainer tubes at weekly
intervals. The parameters measured were PCV, total RBC count, Hb

concentration, total WBC count and differential WBC count.

RESULTS

The complete results of the PCVs, Hb concentrations, total RBC
counts and total WBC counts are shown in Appendices 8 to 11
respcctively.

Figure 51 illustrates the mean red cell indices of the 2
infected foals maintained until patent infections developed (¥7 and
fB) and of the controls (Cl and C€2). It can be seen that there was
some variation from sample to sample in bhoth groups but the infected
foals had lower values for each parameter throughout the experimental
period. Significant changes in the red cell indices attributable to
the parasitic infecticn were not seen.

The mean values for the total and differential WBC counts of
the infected and controel foals are shown in Figure 52, and although
there was, again, some variation between samples in each group,

significant changes were seen only in the eosinophil fraction. In
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the infected foals which survived bevond day 14, a circulating
eosinophilia was observed from the third week with a rapid rise to
reach maximum counts during the fourth or FTifth week after infection.
"In individual foals the peak values ranged from 0.98 x 109
eosinophils/l to 2.72 x 109 eosinophils/l. The number of circulating
ecsinophils then declined‘and was within the noimal range by week 6,
but rose again in foals F7 and ¥§ from week 9 onwards. In the control
group the eosinophil counts remained below 0.25 x 109 eosinophils/1
(i.e. 3%). The mean circulating eosinophil values of the infected

'foals F7 and F8 and controls Cl and C2 are represented graphically

in Figure 53.

DISCUSSION

From their studies of horses reared naturally and subsequently
challenged with experimental P. equorum infections Antipin and
Stepanova (1948) and Ryazantsev (1956) described a fall in total
red cecll and haemeglebin values with a rise in the total white cell
count. Chebotar'ov (1950), however, disagreed with these 1esults in
that he found no significant change in the red cell indices, whereas
the total white cell count decreased during the first and second weeks
after infection with an associated neutropaenia and relative
lymphocytosis. The latter author also noted a circulating eosinophilia
in the later stages of the infection. An increase in the eosinophil
counts was also reported by Antipin and Stepanova (1948) and Ryazantsev
(1956), who recorded maximum values of 8.5% and 16% respectively.
Hadwen {1925) described the occurrence of a circulating eosinophilia
soon atter the ascarid larvae finished their tissue migration and he
noted that this increase was more marked following reinfection.

Duncan and Dargie (1975) studied the haematological changes

following Strongylus vulgaris infection of foals and found an early,
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sharp rise in the total VWBC counts with an increase in the
neutrophil/lymphocyte ratio and an increase in the number of
circulating eosinophils. Other helminth infections of the horse

in which blood eosinophilia iz o feature include Dictyocaulus

arnfieldi (Round, 1972) and Strongyloides westeri (Greexr, Bello

and Amborski, 1974).

-

In experimental Ascaris zuum infection of calves Greenway and

McCraw (1970) found that Hb and PCV values renained within nommal
limits, while the number of circulating eosinophils increased
between 11 and 14 days after infecticn. These workers also recorded
an eosincphilia of the bone marvow which preceded the rise in
circulating cosinophils by 136 hours, and the increased number of
eosinophiis in the blood stream was often reflected by an increase
in the total WBC count. In the experiment described here the bone
marrow was not examined, but a circulating eosinophilia occurred
between 15 to 35 days after infection. This corresponded to the
period of pulwonary eosinophilia which was most marked in the foals
killed on days 14 and 23. The second rise in blood eosinophils,
from day 55 onwards, coincided with the expulsion of ascarids in
the faeces, but whether there was a relationship between thesa two
events is not known.

Bosinophilia is a feature of many helminth infections and there
is evidence to suggest that the eosinophil granulocyte may be a
parasite-killer cell (Mahmoud, Warren and Peters, 1975). The mature
eosinophil is thought to be an end-cell, incapable of further cell
division, which develops in the bone marrow, then circulates for a
few hours in the blood, before migrating into extravascular sites
where it dies or is shed from a mucosal surface (Basten, Boyer and
Beeson, 1969). These authors also stated that eosinophils do not

recirculate in the blood, and the circulatory system is thus a vehicle
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for itransport of the cells from their site of preduction to their
gite of action in the body tissues. It should be noted that
examination of blood samples for evidence of eosinophilia measures
only the number of cells which are in transit at that time and
gives no indication of either the rate of production of these cells

in the bone marrow or their activity in the body tissues.
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(2) SERUM PROTEIN ZIESTIMATIONS

MATERTALS AND METHODS

Experiment 1

Blood samples were collected at two-weekly intervals for serum
protein estimations. The samples were taken into sterile vacutainer
tubes, and left to stand for several hours. The serum was then drawn

4

off and stored at -SOC until the estimations were carried out.

RESULTS
The individual total protltein valuez of the 3 infected foals,
which survived more than 5 weeks after infection, and the 2 controls

are shown in Table 1h.

Weeks after
Infection Infected Foals Controls
2 51.6 45,5 54,8 48.4 52.3
4 48.6 4y .5 57.2 49.6 57.0
6 48.1 46.9 577 no sample no sample
8 51.0 50.4 59.2 L7.5 54.6
10 51.0 57.0  63.1 50.2  53.3
12 - 48.2 60.3 k9.7 58.1
14 - 45.3 54.8 50.8 56.8
16 - 38.0 57.1 8.5 53.4
18 - - 48.1 45.0 53.2
20 - - 53.2 46.5 51.4
22 - - Ly.5 46.1 51.8

14 Total serum protein wvalues (g/xl) of foals
infected with 8,000 P. equorum egys and
uninfected controls.

TABLE
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The mean values for the total protein and the albumin and
globulin fractions of thz infected foals, 7 and F8, and the cdntrol
foals, Cl and C2, are shown in Figure 54, In the infected group
" there was a steady increase in the total serum proteins from 50 g/1
at the time of infection to around €0 g/1 in week 10, due to an
increase in the globulin fraction. The values then decreased again
to about 50 g/1. 1In the control group the globulin levels increased
by a similar amount, but the albumin levels of these animals were
unaccountably low in weeks 10 and 14, and this was responsible for
a depression of the total protein value on these dates. The total
serum protein values of the controls were maintained within the

range of 48 to 55 g/1.

DISCUSSION

The normal ranges for the serum protein values of adult horses
were given by Doxey (1977) as total protein 60 to 83 g/1, albumin
25 to 37 g/1 and globulin 35 o 48 g/1. 1In the experiment presented
here the serum protein values of the. feals tended to be lower than
the normal values quoted above, but since both the infected foals
and the controls had low values the deviations were not attributed
to P. equorum infection. Indeed, Duncan and Dargie (1973), who used
pony foals of a similar breed and age, recorded serum protein values
within the same range as those reported here.

In studies of naturally acquired helminthiasis, Round (1968)
concluded that the serum protein levels gave an indication of the
extent to which a horse was infected by helminih species, the
pertinent change being an increase in the beta-globulin fraction.
This change has been recorded in expervimental infections of

Strongylus vulgaris (Drudge et al., 1966; Round, 1970; Duncan and
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Dargie, 1975) and in small stromgyle infections {Round, 197G). ﬁor
example following a priwmary infection of 1,500 §szE££ﬂ££§ in worm-
free ponies, Round (L970) found an increase im the beta-globulin
fraction from 12 g/l to a maximum of 30 g/1 at 16 to 20 weeks after
infection. This increase in the beta~globulin component was sufficient
to elevate the total glevbulin and total protein levels. Although the
serum globulin was not split into its alpha, beta and gamma components
in the experimwent described here, if there had been a gross increase
or decrease in ay of these fractions it would have been reflected in

the total gleobulin value. No such changes were seen in the infected

f°a15~



LIVER FUNCTION AS ESTIMATED BY THE NORMOTEST

In an earlier section it was shown that the migration of
parascarid larvae through the liver gave rise to marked pathological
changes in that organ. In order to investigate the interference
with liver function due to larval migration the Noymotesi was employed.

Most of the tests used to assess dysfunciion of the liver
require elaborate and expensive apparatus and reagents. The
Nommotest, however, is a simple coagulation test requiring a minimum
of laberatory equipment. It was devised by Owren for use in man,
and adapted for use in the horse by Allen and Archer (1972). The
liver has many diverse functions and the Nemmotest is based on the
fact that the blood clots as a result of a series of pro-enzyme to
enzyme transformations, involving a series of proteins, most of which
~are synthesised in the liver. VWhen the liver is damaged these factors
are diminished, with consequent alterations in the clotting

characteristics.

MATERTALS AND METHODS

Experiment 2

Details of the design of Experiment 2 have already been given
(Table 9). For the Nonmotest blood samples were taken into sterile,
heparinised vacutainer tubes on days 4 and 1 before infection, on the
day of infection and on days 1, 2, 5, 6, 10, 12, 15 and 19 after
infection. The 4 infected foals and the 2 conirels were sampled at

L

9 a.m. on each occazion.
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RESULTS

The Normotest values of individual animals are shown in Table 15
and the mean values for the infected foals and the controls are shown
in Figure 55. It can be seen from the graph that the Normotest values
of the infected animals were higher than thosé of the controls, by up
to 15% throughout the period of observation, but the values followed
a siﬁilar pattern in both groups. There were ne significant
alterations in the Normotest which could be atiributed to the

parasitic infection.

Days after Infected Foals Control Foals
Infection Group A Group B Group C
=4 Ll 89 70 73 70 67
-2 48 77 68 76 61 52
o] 51 87 77 81 6L 67
1 51 78 8o 76 60 68
2 51 75 8L 72 61 64
5 59 80 69 68 55 61
6 65 75 69 69 53 60
10 64 84 71 80 62 61
12 59 82 68 74 66 55
15 63 78 56 73 54 59
19 61 77 6k 71 56 60

TABLE 15 Results of the Nommotest (percentage) of foals
infected with 8,000 P. equorum eggs and
uninfected controls.
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The Normotest, expressed as a percentage hasz a nomal range of
85 to 140 in thoroughbreds, but lower values in the range 70 to 96
are found in ponies (Allen and Archer, 1972). The test reflects the
ability ol the liver to synthesise particular proteins, a function
which increases with age, so it is not surprising that the results
are.dependent upon age. Allen and Archer (1972) reported values
between 40 t¢ 60 in foals during the first few days of life. The
foalg in the experiment described here were under one month of age,
the samples being collected at the =zame time each day to avoid any
changes due to the diurnal rhythw. The infected foals had Norwotest
values which varied from 44 to 89, whereas the controls ranged from
52 to 70. None of these values was considered to be ocutwith the

nomal range for young pony foals.
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CONCILUSIONS

respiratory signs of coughing and a muceid o1 purulent nasal
discharge were present 2 to & weeks after infection. At this time
the foals were bright and lively, they continued to eat well and
the signs resolved without any treatment. During the later stages
of infection, from the third month onwards, the presence of a large
volume of ascarids in the intestinal lumen was associated with
dullness and lethargy, and the weight gains were depressed by up to
50% compared with uninfected contiols.

Two days after infection small, focal haemorrhages ware seen
oin the surface of the liver and irregular narrow tracts, infiltrated
by eosinophils were present throughout the organ. As the haemorrhages
resolved white lesions appeared which were either discreet and
rounded or diffuse and irregular in shape. The histological changes
.were most marked around the portal triads, and involved fibrosis aud
a cellular infiltration, predominantly eosinophils and.lymphocytes.
The results of the Nomotest, however, did not indicate any impaimment
of hepatic function associated wiih these liver lesions.

Larval penetration of the lungs was marked by the development
of petechial haemorrhages throughout the pulmonary tissue. In the
early stages there was an infiltration of eosinophils particularly
around the small blood vessels and airways, but theée cells were
later replaced by lymphocytes. Subpleural nodules, composed of a
mass of lymphocytes, appeared in increasing numbers from day 23 to
day 37, then decreased in number over a period of months.

The pathological changes in the émall intestiﬁé were minimal.
Localised areas of reddening were seen cn the mucosal surface and
an infiltration of the intestinal wall by eosinophils was sometimes

present.
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The only significant haematological change was a circulating
cosinophilia, which was maximal between 15 to 35 days after infection,
thus corresponding to the periods of hepatic and pulmonary
eosinophilia. There was a second rise in circulating eosinophil
levels from day 55 onwards. Changes in the serum protein values

attributable to P. equorum infection wore not seen.
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CHAPTER L
EXPETRIMENTAL PARASCARIS ELEQUORUM INFECTION
IN SIX 70 TWELVE MONTH-OLD FOALS

SUMMARY.
Eight worm-free foals, aged 6 to 12 months, received a single

infection of 8,000 Parascaris equorum edgs. Only a small number of

parasites returned to the intestinal tract, the majority dying or
bteing killed in the liver and lungs presumably by the development
of an age-dependent resistance to infection. The pathological
changes in the liver and lungs were similar to, but more severe than
those seen in younger foals. The pulmonary phase was marked
clinically by the development of an interstitial pneumonia.

Similar parasitic recoveries and pathological changes were
found in a group of three, 8 month-olid foals, which were reared
naturally then treated twice with an anthelmintic before being

challenged with 8,000 P. equorum eggs.

INTRODUCTION

Both Russell {(1948) and Belle et al. (1973) have noted that the
ascarid faecal egg counts of foals decrease rapidly between 6 to 12
months of age, patent infections seldom being found in mature
animals. It was not known whether thisg resistance to infection in
older animals was dependent upon an acquired immunity due to

previous exposure or whether age per se was an important factor.
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To investigate this aspect of infection a series of experiments was
designed in which experimental infections of older worm-free foals
were compared with similar infections of foals reared under natural
conditions.

Unfortunately the number of foals maintained under womrm-free
conditions for a prolonged period was restricted both by the expense
involved and by the availability of agcommodation. Therefore, the
groups of older'wormmfree foals were small and infection of these
animals was carried out at the same time as similar studies in younger
foals, which thus acted as controls for the infectivity of the eggs

and also for the clinical and haematological changes.

MATERIALS AND METHODS

Experimental Design

The design of the experiment is shown in Table 16. A total of
11 foals, 8 reared wormm-free and 3 reared naturally, received a
single infection of 8,000 P. equorum eggs. At the time of infection
2 of the womm-free foals were aged 12 months (Al, A2), & were aged
6 months (A3, Ak, A5, AS5) and 2 were aged 9 months (A7, A8).

The naturally infected foals were reared at gras=z with their
dams and faecal examinations at 6 to 7 months of age showed that
each animal had patent ascarid and strongyle infections. The foals
were then weaned and kept indoors under a regime which precluded
further helminth infection. Two anthelmintic treatmenis effective
against the intestinal stages of P. equorum were administered at an
intérval of 3 weeks. One week after the second anthelmintic
treatment the naturally infected foals, now aged 7 to 8 months and
designated N1, N2 and N3 received a challenge infection of 8,000

P. egquorum egygs.
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Parasitology

Following each anthelmintic treatment of the 3 naturally
infected foals, total faeéal collections were made over a period of
5 days. The faeces were crumbled by hand so that any large worms
could be picked out and identified. Specimens of P. equorum were
theh counted and measured.

At pogt-mortem examination the contents of each part of the
gastrointestinal tract were scanned for the presence of large ascarids.
The total contents of the small intestines were then preserved in
- 10% formaldehyde and a 20% aliquot was examined microscopically for
the presence of small ascarids.

Faecal samples were taken twice weekly from day 40 for

parasitelogical examination.

Clinicai Examination

Clinical examinations were performed each day. Thoracic
radiography and endoscopic examinations of the airways were under-
taken in foals A2 and A8 on days 16 and 31 after infection. The
body weights of foals A7 and A8 were measured at weekly intervals.

Heparinised blood samples were collected each week for
estimation of the PCVs, Hb concentrations, total RBC and WBC counts
and differential WBC counts.

Pathology

All animals in this series were killed using a humane killer.
Routine pest-mortem examinations were perfommed after which the
liver, lungs and gastrointestinal tract were studied i; detail.
Pathological changes were noted, and blocks of {issue were taken

to include both visible lesions and apparently normal areas. The

blocks were then prepared for histopatholeogical examination.
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RESULTS

Parasitology

Before anthelmintic treatment the naturally infected foals had
patent ascarid and strongyle infecticns. The faecal egg counts of
these animals, which were measured 10 days, 6 days and 2 days before

the first anthelmintic treatment, are shown in Table 17.

Faecal LEgg Cecunt

Animal 10 days before 6 days before 2 days before
Identification treatment treatment treatment
N1 50 asce @eDage 50 asce. €.peg.| 200 asc. CeP+gs

700 str. eepege | 750 stre eepage| 550 str. cup.g.

N2 50 asc. €.pege. 0 asCe €epPegs 300 asCe ©eDege

O str. e.p.g. | 650 str. e.p.g.| O str. e.p.g.

N3 O asces @ePegs 100 asc. c«Dege ] O asc. €epege.

O stre 2eDege 050 str. e.pege.| 100 str. e.peg.

ascs. e.p.ge = ascarid eggs per gran

str. e.p.g. = strongyle eggs per gram

TABLE 17 Faecal egg counts of naturally reared foals before
anthelmintic treatment.

Following anthelmintic treatment ascarids were expelled in the
faeces of all 3 foals. Details of these recoveries are given in
Table 18, and it can be seen that the largest number of worms was
passed by foal N2, with a total of 135 P. equorum, including 2
worms recovered after the second anthelmintic treatment. Foais N1
and N3 had 25 and 3 P. equorum respectively, all of which were

passed after the first {treatment.
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Animal 1st anthelmintic 2nd anthelmintic
Identification treatment treatment
P. equorum Size P. equorum Size
expelied range expeiled range
(mm) {mm)
N1 25 22-124 o} -
N2 133 LO-141 2 61-79
N3 3 46-105 0 -

TABLE 18 Recoveries of P. ’.__equorum from naturallv reared
foals follow1ng anthelmintic treaitments

s snn st i e S

from 23 to 56 mm long were picked out of the small intestinal
contents. A further 12 small specimens, 3 to 7 mm in length, were
recovered by microscopical examination of a 20% aliquot. This was
equivalent to a total recovery of 60 small and 5 medium-sized
ascarids. The other 2 foals in this group, N2 and N3, were killed
125 days after challenge and harboured a total of 22 and 3 P. eyuorum
respectively. The complete post-mortem recoveries from bhoth the
naturally reared and the worm~free animals are shown in Table 19.

Faecal examination was positive in one of the naturally reared
foals (N2) on a single occasion only, 90 days after challenge, when
a count of 50 asc. e.p.g. was recorded. All subsequent examinations
of faeces from boih N2 and N3 were negative.

In the group of worm-free animals, Al (12 months old) was killed
on day 14 during the migratory phase of the infection. This foal had
L larvae in the liver, 548 in the lung parenchyma, 6 in the pulmonary
airways and none in the small intestine. The remaining 12 month-old
foal (A2) was killed on day 30 after infection, when 360 P. equorum
were present in the small intestine, but parasites were not found in

any cther organe.



Animal Killed Patent No. P, equorum in

Identification Day Day the small intesiine

N1 naturally 30 - , 65

N2 reared 125 90 22

N3 foals 125 - ]

Al 1L - ¢

A2 30 - 360

A3 30 - 10

A wora-free 30 - 100

A5 foals 125 NP 52

A6 125 NP 0

A7 Not 104 -
killed

A8 Not 101 -
killed '

NP ~ not patent
TABLE 19 Numbers of wormg recovered at post-mortanm
examination from 6 te 12 month~old, worm-free

and naturally reared focals, following infecticn
with 8,000 P. ecuorum eggs.

Two 6 month-old foals {A3 and AkL), which were also killed on day
30, had totals of 10 and 100 P. equorum respectively. All of these
parasites were recovered by microscopical examination of the contents
of the small intestine. The 2 remaining foals in this age group
(A5 and A6) were killed 125 days after infection, when A5 had 52
large P. eguorum and A6 had no ascarids.

The 9 month-old foals, A7 and A8, were the only ones fram the
wonm—freg group to develop patent infections, but these animals were
not killed and so their parasitic burdens were not determined. In A7
ascarid eggs first appeared in the faeces on day 10%, with a count of
50 asc. e.p.g. This rose to a maximum of 350 asc. €.p.g. on day 122

and positive counts were recorded until day 130. The first recovery
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of ascarid eggs from the faeces of A8 was on day 101l: the count was
50 asc. @.p.g. and this rose to a maximum of 400 ase. e.p.g. on day
113. Patency persisted until day 150 in this case. The pattern of
the faecal egg counts of these 2 animals is shown in Figure 56, from
which it can be seen that the faecal examinations were frequently
negative, positive values being recorded intemittently during the
patent nhase of the infection.

Clinical Findings

The clinical changes are summarised in Table 19. Rectal
temperatures of all animals remained within the normal range of
37.4 to 38.900. The most marked clinical signs occurred in the
9 month-old foals (A7 and 48) which developed symptoms of both
respiratory and systemic illness during the third week after
infectior. By day 15 frequent coughing, a serous of serc-mucoid
nasal discharge and hyperpnoea were accompanied by depression,
inappetance and loss of condition. The foals gpent long periods
of time lying down, but, in the absence of any treatment, their
appetites began to improve on day 18. Over the next few days A7
and A8 became more alert and active until by day 24 they were
clinically normal, except for the persistence of a cough in A3
until day 30.

Endoscopic examination of A8 on day 16 revealed the presence
of an increased amount of tracheo-bronchial exudate. Bronchial
washings, which were examined cytologically, contained many
disintegrating eosinophils and macrophages, together with a few
bacteria, mononuclear cells and neutrophils. Thoracic radiographs
at this time demonstrated diffuse mottling and increased density of

the lungs with accentuation of the bronchi, particularly in the
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caudal lobes {(Figure 57). A follow-up radiogiaph on day 31 appeared
to be novmal (Figure 358). |

The respiratory syndrome described above was asscciated with a
temporary loss of body weight, but after A7 and A8 regained their
appetites they maintained good bodily condition throughout the
experimental period with weight gains of approximately 0.22 kg
per day (Figure 59).

A gimilar, but milder, clinical syndrome was seen in foals Al
and A2 (12 menthe 0ld). In these onimals & cough was present during
the third week after infection, accompanied by an increased amount
of serous nasal discharge, mild depression and a decreased appetite,.
On day 17, radiographic examination of A2 showed mottling and opacity
of the lungs with accentuation of the bronchi, but these changes had
resolved by day 31 when a follow-up radiograph was taken. The
endoscopic appearance of the airways of A2 on day 17 was apparently
normal, but bronchial washing resulted in the appearance of some
mucous exﬁdate. The body weights of feoals Al and A2 were not
recorded, but both animals maintained good to fat condition or
clinical examination.

In the 6 month-old, worm~-frec foals and the naturally reared
foals coughing was noted in all cases during the third week after
infection, with a mucoid or purulent nasal discharge, but neither
depression nor anorexia was a feature. Those animals which survived
beyond day 30 (A5, A6, N2, N3) maintained good bodily condition.
Pathology

(a) Liver ;

Compared with the vounger foalé the hepatic lesions were both
more numerous and more severe in the older animals. In the 12

month-old foal killed 14 days after infection all surfaces of the
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liver were covered with rather diffuse, white arveas (Figure 60).
Many of these had the appearance of irregular tracts, tegether with
a few discreet, rounded, subcapsular nodules, 1 to 3 mm in diameter.
These lesiong were also present in the substance of the liver tissue.
On day 30 the changes were similar but less severe and by day 125
only a few discreet nodgles remained beneath the capsule and within
the parenchyma.

The microscopical changes resembled those described in the
younger foals with fibrosis and cellular infiltration particularly
around the portal triads. On day 30 large lymphoid accumulations
were present often with a well-defined follicular structure
(Figure 61). An additional feature seen 1% days after infection
"was the presence of granulomata with giant cells and macrophages
around a central core of necrotic debris surrounded by some
iymphocytes and eosinophils (Figure 62). These lesions were thought
to have developed around dead ascarid larvae.

(b) Lungs

The pulmonary changes resembled those seen in the younger
animals. In foal Al, killed 14 days after infection, petechial
haemorrhages were numercus both on the surface and within the
substance of the lungs. No subpleural nodules were present on day
14 but by day 23 these lesions were a prominent feature, espacially
in the caudal parts of the lungs. They were more nunerous in the
older animals than in the younger ones and were particularly marked
in the naturally reared foal N1 at this time. On day 125 many
lymphoid nodules were seen in the worm-~free foals, whereas only a
small number remained in the naturally reared animals.

In the early stages microscopical examination of the lungs

revealed an eoginophilic infiltration particularly around the

bronchioles and blood vessels. The eosinophils were replaced later
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FIARE 60 The liver of a 12 month-old foal
14 days after infection with 8,000
P. equorum eggs.
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FIGURE Lymphoid accumulation with follicular
structure in the liver of a 7 month-old
naturally reared foal 30 days after
infection with 8,000 P. equorum eggs.

x 110.
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FIGURE 52; Granuloma in the liver of ”~i2 mon%h-
old foal 14 days after infection vdth
8,000 P. equorum eggs. x 250.



by lymphocytes which formed cuffs arcund the vessels and airways.
Many of the subpleural lymphoid nodules had a follicular structure
with gemminal-centre like areas.
Haematology
The mean red cell indices of the 9 month-old, womm-free foals,
the 6 month-old, worm-free foals, and the naturally-reared foals are
shown in Figure 63. The PCVs, RBC count and b concentrations of
the naturally reared group were sligﬁtly higher tﬁan those of the
worm-free groups throughout the experimental period, but no changes
attributable to P. equorum infection were seen.

The total and differential WBC counts of the 3 groups ave
shown in Figure 64. It can be seen that the 9 month-old, worm-free
animals had higher total WBC counts and a higher necutrophil/lymphocyte
ratio than the other 2 groups. After P. equorum infection there was

an increase in the number of circulating eosinophils between 2 to 5

weeks after infection (Figure 65). .

DISCUSSION
The results of the studies described here have shown that the
changes in the older worm-free foals were similar to these in the
naturally infected animals, indicating that age per se was an
important factor in the development of immunity to parascariasis.
There were marked differences, however, in the effects of P. equorum
infection in foals aged 6 to 12 months compated with those seen in
foals under one month of age, which were described previously.
Firstly, there were striking differences between the 2 groups
in the number of larvae returning to the gastrointestinal tract.
For instance, in the older animals killed 30 days after infection
with 8,000 P. equorum eggs, the 3 wom-free and one naturally infected

foal had only 10,100, 360 and 65 intestinal worms respectively,
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whereas 23 and 37 days after a similar infection the younger animals
regpectively. In addition, the pathological changes in the liver
and the lungs were both more numerous and more severe in the older
animals possibly indicating that the majority of infective larvae
died or were destroved in these orgsns before reaching the intestinal
tract. The 5 larger parasites recovered from the naturally reared
foal killed on day 30 were probably acquired at grass and may not
have completed their tissue migration at the time of anthelmintic
treatment.

In the 12 month-old foal killed 14 days after infection the
majority of larvae were present in the lung parenchyma, very few
being found in the airways and none in the small intestine. In
contrast, a young foal killed at this time had many parasites in the
airwvays and a small number had already retummed to the small intestine.
‘Another young feoal killed on day 23 had larvae in the parenchyma but
not in the airways, suggesting that migration in the trachea had
been completed. As a result of these findings in the younger animals
it was postulated that those parasites which remained in the pulmonary
parenchyma on day 23 were the target of an immunological respeonse and
would be destroyed in the lungs to fomm the basis of the lymphocytic
pulmonary nodules. A similar situation probably existed in the older
animals in that only a small number of womrms returned to the small
intestine, but the hepatic and pulmonary lesions increased in number
and severity.

. In the liver, lvmphoid accumulations and granulomata with a
central core of necrotic debris were present in the older animals,
and the latter lesions were identical to the inflammatory reaction

which haz been descrived in association with dead parasitic larvae
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of many species (Nieberle and Cohrs., 1967). Similarly, the subpleural
lymphocytic nodules in the lungs, which were thought to represent the
reaction around dead larvée {Nieberle and Cohrs, 1967), were increased
. in number. In the present study, the number and type of pathological
lesions did not show any variation between the 6 to 12 month-old,
worn--free foals, and the 7 to 8 month-old naturally reared foals

which were experiencing a reinfection. It would seem, therefore,

that both groups were reacting similariy.

Clinically, there was a fairly severe pneumonic syndrome in
some of the older foals during the third week after infection. The
radiographic changes of mottling and increased density with
accentuation of the bronchi suggested an interstitial reaction, but
this remains speculative since histopathological examination was not
performed at this time. Clinically and radiographically the
pulmonary changes had resolved by day 31 and this was supported by
the pathological findings. v

Loss of condition progressing to emaciation was a prominent
feature in young foals infected with 8,000 P. equorum edggs, whereas
the older animals maintained good to fat bodily condition throughout
the experimental period. The weight gains of the 9 month-~cold animals
were slower than those of the one month-old foals, but in many species
the rate of increase in body weight has been shown to decrease with
increasing age. The maintenance of good condition was consistent with
ithe parasitological findings at posi-mortem exemination: the older
animals killed on day 125 had totals of 0, 3, 22 and 52 P._ equorum
compared with the younger, unthrifty foals which had 3,165 ascarids
on day 73, 751 on day 106 and 123 on day 146.

The two, 9 month-~old foals developed patent infections, which

persisted for less than 2 months. The prepatent periods were within
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the range found in the younger animals, but the faecal eyg counts
wvere much lower. Peak values of 350 and 400 asc. e.p.g. were
recorded in the older foals compared with 17,500 and 6,350 asc. e.p.d.
in the young foals. In addition, one of the naturally reared animals
‘had a count of 50 asc. e.p.g. on day 90 but was negative on all other
occasions. Ascarid eggs were not found in the faeces of the other
animals in the group, although at postfmortem examination the worms
recovered were apparently mature and the reason for the failure to
establish patent infections in these animals was net known. Other
workers, including Baudet (1925) and Wetzel and Enigk {1938), have
been unsuccessful in their attemptis to establish patent P. equorum
infections in mature horses. It has also been reported that foals
£end to lose their patent ascarid infections from 6 months of age
onwards (Russell, 1948; Bello et al., 1973) and surveys in various
parts oflthe world have shown that the incidence of parascaris
infection is inversely correlated wiﬁh age (de Jesus and Uichanco,
1939; Langenegger et al., 1967; Poynter, 1970).

The eosginophilia in the oldevr, worm-free group was similar in
magnitude and duration to that recorded in the younger, worm-free
foals. In the naturally reared animals the circulating eosinophilia
was less marked, but these animals had a higher neutrephil/lymphocyte
ratio. However, they had acquired a mixed strongyle burden at grass
and since the anthelmintic used was not effective against migrating
larvae, the alterations in the differential WBC count may have been
due to the presence of strongyle larvae in the body tissues (Duncan

and Dargie, 1975).
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CONCLUSIONS

A group of 6 te 12 month-old foals, which had either been
reared worm-free or reared naturally and subsequently treated with
an anthelmintic, were infected with 8,000 P. equorum eggs. The
clinical, pathological and haematological changes, together with
the parasitic recoveries from these older animals were compared
with those described in Chapters 2 and 3 in 2 to & week-old, worm-
free foals.

The results showed the presence of a marked resistance to
P, equorum infection by 6 months of age in both the womm-free ahd
naturally reared animals. In both of these groups there was a
significant decrease in the number of woms returning to the
intestinal tract, while the number and severity of the lesions in

the liver and lungs were increased when compared with the younger

animals. It was thought that an immunological reaction was operating

~at the level of the parenchymatous organs with death of the larvae

in these sites and a consequent reduction in the number of intestinal

worms. In some cases the pulmonary reaction caused an interstitizl

pneumonia, but the development of a relatively small number of

ascarids in the small intestine was not associated with unthriftiness

or loss of condition. Patent infections developed in only 3 out of 6

older animals and the faecal egg counts tended to remain low.
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GENBRAL  DISCUSSION AND CONCLUSIONS

The work described in this thesis was undertaken in order to

assess the importance of Parascaris equorum infection in the foal,

since there is a dearth of infommation regarding the pathcgenic
gsignificance of thisg parasite.

It has been confirmed that the larvae of P, equorum undergo a
hepatic-tracheal route of migration and prepatent periods in the
range of 80 fto 104 days were recorded. It was concluded that
P. equorum may have a significant pathogenic effect in young foals
involving a mild respiratory syndrome during larval migration through
the pulmonary system, followed by unthriftiness and poor weight gains
due to the présence of a large mass of developing ascarids in the
intestinal lumen. The main hepatic changes consisted of an
~infiltration of eosinophils and lymphocytes and fibrosis, particularly
around the portal triads. In the lungs there was a cellular
infiltration, particularly around the small blood vessels and airways,
consisting primarily of eosinophils which were later replaced by
lymphocytes. 1In addition raised, lymphocytic nodules found on the
surface of the lungs were thought to have developed arcund dead
ascarid larvae. A circulating eosinophilia was present at the time
of the hepatic and pulmonary infiltration by eosinophils.

In foals over 6 months of age, irrespective of whether they had
previous experience of P. equorum infection, there,was an age-
dependent immnunity. This apparently resulted in the death of the
larvae in the liver and the lungs, oniy a few returning te tne
intestine. In these older animals the respiratory disease associated
with the pulmonary reaction to the migrating larvae was not

necessarily followed by unthriftiness or the development of patency.
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Observations in the field have suggested that transmission of
P. equorum from adult horses to foals is not an important factor in
the épidemiology, and the occurrence of a periparturient rise in the
éscarid faecal egg count of mares has not been .described. The
fecundity of the womns, together with the notorious longevity of the
ascarid eggs, suggests that the foal is the major source of infection
for other foals born either later in the same year or in subsequent
years. Little information is available regarding the action of
anthelmintics against migrating ascarid larvae but as a result of
the work described in this thesis it is recommended that foals be
treated from about 6 weeks of age with an anthelmintic known to be
effective against intestinal ascarids. This will prevent the develop-
ment of patent infections and so reduce the infection level available
to other foals, and will also minimisé the clinical signs of

unthriftiness in individual animals.
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APPENDIX 1

PACKED CELL VOLUMES

(1/1 RATIO)

AFTER INFECTION OF TOALS VWITH P. EQUORUM EGGS

Weeks 160 8,00C 10 x 160 Uninfected
after P. equorum P. equorum P. equorum Controls
infection eggs eggs egygs
0 0.32 0.33 0.37 0.39 0.36 0.36 0.32 0.33
1 0.30 0.32 C.36 0.37 .32 0.35 C.34k 0.32
2 0.26 0.28 0.40 0.35 0.31 0.32 0.3k 0.27
3 0.27 0.27 0.35 0.32 0.29 0.32 0.32 0.26
4 0.23 0.29  0.32 0.36  0.27 0.31 0.30 0.28
5 0.25 0.32 0.39 0.39 0.31 0.33 0.36 0.32
6 - 0.28 - 0.35 - 0.31 0.30 0.29
7 - 0.29 - 0.36 - 0.29 0.33 0,29
8 - 0.29 - 0.37 -  0.33 0.30 0.30
9 - 0.31 - 0.37 - 0.32 C.31 0.29
10 - 0.30 - 0.40 - 0.34 0.30 0.32
11 - 0.31 - 0.37 - 0.30 0.30 0.30
12 - 0.31 - 0.36 - 0.33 0.33 0.31
13 -  0.29 - 0.35 - 0.28 0.29 0.30
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APPEHDIX 2

LTI A 3 A AR S L

HARMOGLOBIN VALUES (g/dt)
OF FOALS AFTER TNFECTION WITH P. BQUORUM DGGS

Weeks 160 3,000 10 x 160

after P. equorum P. equorum P, eauotrunm Uninfected

infection eggs Quas egys Controls
0 12.7 12.6 ik.k bk 14.0 14.3 12.3 -
1 11.4 12.0 14,3 14.0 13.5 14&.0 14,0 11.7
2 7.5 1l.4 13.7 12.6 12,9 12.0 13.1 10.8
3 10.3 10.6 16.8  14.3 1.4 12.3 12.9 10.0
4 9.8 12.2 12.9 12.6 11.0 11.7 12.6 10.8
5 9.1 12.8 13.5 13.2 11.4 12.0 i2.7 12.3
6 - 11.6 14.8 14.8 - 11.7 12.4 10.6
7 - 11.8 - 13.5 - 12.6 13.4 12.1
8 - 11.4 - 149 - 12.9 11.4 11.8
9 -  12.6 - 14.6 - 12.9 12.8 12.0
10 - i2.9 - k.7 - 14,0 11.7 12.1
11 - 12.0 - 15.5 - 11.2 12.0 11.7
12 - 11.8 - 14.3 - 12.3 12.6 11.5
13 - 10.6 - 13.8 - 10.2 10.9 11.2
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TOTAL RED BLOOD CELL COUNTS (x 10>2/1)

APPENDIX 3

OF TFOALS AFTER INFECTION WITH P. EQUORUM EGGS

L, S ey

Weeks 160 8,000 10 x 160

after P. eguorum P. equorum P. equorum Uninfected

infectien egys egys aggs Controls
0 10.8 7.4 13.7 9.6 9.7 8.6 7.4 10.k4
1 11.2 7.3 11.7 10.7 10.2 9.3 9.4 9.5
2 9.3 7.4 i1.0 8.8 8.8 7.4 9.1 6.7
3 6.8 5.8 7.0 7.7 6.6 7.0 6.6 5.4
L 6.5 9.k 8.9 ¢.3 73 7.3 8.2 6.7
5 7.1 7.1 10.0 9.4 7.9 7.8 9.1 -
6 - 6.5 - 8.4 - 6.7 8.1 6.7
7 - 6.7 - 9.4 - 7.6 9.0 6.4
8 - 6.7 - 9.0 - 7.3 8.1 7.0
S - 7.6 - 5.9 - 9.1 8.1 8.9
10 - 7.3 - 9.9 - 10.2 745 7.0
11 - 7.0 - 8.8 - 7.2 8.0 6.6
12 - 7.6 - 7.7 - 9.0 7.0 7.2
13 - 6.9 - - -  10.4 7.1 6.6
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APPENDIX 4

TOTAL WHITE BLOOD CELL COUNTS (x 102 /1)
OF FOALS APTER INFECTION WITH P. EQUORUM EGGS

WVeeks 160 8,000 10 x 160 Uninfected
after P. equorum P. eaquorum P. equorum Controls
infection egys egys eggs
0 14.8 10.3 10.6 16.1 14,7 12.6 9.6 16.9
1 11.7 1l.1 13.L 15.4 i5.2 11l.9 11.2 18.4
2 9.2 14.8 9.8 13.9 13.3 9.1 7.6 13.9
3 9.2 9.9 10.4 15.6 15.3 10.6 6.9 13.7
L | 9.9 11.7 9.0 17.1 12.1 9.6 7.4 13.2
5 11.0 9.k 10.8 17.3 15.7 13.8 8.3 13.3
6 - 8.8 - 1l2.2 - 10.5 7.5 16.1
7 - 10.8 - 18.2 - 10.9 7.3 16.2
8 - 8.9 - 16.7 - 12.4 6.5 13.4
9 - 9.6 - 19.2 - 11.2 6.7 14.6
10 - 9.2 - 17.2 - 1l.Lk 6.8 16.9 |
11 - 11.4 - 20.9 - 9.3 7.8 16.7
12 - 14 - 18.8 - 13.3 9.3 21.0
13 - 9.1 - 14,2 - 7.8 5.8 13.7
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APPENDIX 5

FAECAL. EGG COUNTS (asc. e.p.g.)
OF T'OALS AFTER INFECTION VWITH P. EQUORUM EGGS

Da;]s 160 8,600 10 x 160

after P. equorum | P. squorum { P. equorum Uninfected

Infection eqgyus egys eqggs Controls
8o Loo 0 ‘ (o] o O
83 1,100 100 o o 0
87 650 150 0 0 o
90 1,650 200 0 0 ¢]
93 1,100 300 0 o 0
95 700 350 o o 0

No parasite eggs were found in faecal samples examined before day 80.
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APPENDIX "_6_

BODY WEIGHTS (Xgs) OF TFCALS
AFTER INFECTION WITH 8,000 P. EQUORUM EGGS

Z‘;::; Infected Foals ‘ Controls
Infection F1 F2 F3 Fh F5 F6 7 ¥3 Cl c2
-1 67 3k 27 L3 39 35 32 Lo 31 Ll
0 71 39 31 46 50 43 34 45 3k 46
1 - - 33 46 L5 43 36 46 36 48
2 - - 37 L9 48 46 Lo L8 37 L9
3 - - - 60 53 57 46 55 46 6k
4 - - - - 57 60 L7 58 50 66
5 - - - - 58 61 L7 59 49 68
6 - - - - 63 48 61 49 58
- - - - - - 62 Ly 63 Lo 65
8 - - - - - 63 L5 61 49 €5
9 - - - - - 59 Lk 59 48 64
10 - - - - - 58 4h 58 L7 6h
11 - - - - - - Ll 58 48 6
12 - - - - - - Lo 58 58 64
13 - - - - ~ - L5 55 56 64
14 - - - - - - 48 64 59 70
15 - - - - - - - 66 63 74
16 - - - - - - - .66 65 80
17 - - - - - - - 69 64 80
18 - - - - - - - 66 69 84
19 - - - - 59 67 83
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APPENDIX 7

FAECAL, EGG COUNTS (asc. e.p.g.)
OF FOALS AFIER INFECTION WITH 8,000 P. EQUORUM EGGS

Days after Infected Foals Controls

Infection 7 F8 1 : ca
101 0 150 0 0
104 550 800 0 0
108 - 600 0 o]
111 - 0 | 0 o}
115 - 100 O 0
118 - © 40O 0 o
122 - 12,500 O 0
124 - 17,500 0 0
127 - 15,500 0 o
129 - 2,200 o 0
132 - 50 0 ¢
136 - 1,550 o o
139 - 750 0 0
141 - 1,300 0 0
143 - 900 0 0
147 - 2,500 o o

No parasite eggs were found in faecal samples
examined before day 101.
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APPENDIN 8

e s o Bt i

PACKED CELL VOLUMES (1/1 RATIO)
OF FOALS AFTER INFECTION WITH 8,000 P. EQUORUM EGGS
Weeks » Infected Foals Controls
after
Infection F1 F2 F3 Fh F5 F6 F7 F8 c1 c2
-1 0,37 0.45 0.34 0,48 0.43 0.39 0.35 0.40 0.45 0.47
o} 0.36 0.4k 0.31 0.45 0.40 0.38 0.39 0.37 0.41 0.47
1 - 0.43 0.31 0.42 0.37 0.40 0.34 0.37 ©.h5 0.43
2 - - 0.31 0.42 0.37 0.40 0.34 0.37 0.43 0.40
3 - - - 0.Lk2 0,40 0.38 0.37 0.35 0.39 0.h42
L - - - - 0.34 0.37 0.30 0.34 0.39 0.37
- - - . 0.37 0.32 0.29 0.31 O0.41 0.38
6 - - - - - 0.41 0.27 0.31 0.39 0.38
7 - - - - - 0.42 0.30 ©.29 0.38 0.4
8 - - - - - 0.40 0.33 0.30 0.37 0.36
9 - - - - - 0.40 0.31 0.33 0.36 0.41
10 - - - - - 0.39 0.28 0.33 0.35 0.34
11 - - - - - - 0.27 0.33 0.38 0.33
12 - - - - - - 0.28 0.3& 0.33 0.39
13 - - - - - - 0.32 0.34 0.32 0.39
14 - - - - - - 0.28 0.27 0.32 0.37
15 - - - - - - - 0.31 0.29 0.37
16 - - - - - - - 0.29 0.28 0.35
17 - - - - - - - 0.31 0.31 0.35
18 - - - - - - - 0.32 0.27 0.28
19 - - - - - - - 0.29 0.30 0.33
20 - - - - - - - 0.29 0.3% 0.33




APPENDIX 9

HAEMOGLOBIN VALUES (g/d1)
OF FOALS AFTER INFECTION WITH 8,000. P. EQUORUM EGGS
Weeks Infected Foals Controls
after
Infection Fl F2 F3 Fh F5 F6 ¥7 F8 c1 c2
-1 14.3 15.5 13.2 17.8 15.5 14.9 13.4 13.8 16.0 16.1
0 14.0 18.2 12.9 18.5 15.4 14.5 13.8 14,4 15.7 16.0
1 - 19.1 12.1 16,8 13.7 15.4 12.5 13.8 16.3 16.3
2 - - 12.0 15.0 14,1 1hk.k 12.3 12.9 1€.0 16.3
3 - - - 17.2 15.7 15.4 12.6 13.5 16.3 15.7
1A - - - - 13.2 14.1 12.0 12.9 15.2 13.8
5 - - - - 14.8 15.7 11.3 11.9 17.9 1k.4
6 - - - - -
7 - - - - - 18.5 14,1 14.2 14.9 1L.6
8 - - - - - 16.1 13.8 12.2 17.3 12.5
9 - - - - - 16.6 12.6 13.2 16.3 17.2
10 - - - - - 15.7 12.0 13.2 15.0 15.5
11 - - - - - - 11.9 14.1 16.3 15.4
12 - - - - - - 12.9 1l4.L iL.1 16.6
13 - -~ - - - - 13.7 14.k 13.8 15.3
14 - - - - - - 12.2 12.6 12.L 16.3
15 - - - - - - - 12.0 11.7 9.7
‘16 - - - - - - - 13.5 12.0 11.1
17 - - - - - - - 12.0 12.9 12.9
18 - - - - - - - l2.0 10.0 10.0
19 - - - - - - - 10.6 11.4 13.5
.20 - - - - - - - 9.k 12.6 12.6
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APPENDIX 10

TOTAL RED PBLOOD CELL COUNTS (x 10°2/1)

OF FOALS AFTER INFECTION WITH 8,000 P. EQUORUM EGGS
Weeks Iinfected Foals Controls
after
Infection r1 F2 F3 Pl F5 F6 57 F8 ci c2
-1 9.4 9.2 7.6 10.3 9.5 8.9 7.8 7.8 10.3 10.0
0 0.1 9.9 8.2 10.2 9.4 8.5 8.2 8.8 0.2 8.9'
1 - 9.5 7.4 10.2 8.6 9.1 7.5 8.7 1l.1 9.2
2 - - 7.2 9. 9.6 9.1 7.5 8.5 10.0 9,5
3 - - - 10.7 9.8 9.3 7.1 8.4 9.7 9.
L - - - - 8.8 9.4 7.3 7.7 9.6 9.8
5 - - - - 9.1 10.6 6.7 8.1 10.4 9.8
6 - - - - - 7.8 7.7 8.2 9.9 9.2
7 - - - - - Tl 5.1 7ol 6.8 7.5
8 - - - - - 6.2 8.1 é.& 6.5 1l2.4
9 - - - - - 5.9 8.9 9.9 9.9 i2.4
10 - - - - - 5.5 8.8 9.1 10.1 11.7
11 - - - - - - 8.5 7.5 9.7 8.7
12 - - - - - - 7.8 8.0 9.2 9.3
13 - - - - - - 9.2 8.1 9.0 1il.2
14 - - - - - - 8.6 7.2 10.8 9.6
15 - - - - - - - 8.0 12.8 9.7
16 - - - - - - - 7.5 9.1 9.0
17 - - - - - - - 9.3 10.9 10.7
18 - - - - - - - 9.2 7.9 10.3
19 - - - - - - - 8.0 9.9 10.1
20 e X B
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APPENDIX 11

TOTAL WHITE BLOOD CELL COUNTS (x 1c>9/1)

OF FOALS AFTER INFECTION WITH 8,000 P. EQUORUM EGGS
Wecks Infected Foals Controls
after
Infection Fl, F2 k3 rh F5 F6 ¥7 F8 Ccl c2
-1 12.6 7.9 14,4 12.1 10.3 7.0 11.0 10.5 9.l 7.7
0 - 11.1 10.k 9.7 10.6 1k.3 6.7 11.6 7.0 8.k 10.7
1 - 6.9 10.1 10.3 13.4 0.5 10.9 8.0 ~ 12.6
2 - - 10.8 7.2 13.2 9.5 10.7 9.2 1l.2 9.6
3 - - - 15.3 16.2 9.7 13.3 10.5 12.5 9.5
L - - - - 13.2 12.2 1l2.1 10.8 11.6 11.0
5 - - - - 16.2 10.4 13.9 9.3 1k.7 8.3
6 - - - - - 7.7 14.6 8.7 10.6 12.1
7 - - - - - 14,3 14.8 9.8 14.6 10.0
8 - - - - - 11.3 14.0 10.4 13.6 12.1
9 - - - - - 7.9 13.0 8.5 10.7 11.0
10 - - - - - 7.9 13.3 8.0 12.5 10.k
11 - - - - - - 12.2 10.5 1l.4 11.2
12 - - - - - - 13.9 9.8 11.2 10.6
13 - - - - - - 10.5 9.6 10.5 10.3
1k - - - - - - 8.9 15.3 11.8 10.9
15 - - - - - - - 11.5 9.6 10.5
16 - - - - - - - 8.8 12.5 18.8
17 - - - - - - - 9.3 15.4 11.3
18 - - - - - - - 9.9 11.0 10.3
19 - - - - - - - 8.8 17.1 11.0
20. . - - - - - - - 14k.2 1i.0 8.7
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