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SUMMARY

In this thesis the literaiture pertalining to abomasal
parasitism of cattle ‘is reviewed in relation to temperate,
subtropical and tropical climates. Thia review is followed by
the experimeantal sections in which factors affecting the ecology
and epidemiology of abomasal parasitism are investigated in
Paraguay and Scotland,

In the eccology sections the free~living development of a

bovine trichostrongyle Haemonchus contortus suited to tropical or

subtropical eclimates and that of a hovine trichosirangyle

Ostertagia ostertagi more suited to & temperate climate were

studied under theoretically optimal conditions for each parasite,
In the sub~tropics namely, Paraguay, development of H, contorbtus
from egg to infective third stage larvae occurred throughout the
year but was apparently most successful during the winter and
spring. The numbers of larvae on the pasture at these times,
although sufficient Lo cause ;ignifieant infections in permanent
fracer catile under commercial farming conditions, were very low
in terms of the actugl yield of larvae from the numbers of eggs
deposited in the faeces, never exceeding one per cent. Survival
of the larval stages was closely linked to that of the intact
faecal pat and mortality occurred rapidly once the faeces
disintegrated.’

By ccntrast, survival of 0, gstertagi in the temperate
climate of West Scotland was nof so clesely linked to survival
of the intact faecal pat and infective larval stages were

capable of surviving in considerable nunbers for several months




beyond pat disintegration, Some of these larvae survived on the
herbage and others in the soil, possibly associated with
terrestrial transpor; hosts sueh as earthworms. Yields of
8, ostertagi larvae from eggs deposited were also low, bult not
as markedly so as those of H, contortus and in two montbs of the
year, namely, June and July, the percentage yield exceeded ten
per cent,

The ecolagy of another QOstertagia =species,

0, leptospicularis was studied for the first tine. Qenerally,

the results were similar to those of 0, osterfagi and yields of
infective larvae from epggs were again low except for the months
of June and July, A major difference cgeccurred in the ability of
the free~living stages of the two species to survive the winter

with only relatively low numbers of 0, leptospicularis being

present in the following spring.

Confirmation that O, leptospicularis and @, ostertagi had

similar requirements of temperature for thelr developrent but
differed in those required for survival were obtained under
laboratory experimental conditions, When inocula containing ten
per cent of 0, leptospicularis and 90 per cent of O, ostertapi
were administered to parasite-naive calves and passagad five

more times through other c¢alves the more fecund

0O, leptospicularis become the dominant speciles present in the

calves, reaching a level in excess of 80 per cent in the sixth
calf, When the larval progeny of the Ostertagia worm dburdens in
that calf were stored at 4°C for a periocd of several months to

simelate winter conditions, the {, leptospicularis larvae

sueccumbed completely, Xt was proposed that the lack of fitness




for survival at ¢old temperatures of (. leptaspicularis explained
why this very pathogenic azpecies was only involved sporadically
in outhreaks of bovine ostertagiasis. Where such cuthreaks
occdrred the source ofiinfeobion is likely ©to result from desr,
the natural host of this parasite, having grazed and contaninated
the fields prior to susceptible cattle.
The abomasal worm burdens of the permanent Uracer calves

examined in Paraguay were a mixture of species, namely

H. contortus, H, similis and T, axei., There was some evidence

that the proportions of these present altered seasonally and
gave rise $o clinical outbreaks of parasitic gastritis in the
late winter and spring. The I, axel burdens appeared to make a
major contribution to these outbreaks and although several
thousand Haemonchus spp. were also present the catile were only
mederately anaemie. While the seasonal nature of the worm
burdens may reflect the differing ecological requirements of the
free~living stages there was some indicatfion that the
interactions of the one species on the other, possibly involving
cross immunity, may also have been involved., In view of the
interesting resuits obtained with the two-Ostertagig species,
experimental studies are recommended to.evaluate the
interactions of fthe two Haemonchus spp. and T, axei.

Since recognition of larval stages at species level is a
pre~requisite to such'a programme a computer analysis comparing

data on larval morphology and measurements from 0, ostertagi and

O, lepteospicularis as a model was undertaken, Statistiecally

different resulis were obtained which were unfortunstely




difficult to recognise visually.
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A LITERATURE REVIEW OF YHE GASTROIRTESTINAL NEHMATODES
PRESENT IN CATTILE IN SOME TEMPERATE, SUBTROPICAL AND

TROPICAL ZONES OF THE WORLD




INTRODUCTIOR

Parasitic gastroenteritis (PGE) in catile is8 2z worldwide
problem which in the last few decades haz received an in¢ressing
amount of seientific attention., This is largely due to a growing
avarenezs of the serioug economic losses which can result from
even moderate burdens of gastrointestinal parasites,

PGE is a diseage seen mainly in young animals during their
first year of life, although animals up to 2 years may be
affected, Clinical symptons of PGE are rare amang adult stock and
generally only appear I the herbage larval iafestabion is high
and/orr the level of nutrition poor,

The most importent nematodes associated with PGE in catile
are:

(a) from the abomasum: Haemonchus contortus, H. placei,

By similis,; Ostertagia species including: 0.ostertagi,

O, leptospig¢ularia, Skrijabinagia (QOstertagial) lyrata, S, kolchida

and Trichostrongylus axei.

(b) from the small intestine: T, ¥itrinus, T, cclubriformis,

Looperia punctatsa, C pectinata, L, ongephora;
Nemstodirus helvetiznus, Bupostomunw phlebotomum,

Toxgccara vitulorum and Stronzgyloides papillosus,

(e)from the large intestine: Qescophagostomum radiatum,
1t is generally considered\that the abomasal parasites are
mnore patbogenic than those from the intestine, but since most
infestalions comprise a combinétion of gsnera at any one time,
their individual, as opposed to c¢ollective pathogenic effect on

the host can be difficuli to aazsess,
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The basic l1ife ¢cycles of most genera causing PGE in cattile
are similar, being direct and econsisting of exterral and inteprnal
phazses of developwent., Thus, by itz nature the successful
conpletion of such a Jlife cyecle is very largely dependent on
clinate. It follows that the parasite fauna in similar
geographical regions will be alike,

Thres distinct macro-climate types are recognised. These
are: TFemperate, subtropiecal and tropical and the distribution
and proevalence of gastrointestinal nematodes within examples of
each is discussed below.

Temperate Zone

& temperate climatle gepnerally has a mild molst spring,
foliowed by a warmer drier summer period, with a wet autunn
which precedes the onset of the coldest part of the annual cycle,
i.e. winter,

In areas of the Northern Hemisphere with 2 temperate climate
the normal grazing pericd for animelis is from late April to
October i.e, spring through autunmn, the animals being housed
during the winter; by contrast in the Southern Hemisphere catile
are usually grazed all year round. Throughout the temperate
'climatio zones O, ostertagi, T, axei and C, oncophora are the
main specles cortributing to PGE among cattle, While these three
species share a number of features which account for their
similar distribution O, osterfagi is undoubtedly the most
important as can be seen from the large numbers of diseasc
cutbreaks reported from all temperate regions of the world, which
are atbtributed to its presence in high numbars, {(Lrmour 1470;

Brunsdon and Adam 3975; Herd 1980).
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As the seasonal incidence of parasitic nemzatodes is closely
related to the ecology of their free~ilving siages, climate plays
an important role particularly in ghe developrent and survival of
these external stages, {Levine 1963). During unfavourable
conditions larval develovpment may not take place, can be delayed
for several weeks, or the larvae which develop way not survive
for long. When favourable, development can be rapid and survival
for many months is possible, Rose (1961), Willianms and Bilkovich
{1971, 1973) Gibson and Everett (1978), Y¥oung and Anderson

(1981). When lower temperatures prevall, egg hetehing and larval
development may cease, although the survival of larvae already
preaent on herbage or in faccal pats may be enhanced, (Levine and
Andersen, 1973). OQOnce ingezted, fthe establishment of a parasite
is affected by such factors as the hosits age (Herlich, 1960;
Viljoen, 1969; Gordon, 1973}, sex (Dobson, 1964; Bawden, 1969b),
nutritional status (Bawden, 196%9a), state of resistance (Donald,
Dineen, Turner and Wagland, 1964), presence of other parasites in
the preferred site (Reinecke, 197%4) or the host specificity of
the parasite (Southcott and Barger, 1975).

A rapid develcpment within the host coupled with a rapid
development on pasture leads to a short generation interval
(Donald and Waller, 1973) whereas delayed develcpment on pasture
ar arrested development in fthe host may result in only a single
generation per annum (Connan 1971; Waller and Thomas, 1975).

The seasonal availability to grazing calvgf of infective
larvae has been studied by several workers ia different parts of

the world. Thus, in the Northern Hemisphere, observations made
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by Anderson, Armour, Jennings, Ritchie and Urquhart {1969} have
ghown that over a 12 month period in the West of Scoviand, the
populations of Q, ostertagzd and £, gncophora in calves grazed
from Hay to October were highest in September and Oclober, tLhat
is at the end of the suwnmer grazing periled,

En England, Michel (1967) and Rose {1962) found that eggs of
0. ostertagl and £, ouncophgra deposited on the herbage in April,
May and June appeared as infective third stage larvae in mid-
July; thereaftér the pericd taken for eggs te hatceh and develop
Lo third stage larvae (L3) lengthened and by September little or
no development took place. This led them to the conclusion thak,
at least in Britain, only one generation of Q, aostertagi per
annur occcurred with a sescond generation possible only in some of
the warmer areas, Some dissension with the general concept of za
limited number of annual perasitic generations was shown by
LedJambre and Rateliffe (1971) who claimed that several
generations of H. contortus ocour annually in the State of New
York, USA, .

Similar epidemiological studies have been carried out in
Europe by Burger, Bckert, Wetzel and Michel (1966) in Vest
Germany, in The Netherlands by Kloosterman (1971), in Poland by
Malezewski (1979Q), in France.by Raynaud, Lauwdren and Jolivet
(1971}, ia Sweden by Nilsson and Sorelius {(1973), in Denmark by
Henriksen, Jdrgensen, Nansen Sejrsen and Xlausen (1975}, in
Switzerland by Eisenegger and Eckert (1975) and in Morway by
Tharaldsen {(1976). |

Studies carried out in North America by Malczewski,

Westeott, Spratling and CGorham (1975), Yazwinski and Gibbs

5
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{1975), Williams and Knox (1976), in Canada by Smith (1974) and
in winter rainfall areas of Australiz by Anderson (1971) and
Smeal, Robinson and Fraser (1980) have all demonstrated the
seasonability of infection with only & limited numpber of annual
cyeles,

In Britain, outbreaks of parasitic gastroenteritis have
been described by Martin, Thomas and Urquhart (1957), Reid,
Armour, Jennings, Kirkpatrick and Urquhart (1967), Taylor and
Cawbthorne (1972}, Tavlor, Cawthorne, Kenny and Regan (1973),
Cawley and Lewis (1976}, Selman, Reid, Armouvur and Jennings
{1976). Detailed field studies of suspected cutbreaks of PGE
dominated by 0, ostertagi were carried out in South West Scotland
and Horthern England by Anderson, firmour, Jarrett, Jennings,
Ritehie and Urquhart (1965h). From a detailed history of each
outbrealk, clinically affected and in some cases non~affected
cattle were obtained for pest mortem examinations. From the
results of this study it was apparent that the eliniczal discass
ocecurred in tw¢e wmain forms, The first, named TYype I
ostertagiasis, was seen in young caittle during the sunmer
principally between July and QOctober, and the other, Type II,
oceurred in late winter or spring i.e. Marohlto May, usnally in
cattle housed after their first grazing sesason, Working in
France, Raynaud {1978) classified ostertagiasis in a similar
manner i.,e, Type I in calves during their first year at pasture,
and Type II in animals after their first year at grass. He also
described a variant of Type II which he called “oesdematous

ostertagiasis® in young animals after their first or second
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winter i.e. where abomasal folds and somebimes the subuucosa, are
noticeably oedematouns, being filled with a watery fluid, HNodules
vere found on the mucosal surface,

8ince this original description of two distinet elinical
types of ostertagiasis, field and laboratory observations have
been carried out on the epidemiology of the two disease forms
in Britain by Michel {1966), Anderson, Armour, Jennings, REibchie
and Urqunhart (1965-1969), Armour, Jennings and Urqubart {1969),
Michel {1969}, Michel, Lancaster and Hong {1970, 1972, 1976},
Chiejina (1978), DPott, Jones and Cornwell (1978), Armour,
Bairden, Duncan, Jennings and Parkins (1999}, Bairden, Parkins,
Armour (1979}, Armour, Al Sagur, Bairden, Duncan and Urquhart
(1980).

The epidemiological patierns of PGE in Western Eurcpe are
egsentially similar Yo those in Britain with very little
variation in the incidence of species, Norwegian studlies have
shown that heavy clinical outbreaks of parasitism occur in young
calvezs in their fix*stl grazing period as a result of overwintered
larvae of Q, ostertegi and €. cneophora with N, helvetianus also
being present., Helle (1973).In Sweden, 0, ostertagi and
8, oncophora are the only gastrointestinal nematodes of econowic
importance in cattle, These two species are distributed all over
the country aad they almost always occur fLogether in mixed
infections, Nilsson (1973) Olssom (1977) and Nilsson (1981)

reported oatertagiasis due to overwintered larvae, Infections

with trichostrongylids are prevaleéent in tuae paiish ocattle
pepulation, the most frequently oceurring species being

D, ostertagd and g, oncovhora, but H, contorius, T, axei,
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N, helvetianus and Qe. radiatum can alsce be found (Jédrgensen,

Nansen, Henriksen, 1973).

In The Metherlands, Ogtertagia spp are the moat nunmerous

s LA S S

Bunostomunm and Qesophagostomum spp are seldom seen (Swierstra,

1973). Borgsteede and Van der Burg (1981) raported @, osfertagi

{69.2%) and T, axe’i {(75%) in the abomasa of dairy cows. In 1981,

the same authors on the basis of faecal egg counts and cultures
from adult deiry cows, reporited 0Q; psterfagl as the most
prevalent species (87.9%) with other genera being present in

lesser numbers -~ M. gontortus (7.7%), ITrichostrongylus app.

("7.7%), Bunosiomum spp {(13.1%), Oesophagostomum spp (9.4%),

C.. oncophora (8.7%), L. punctata (30.5%).

Trichostrongylid infections are very common in cattle in
Switzerland., Severe outbreaks of cstertagiasis were observed in
calves near Zurich by Eckert (1¢73) and when helminth-free tracer
calves grazed the same pastures nine species of parasites wers
recovered alt post mortem, but O, aostertagi, C. onecophora and

N, helvetianus were the most prevalent (Eisencgger and Eckert,

%975). The same parasites were mentioned by Eckert, Perl and
Inderbibzin (1981).

In France, parasitic gastroenteritis is widespread in
Nermandy and the wet pastures of the central and eastern parts
of the country, Euzeby (1973). The main parasitesiggncerned are:
0, ostertagi and £L_gggggg§gg in cattle {(Raynaud, Hage, Le Stand

and dJones, 1981)., Outbreaks of bovine ostertegiasis bave been




reported by Raynaud and Bouchebi (7976). In West Germany,

0. ostertazi, Trichnostrengylus spp and Cooperia spp are the

predomipnant species in cattle as reported by Burger {1Y73),
Bernkard, Barth and Lamina (1978) and Barth, Bernhard and Lamina

(1981). GQther species include Q, lvrata, 0, leptospiculiaris,

T, axei, Haemonshus apb and Cesophagostomun radiatum,

Although PGE has little signifilicance 1in the cattle
population ia Hungary, parasites such as Ostertagis, Haemonghus,

Frichostronsylns, Hematodirus and Looneria can be found; vet

outbreaks of the discase seldom occur (Varga, 1973).

FPatyk (1660) in Poland examined about 78 cattle in an
abattoir at Wroclaw and reported the following zpecies ;

Oe, radiatum, C, punctata, B, phlebotomum, QOstertasia lyrata and

I, discolor. The most prevelent were g, estertagi, G, oncophora

and H, contortus. Later, Maleczewskid (1¢70) found that

D, ostertagi, T, axei and H. contortus were the most important

parasites of cattle,

Pecheur and Peouplard (1974) in Belgium in a survey made on
fifty calves from four areas in the south of Belgium and examined
at an abbatoir, reported 0, ostertasi, C. onceophora and

N. helvetianus as the dominant species, these findings being

similar to those in other European countries.

In a survey of gastrointestinal parasites made in Austria
by Hinaidy, Gutierres and Supperer {1972) in which fifty-five
gastrointestinal tracts were examined the f‘ollowing___;peeies were

recovered: 0, ostertagi (803%), T, axei (66%), O, leptospicularis

(20;‘;), S. kolehida (18%), H. contortus (14%), S, lyrats (10%),




Spiculotersszia bohmi (4.1%), XRinadia matthevossiani (2%),
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Irichostrongylus longispicularis (2%), £, oncophora (4%},

. surnabada (18.1%), L. punctata (12.7%), N. helvetianus

{106.9%}, B. phlebotomum {7.2%), O¢. radiatum (29%), Oz, venulosum

(18.1%), Chabertia ovina (10%) and Trichuris discolor (1.8%).

cattle. Gutierrss (1972) described the same parasites from
bovines.

In Italy, Gallo (1962} reported outbreaks of
trichostrongylosis cavsing nortality among young cattle in South
Bastern Sieily. 0, osgtertagi was mainly responaible, but I, axed
was also present. Balbo (1973) recorded O, ostertagi (81%),
H, placei (61%), I. axei (25%), €. oncophora (27%) and

Qe, radiatum (41%). at necropsy of 44 catitle, Genchi, Preti and

Celano (1979) also found QOsgtertagia spp, Baemonchus spp and

Trichostrongylus spp at necropsy. Genchi and Forner (1980)

reported 0, ostertagi (91.30%), 0. lyrsta (2.18%) C. punctata
{6.52%), in the abomasa of 45 cattle, Vigliani (1981) described

Ostertagia spp, Trichostrongylusspp, Haemonchus spp,

Cooperia spp and Desophagostomum spp as the most freguent

parasites of calves,
In Spain, Valle Suaresz, Rojo Vasquez, Diez Banios (1979)
reported the following species in decreasing order of freguency:

0, gstertagi, C, oncophora, N, helvebtianus, 0, lyrata, T, axei,

H, contortus, 0. trifurcata, T, v¥itrinus and €, punchtata at
necropsy of 61 cattle in Leon, Spain,
In Canada, MeGregor and Kingacote (7957) =studying the

incidence of parasitism in an Ontario herd found that animals

10




under one Year were the most susceptible with 6U4.5% having
helminth infestations, followed by 3K.9% for animala of cne to
two years of age, while only 16% of the adult cattle were
infected., Smith and Archibald (1968) studying the effect of age
in the develoment of gastrointestinal parasitism pointed out
that animals which had little or no exposure to parasitisn are
nmuch more susceptible to the effects of parasibtes Lhan those with
a previous expoaure, irrespective of age. Later, Smiih {i970)

conpared the development of Q, gstertagi, C. gncophcra and

N, helvetianus din 15 month old parasite-naive yearlings and

parasite naive three month old cazlves and demonstrated that
yeariings have considerably greater resistance to gastro-
jntestinal parasitism than calves., Similar studies were carried
out by Frechette and Gibbs (1971) in Quebec and showed that fewer
adults than yearlings and fewer yearlingslthan calves wers
infeeted, the percentage of the three groups infected being
respectively, 14%, 21% and 32%. From faecal cultures it appears
that O, ostertagi was the most prevalent species (50%) fellowed
by Cooperia spp (32%) and Bunosteomum spp (11%). Smith and
Perreault (1972) recorded an outbreak of ostertagiasis in
yearlings and adult cattle in Ngw Brunswielk, Slocombe (1974) din
Ontario, Canada, showed that 56, 20 and 17 animals respectively
contained Ostertagia, Haemonchus and Trichostrongylus spp and 30

were negative for all nematodes. The predominant newmatode was

R mmrt 205,

0, ostertagi, but other species‘present included O, ftrifurcata,
S.

lyrata and 0, eircunmcinctla,

While ostertagiasis is widely known as & ocomnon disease

11
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eplity in cattle througheout North America and is very likely a
cause of major production deficiency dus to subelinical
parasitism, it is most common in the south central and acutih
eastern parts of the USA, particularly in those states bordering
the Gulf of Mexdco (Williams, 1983) and this is reported in the
subtropical section, Clinical ostertagizsis has beeﬁ reported

in the temperate areas by Bailey end Herlich (1953) in Georgis,
Becklund {1962}, Worley and Sharman (1966) in Montana and Herd
(1980) in Chio, A number of studies have been made on the
incidence and epidemiology of gaslrointestinal nematodesn of
cattie in the Northern U.S.8, Two sources of information were
taken into consideration: {a) worm counts at neercpay and (b)
serial examination of faecal egg counts and identification of
cultured larvae rom faeces,

Thus, by means of worn counts and parasiie identification at
necropsy, Malezewski, Westeott, Spratling and Gorham (1975) found
that QOstertagia spp was the most comnon nemaéode in Washington
State; Randall and Gibbs, (1977) working in Maine, found an

incidence of 85.4% for QOstertagia =zpp (0., circumecincta,

D, lyrats, O, pstertagi) and 81.2% for Cooneria spp

(C. memasteri, C, oneophora, £, punctata, {, pectinabs) in

nematodes recovered at necropsy of 48 animals., Other species

present included: H, placei, B. phlebotemun, T, axel and

N. helvetianus.

In their survey of Wisconsin dairy calves, Culierrss, Todd

Sy

and Crowley (1979) recorded Ostertagia spp (0, ostertazi and

O, lvrata) as the most prevalent genera (80%), {ooperia spp

(C,. oncophora, ¢, punctata, €. memasteri) and Trichestrongvlus
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spp (T, zxel, T, golobriformis and F. longlspicularis) were found

in 46,6%, H. placel in 427 and Qe, radiatum in 28.£% of calves,

By neans of faecal egg counts and idenbtificetion of infective
larvac cultured from faeces of calves, Leland, Caley and Ridley
(1973) in Kansas, found an incidence of 73% Covperia, 14%

Irichostrongylus spp and 3% Haemonchus with QOesophagoestomum and

Hematodirus spp being present in less than 1¥. Yazwinski znd

Gibbs (1975) working in Maine, examined the faeces of 250 animals
and found that 97% were positive for Llrichostrongylid eggs

(Ostertagia, Hazemonchus, Cooperia, Trichostrongylus)., Cox and

Todd (1862) recorded a 78% incidence of parasitism in Wisoconsin
dairy herds and Zimmerman and Hubbard (1961) an incidence of 50%
in Jowa herds,

In New Zealand, Brunsdon (1964) studied the incidence of

gastrointestinal nematodes in cattle and found that the most

important paraesites wvere QOstertagia spp, J. axei and
Cooperia spp. Similar findings in dairy calves were reporisd by
Brunsdon (1968; 1969; 1972) who concluded that O, ostertapi was
the most important parasite. Outbreaks of ostertagiasis have
been reperted in animals of all ages and from several parts of
the country by Wedderburan (1970), Bisset (1980} and
Chalmers(1980). |

In Southern Australia, throughout the temperate climatic

zeone, 0, ostertagi, I, axeil and G, oncoprhora are the main species

contributing to PGE among céttle according to Smeal, Hotson,
Mylrea, Jackson, Canpbell and Kirton (1%77), Bowan (1979),

Donald, 4lexen, Morley, Waller and Donnelly (1979) and Smeal,

13
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Fraser and Robinson (1980). Of the other cattle nematodes

Oe, radiatup and Iricopstrongylus spp occurred in low numbers and

Qe, venvuiogum was: seen oceaszionally (Smeal et al, 1677y

Anderson, Donald and Waller, 1983)., DOgtertszia spp are the
predominant and most pathogenic parasites of the tablelands of
New South Wales according to Hotson {(1967), Smeal et al (1977},
Bowen {1979), Smesl, Nichols, VWebb, Hobson, Dougherty and Harding
{19813, Peterson (1957) working in Western Australia, also
reporbed 0, ostertagi, and C, oncophora as ithe most important
parasites in the region.

In tewmperate Argentina, epidemioclogical studies carried out
by Bosa, Lukovic and Niek (1971) on the basis of faesczl ezg
counts and larval cultures, reported Q, ostertagi, . axei,

H, plseei, T, colubriformis, £, oncophora and other Cooperis spp

Stronayloides papillosus and Qesophagozbtomum spp in calves in

the district of ¥Tres Arroyos, Cnel, Pringles and Cnel. Dorrego,
Province of Buenos 8ires, Using the same methed, Rosa, Niek,

Lukovie, Vidal -~ Monje and Hofer (1977) recorded H. placei,

]

. gonktortus, O, osterfagi, Ostertagia spp, I. axel,

T. golubrifornis, G, ongephora, Cooperia spp, Nematodirus spp,

B, phlegbotomum and e, radiatum in calves in Concepcion del

Uruguay, Province of Entre Rios,
Entrocasso and Steffan (1980) found QOstertagia spp (57.4%),

Trichostrongylus spp (34.2%), Cooperia spp (6.4%), Haemonchus spp

(0.8%) and Oesophagostomum and Nematodirus spp. (0.14) at

necropsy of calves in Cnel Pringles, Provincz of Buenos Alres,
Epidemioclogical studies were carried out in temperate Chile

by Sievers (1978) in which 317 calves were grazed on rotational

14
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pastures; faecal egg counts and pasture larval populations were
monitored during the different secaszsons of the year. In aummar
{February) the pasture infestation was low al 9¢ L3 per square
metre (L/mz), increased abruptly to 49.200 L/m2 at the beginuing
of the zutumn rains (May) and by the end of auntvan {June) a
maximum of 59,600 L/m2 was reached, Numbers then decreased during
winter (July~-August) to 4,600 L/m® and in spring codnceiding with
grass growth (October) the larval infestation of the pasture had
decreased to 70 L/mz. From this result it was concluded that
calves which ingested the asutumn infestation were likely to
develop PGE.

Subtropical and Tropical Zones

Subtropical and tropical c¢limates are generally
characterised by very hot humid summers, a relatively warm wetl
autumn feollowed by mild winter conditions. 3Spring is similar to
summer conditions in temperate areas b2ing warm and dry. In the
more arid tropics helminth infections are considered less
important due to prolonged periods of drought plus the type of
vegetation present and the cattle management practissd (Rarger,
Bremmer and Waller, 1683). Examples of these climates are found
in North Western Austﬁalia, parts of Scuthern U.S5.A., areas of
Africa and South America and, unlike the majority of the
temperate areas, cattle in the tropies grase throughout the year,

The prevalence of helminth parasitism in cattie in the more
rainfall. The prevailing temperaturesy of these regions are

generally nigh enovgh to permit hatching and developuent of eggs

15
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to infective larvae all the year round;, alihough development may
be temporarily curtalled undsr very hot or very cold conditions
{(burie 1961, Roberts, 0'Sullivan and Rielk 1952, Bryan, 193%0),
Larvae can develop to the infective stage in one week Iin summer
or in two to three weeks in winter, Fortunately for the animzls,
this rapid and continuous rate of developwment is balanced by a
high mortality rate so that few larvae survive on pasture for
more than eight weeks, Haemonchus =pp, Coceperis 3pp and

Qesophagostonun spp are Lhe main genera responsible for helminth

disease in these areas,
Subtropical

In Alabama, U.S.A., Porter (1942) examining the
gastrointestinal tracts of 84 cattle reporied an incidence of 91%
for C, punctata, 83% for H, contortus and T4% for Q, osiertagi,

62% for B, phlebotomum, 59% for Qe, radiatum, 48% for 4, similis

e SO gl

y7¢ for X, axei, U443 for Trichuris spp (T, ovis and ¥, discolor),
32% for.g* pectinata, 21% for 8, papillosus and 15% far
N. helvetianus, Beecklund (1959) reported Haemonchus =spp in 82%,
L, punetata in 82%, T, axei in 72%, 0, ostertagi in 72%,

Qe, ragiatum 69%, C, pectinata 52%, H, similis #1%, Setaria gervi

34%, 3. golubriformis 7% and C, spatulata 7% at necropsy of

cattle in Georgia. Becklund (1961) later recorded H, contortus,

0, vsterfagi, T, axei, £, pectinata , £, punctata and

Qe, radiatum from calves in Florida,

In South Africa, Reinecke (1960) in a survey based on faecgal
egg counts of calves in the North Western Cape, a semi arid

region, reported H, placei, {, pectinata, B, phleboltonmux and

Qe, radiastum as the most common parasites and Hobbs {(1961)

16
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working In the Natal Coastal area found bthe sanme range of

parasites, including Ipichostrongylus spp in late winter,

A survey in which ftracer calves were slaughtered at regular
intervals in order to ascertain the incidence of parasitism
during differen{ months of the y#ar was carried out by Horak and
Louw (i878) on the Tvans;aal Highveld, Ipr their experiment in
which the calves were grazed for twoe months on an irrigated
pasture and then slaughtered, Haemonghus spp were the rost
abundant nematodes, the largest number being recovered from May
to August, Irichostrongylus spp (L, axei and I, golubriformis)
were recovered in low numbers, while the peréentage of Cooperia
spp (€. punctata and £, pegtinata) inereased from February to
June; 0O, ¢ircumcincta, N, spathiger and B, phlebotomum were also

recovered., Shroder {1979}, also using tracer calves found that

Looperia was the predominant speciea with a peak infestabtion in

S A BN

November, H, placei, B, phlebotomum and Qe, radiatum were also
present, the worm burdehs being higher during the rainy season in
the Northern Transvaal Highveld,

Epidemiological studies ecarried out in Salta, North
Argentira, which has & subtropical elimate with summer rainfall
and a single dry period in the winter, by Le Riche, Runhe and
Dwinger (1982) by means of worn counts at post mortem showed a

prevalence of Qesopnhagosgsiomum (90%), Haemonchus spp (89%),

Cooperia spp (T4%), I. axed (67%), Ostertagis spp (50%),

Iriohuris spp (43%), Dictyocaulus spp (34%), and Bunostomum spp

{14%) in calves. Bustos and Herrera (1973) alsco working in Salta

in dairy herds discovered a prevalence ¢f Haemonchus spp;

17
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Ostertagia app and Qooperiza spp in calves bhased on faecald egg
counts and larval culture, Also using faecal egg countls and
culture techniques Rosa, Niee, Lukovic, Dindart and Barberan
(1973) found a prevalence of Cooperia spp in cattle followed by

Oesophagostonum spp, Haemonghus spp, @stertagia spp and

Trichoshrongylus spp in Corrientes,

In ancther survey in Corrientesa, in which 4333 faccal
samples pooled by age, sex and race were exanined, Lombardsro,
Moriena and Schiffo (1976) reported the following: (Calves of =2ix
to twelve months of age were most frequently parasitised {(84%),
followed by three~year old bulls (62.8%), steers {(49.7%) heifers
(42%). There was no appreciable difference between Zebu and
European crossbred animals, Larval cultures were correlated with
the host type and monthly changes in climate. Haemonghus spp
(38%) were the most common, occurring throughout the year,
followed by Cooperia spp (20%), and Ostertaszia spp (13.1%) the
latter showingl a marked decrecazse during winter,

Yrichostrongylus, Bunostomum and Qescphagostompum spp rarely

appear above }2%.
In Paraguay, Allen, Ruiz, Massi and Vergara, (1965) recorded

Haemonchus spp, B, phlebotomum and Qe. radiatum a2s the nost

fregquently ccourring species in cattle and mention

Trichostrongyius spp, Ostertagia spp and Cooperia spp as also
being present at necropsy.

In Brazil in the subtropical area, several”surveys have
been carried out in different states, Thus, In Guaira, Sao
Paulo, by means of worﬁ counts and parasite identification at

necropsy, Nogueira, Costa, Machado and Kasai (1976) listed the
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following parasites in order of prevalence. L. punctata,

C, pecbinata, H, similis, H, contortus, T, axel, Q0s, radiatum and

B, phlebotomum. In Jabotical, Sao Paulo, Costa, Camposz, Kaszai,

Paulillc and Costa (1978) found ¢, punetata, C, pectinata,

H. gontortus, H, similis, T, azed, B, phlebotomum, Qe. radiatum,

S, papillosug, T, discolor, the first five species being

predominant, H. contortus, H, similis, T, axeil, B, phlebotcmunm,

C, punctalta, C, pectinata, Qe, radiatuvm and T, discolor were seen

by Costa, Noguiera and Costa (1978) in calves born in Guaira, Sao
Paulo. While in Barretos, Sao Paulo, Machado, Starke, Girio,
Samara and Berigo (1979) reported ¢, puncgtata (81.4%),

C. pectinata (34.2%), H. similis (63.2%), H. contortus (7.9%),

i (321.6%), T, colubriformis (18.5%9), e, radiatum (63.2%),

B.. phlebotomum (5.3%) in cattle., Using faecal egg counts and

larval culture data Fenerich, Groeeta, Moraes and Margues (1979)

in Vale do Ribeira, Sao Paulo, found thalt Haemonghus and

Trichoustrongylus were most abundant in autumn and Ccooperia during

spring. Other genera present were Strongyvloides, Bunestonum,

Irichuris, Dictyocaulus and Qesophagestomum.
Xrepigal

In Australia, in the more tropileal areas a marked incidence
of rain occurs in summsr, In Queensland, seasonal irends of
faecal egg counts have been examined by Roberts, O0'Sullivan and
Riekx {(1952), Riek, Roberts and 0'Sullivan (1953) and Winks

(1968). The species of helminth larvae encountered “at culture of

these faecal samples included M, contortuvs, T, axei,
O, . gstertagd, B. phlebotomum, £, punctata, L, nectinata,
19
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Nenatodirus aspp and Oe. radiatum. The najority of the outbreaks
occur during the drier and cooler montns of the yeer, namely July
to Octeber (winter - carly spring), possibly because iLhe
nutritional value of the pasture is much reduced afier the sumnmer
and autumn rains, Helminthiasis may orcasionally occur in late
spring or carly summer but such ocutbreaks are comparatively rare
and are usually assoeclated with very heavy pasture infeatation
(Roberts et al (i952). Infections with the temperaie zone

species, O, osteriagi, T, axel and . oncophora cecasionally

reach pathogenic levels in the coolest southeast of Queensland,
but are of little significance ¢lsewhere In the region
{(Anderson, Donald and Waller, 1683). Henderson and Kelly (1978)

working in the Fast Kimberley and Victoria River districts of

Horthern Australia reported H, placed and {ocoperia spp as the

most important species in young cattls, Only small nuubers of

B. phiebotomum, N, spathirher and Qe, radiatum were present in

the gastrointestinal tract of weaner and adult cattle which were
slavghtered bi-monthly over a two year period.

In a survey carried out by El-~Moukdad (1979) in Syria in
which 3% abomasa and small intestines were examined for the
presence of parasiles, he recorded the following nematodes:

0O, ostertagi (61.8%), C. oncophora (61.8%), C. punctata (47.1%),

T, axed (#1.2%), C, surnabada (38.2%), B, rhlebotomum (20.6%),

H, contorius (17.6%), I, vitrinus (11.8%), 3. lyrata (5.9%),

T. colubriformis, T, longispicularis and Toxogara vitulorum each

2.9%.
Savir, Keuman and Neuman (1964} working in Israel raported the

death of 10 beef cattle, the cause of death being atbtributed to

20




Page 21

0, oatertagi and T axei. In a survey ln waich the alimentary
tract of 100 cattle were examined Lo establisk the incidence of
parasitism Eslami and Fakhrzadegan (1972) in Iran found tLhe

follewing parasites: Gongylonema pulchrum, Haemonchug Spp

(H, contortus or H, placeil), G, oateprtapgi, I, axel

Marshallagia marshalli, £, pncophgra, 3. phlebotonmum,

S, bpapillosus, N, fillicolis, T, ovis, Ch, ovina, Q&, veanulosun,

Qe. rad um and Setaria cervi. Haewmonchus spp were guibte rare,

and on the whole, the level of parasitism was low,

In a survey in which egg counts and larval cultures were
perforned in order to establish the incidéﬁce of nenatoedes in
Japan, Endo, Hatta, Kishi, 1to, Taniguchi and Sano (i9714)

indicated the presence of £, oncophora, L, punctata,

..... T T —a

0, osbertagi, Mecistocirrus digitatus, T, axei, De, radiabtum,
R,

;.'3‘

=

elvetianus, Ch. ovina, B, phlebotomur and S papillosus, The
first four specles were the most common.
Similar s»vdwes carried out in Central Taiwan by Wang (1979}

revealed H, placei (14%), Q. ostertagi (5.9%), I. axei (5.8%),

S, papillosus (2.7%), Capillaria bovis (0.6%), B, phiebotomum

(0.3%), Tr churis spp (4.9%), Og, radiatum (8.8%) based on larvae

- 1Y

cultured from facces of 708 dairy cattle.
In tropical areas of Brazil, several studies have been made
on the incidence of paraslfes by means of worm counts at post

nmortem. Thus, in Minas Gsrais, Costz, Freitas and Guimaraes
] ? 1

(1970) descrived Haemonchus spp, Looperia spp, B, phlebotomum,

QOe, radiatup and ZT.disceolor in cattle. (osta, Costa, Guinaraes

and Freitas (1971) working in Minas Qerais, reported Cogperia spp
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in all of the 77 calves necropsied and more thzp 75% were

T, diseeolor. CGrisi and Nuernberg (1971) found an incidence of

B, phleboiomum in 82.4% and C, pectinate in 17.6%, H. similiz in

76.1%, H, contortus in 23,9%, Qe, radiatum in 26.1%,
B. phlebotomum in 23%, L. discolor in 7.6% and T, axel in 6.1% in
65 cabble carcasses in Matto Grosso. Costa, Preitas, Costa and

Guimaraes (1973) recorded a 100% prevalence of Cooperia spp

{(C, punchats, £, pectinata, £, oncophora} in 59 calves in

Calciclandia, Minas Gerais, with Haemopncbus spp in 88.13%

(B, contortus and H, similis), O¢, radistum in 79.66%,

B, phlebotomum in 79.66%, T. discglor in 83,05%, I. axei in

PN S s

61.029 and Trichostroneylus spp in 39,66%.

Guimaraes, Freitas, Casta and Costa (1975) necropsied 145

calves in Minas Gerais and reported Cooperia spp and O¢, radiatum

in ecalves aged 10 - 16 wmonths while numbers of H.aemoﬁghgg spp and

Trichostrongylus spp incereased up to 10 -~ 12 months of age and
8, papillosus reached a peak at § « 6 months. The gradual
increase in the numbers of helminths up to 15 -~ 16 months was

mainly due to (ooperia spp and Qe, padiatum. Barboza and Costa

(1977) found a prevalence of H, contortus and £, punctata (6Q0%)

at necropsy of 20 calves from the state of Ceara, but

H, similis, T, axei, . pectinata and Og, radilatum wers also
present. At necropsy of 12 calves, Barbozaz and Costa (1979} in
Fortaleza liéted H, contortus (91.66%), €. punctatsz (66.66%),
T, axel (33.33%), Qe¢. radiatum (25%), H. similis (8.33%) and

€, pnegtinata (8.33%). In eight calves nec¢ropsied in Rio Grande

do Norte, Maciel and Lima (1980) recorded the following parasites
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-~ H, coutortus, H, similis, T, axei, T. colubriformia,

C. punctata, €, pectinata, Cooperia spp, 8. vapillosus,

B, phlebotomum, Qe, radiatum, Trichuris spp in Rio Grande dao

Norte. OQliveira and Oliveira (1982) described a prevalence of

C.. punctabz and De. radiatum in 100%, T, oyis in 79%, Hasmonchus

spp 92.9%, Trichostrongylus spp in 29%, B, phlebotonum in 22% and

S, papillosva in 7.2%, at necropsy of 16 calves in Bazhia,
Duarte, Goumesn, Ssunttinna (1982) mentioned the rscovery of T1,4%

H., contortus, 11.4% T, axei, 22.9% B, phleboteomum, 11.4%

G, pectinata, 31.4% S, papillosus , 60% T, discolor, 29%

Trichuris spp pluvs 31.4%9 Qe. radiatum at sutopsy of 35 calves in

Cantagalo, Rio de Janeiro., Barhoza Cardozc, Nonato Girao and
Costa Murta (j979) recorded a 71% incidence of infection of young

cattle and 46% of adults with Haemonchus, Cooperias, Bunostowmum,

Strongyloides and Oesophagostomum by means of Faecal epg counts

and larvel cultures in Fortaleza, Ceara.

Costa, Costa, Silva, Carvalho, Castro and Galesco (1979)
found the following helminths in fourteen, 2 -~ 14 month o0ld
calves from Uruwana County, Golas, in decreasing order of
intensity of infection: £, punctata, H, contortus, H, similis,

Oe, radiatum, B, phlebotomum, T, axei, 3, papillosus,

T, discolor, €, pectinata and I, golubriforwis. The authors do
not mention how the identification was made.
A list of nematodes which inflect cattle was made by Chavez

{1953) in Peru. 1In this, the commonest parasites in cattle

include: H, contortus, 0, ostertagi, T, sxei,

N,
£, pungtata, 0QOe, radiatum, RB. phlebotomum and L, oncocphora,
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Iin Colombia, HMussman, Rave, Norman, Mullenax and Rincon

(1967) discovered Trichostrongylus, Haemonchus, Ostertasis and

Cogperia spp to be present in T71%, Bunostomum app in 21%,

Qesophagestomum spp in 20% and Strongyloides spp in 7% of 85

caltle at necropsy.

Vassiliades (1978) made a list of the most important
helninthz present in cattle in Senegal from =asamples talken from
gifferent abbatoirs at Senegal and bakar prespectively, He
mentioned Haemonchus spp, Irichostrongyvius spp, Cooperia spr,

e e e e e P LA A A A SRS

Qesecphapgostomum spp, and Strongyloides spp as the most important

helminths present in mixed iunfections in cattle,
Epidemiological studies carried out by Sauvage; Brown,
Parkinson, Rossiter and MecGovern (1974} in Uganda by means of

faecal egg counts and larval identification recorded Haemonrchuy

{0

spp, B, phlebotomum and 0g, radiafum as the most prevalent
parasiées. They also reported that calves under one year old had
higher e.p.g.'s.

Lee, Arnour and Ross (7960) in an investigation on the
seasonal availlability of infective larvae fo cattle in the
savannah grasslands of North Nigeria found that the highest

infestation with Hzemonchus spp, Cooperia spp, Oe¢scphazostonum

spp and Bunostomum spp cccurred during the wet seascon which
extended from May to Ssptember, the results being obtained by
periogdically slaughtering calves and counting and differentiating
their worm burdens.

Hart (1964) studied the incidence of nematodéé during the
dry season in Nerthern Nigeria by slaughtering groups of four

calves, in December, two months after the dry seascn started and
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in March, at the end of tne dry season. Heavier worn-purdens
of the dry season probably due to Lhe maturation ¢of arrested
immature stages, Fabiyi, Oluyede and Negedu (1979) reported an
outbreak of parasitic gastroenteritis four months after the

H, placei, C, punctata and €. pectinata

onset ¢f the dry season;
being the predcwinant épeoies prezenf, in two of the animals which
viere neeropsied. They assumed that the cutbreak must be due to
the maturaﬁion of inhibited larvae, because infective larvae are
usually absent from pasture durdng the dry season,

bPonald (1964) in Fiji, studied the incidence of gastroe-
intestinal parasiﬁism over a 3 year period by means of faecal egg

counts., He recorded the presence of £, punciaba, ¢, pectinata,

B, phlebotomun, H, pilacei, H, similis, Oe, radiatum,

Trichostrongylus sep, M, digitatus and Tox, vitulorum and found
that protection of calves from infection until they are & months
of age did not confer any advantage on the acguisition of
Ipathogenic infeétion, only deiayed it. The parasite burdens as
eztimated by egg counts were mare related to the age of the host
than to the season,

Epideniological studies were carried out by Cwen and Talbot
{1983) in Papua, New Guinea in which 3 or 4 tracer calves were
intfoduced every o weeks and allowed fo graze for the same period
together with permanent weaner calves. After 6 weeks of grazing
the tracer calves plus 3 or & weaner calves were syggghtered and

their worm burdens counted in order to establish the availability

and species of helminths present throuvghout the year. Fron the
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resuli of this trial ithe following species of nematodes wers

identified: B, placei, €. punctata, B, phlebotomum,

I, lepzispicularis, Qe, radiatum, S. papillesus, L, discolor and

Capillaria spp. The two most prevelent worm gaunera throughout

the trial period both in tracer and weaner calves were Hagmonchus

and Coopgria. Highesi worm burdens were reccvered during the wet
season which extended from Ocfober to April thus indicating the
close relationship between the level of pasture contamination and
rainfall. During the drier months larval availability on pasturs
as indlicated by the lower worm counts was relatively low.

In a survey of the incidence of gastrointestinal helminths
of cattle in the Phillipines, Dumag (1972) by means of
identification of eggs in the faeces of 345 cztile indicated the

following percentage of infection: Looperia spp 32.1, Haemonchus

spp 27.9, Qescophagostomum spp 21.7, Irichostrongylus =spp 16.9,

B, phlebotomum 14,7, M, digitatus 10.6, I. ovis 3.5,

S. papiliosus 1.8 and Tox, vitulorum 1.3, while Tongson and Caspe
{(1975) working in two provinces, Oriental Mindoro and Palawan and
utilising the same method reported Cooperia 2s the most commoen
parasite in both provinces (80.5 and 76.5% respectively),
Haemonechus was present in 971.1% of cattle in Palawan buvt only in
22% in Oriental Mindoro. 3Bupostomun was present in 78.5% at
Oriental Mindoro and 18.5% of these in Palawan.

Manuel (1979) in a review of gastrointestinal helminthiasis

listed M, digitatus, Haemonchus spp (H. contortus and

H, similis), Trichostrongylus svp (T, axei and T, coiubrifornis),

Bunostomum spp (B. phlebotomum and B, trigonogephalum), Cooperia

spp (C. pectinata and €, punctatz) and Oecgophazgostom spp
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{Qe, colombianum, Oe, radiatum), Tox. vitulorum and S, papillosug

as the most common species encountered in the field. Among the
dangerous parasites of cattle in the Phillipines,

Apart from these studies described abuve, there are a wvast
numnber of papers from the Middle East counbries and from Asia putl
the general pattern of species prevalence is the same and clearly
dictated by climate and host species present., One could a2lso
present. dgta on species ceccurring in other ruminants such as
goats and buffaloes but this would wmake the review excessively
vierdy.,

Summary

From the above literature search it is clear that thelmost
prevaleat gastrointestinal nematodes of cattle in the temperate
zones are the Ostertagia group particularly 0, vstertagi, with

lower numbers of O, leptogpicularis, Skrijabinagla lyrata and

X, axed all occurring in the abomasum and (., ongophora in the

small intestine, Occasionally, N. helvetianus, S. papillosus and
QOe, radiatum cause problems,

Clearly, the important parasite species in the sub-tropies
and tropics are different from those in the more temperate zones.
In the tropics Haemonchus spp is very important, Two Cooperia
spp, L. punctats and £, pectinata are alse very prevalent but it
should be pointed out that these are different and more

pathogenic species to £, oncopheora which predonminates In the

tenperate areas,

In the sub-iropics Hazemonchus spp (I, contortus/H, placei

27




Page 28

and H, similis), T. axei and the Ostertagia group are the main

problems in the apbomasum, In the small intestine two Cooperia

spp (G, peetinata and €, punctata) are prevalent, B. phlebeobomun

in the small intestine and Qe¢, radiatum in the large intestine

are quite coumon while many young calves harbour Teox, vitulorum,

However, 1in each zone the abomasal parasiles seem to

dominate with Oste

1,

varia spp pre~sminent in the temperate zone
with T, axed occupying zn intermediate positicn,

Froi the above review it is alzo c¢lear that in many tropical
areas a tremendous amount of effort has gone into identifying the
species of nematodes present and much less into studying the
seazonal prevalence of these infections and the ecology of the
Tree-=living larval stages. This 1s in e§ntrast to the studies in

the temperaste zones,

28




Page 29

MATERIALS AND HETBODS

Standard parasitologicai méghods were practiced throughout
these studies and are detailed in the following chapter. VWhere
necessary modifications/improvements in technique were introduced
and in scme instances new procedures designed.

EXPERIMENTAL ANIMALS

Indoor reared, parasite-iree nale calves were used
throughout the experimental procedures., Weaned animals of
approximately four montha of age and T0 kilograms bedyweight were
found to be the optimal size for handling and harnessing. Dairy
animals, mainly Ayrshire or Friesian breeds were used,
PARASITOLOGICAL TECHNIQUES

aec,; |

Faecal examination to detect trichostrongyle eggs was
earriéd out using the quantitative McMaster flotation technique
devised by Gorden and Whitlock (1939),

In the McMaster method three grans of faeces were
howpogenised with 42 ml of tap water. The reaultant'suspension
was then passed through a 250 micron aperture sieve (Endecotts
Tesi Sieves Ltd., Croyden) which retained the larger particles of
debris, After thorough mixing a 15 nl aliquot of the filtrate
was centrifuged in a flat bottomed glass tube for two minutes at
2000 rpm, The supernatant which contained the very fine debris
was discarded and the remaining faecal pellet broken up by
rotary agitation (Whirlmixer, Griffin and George Lfd,, Britain).
The tube was then filled to its former level with saturated

sodium chloride solution, inverted several times and sufficient
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of the suspension to £ill both chambers gquickly transferred to a
Helaster 8lide (Gelman Hawksley Ltd., England)., The number of
eggs/larvae underr both etched squares were then counted and the
reault multiplied by 50 to give the number of eggs per gram of
faeces,

“hen a sample proved negative by this technique a further
step was taken, The tube was filled to the top with saturated
godium chloride sclufion until a2 positive meniszcus was obtainsd.
A 22x22 mum square coverglass vwas placed on top, allowed to remain
in eontact with the solution for five winutes and then carefully
repoved and placed on a microslide, FEach egg/larva present was
counted and the total recorded as eggs ¢r larvae/gram of fasces,
In the indoor experiments, rectal samples were collected whilst
faecal pat material was used in the outdoor ecology study.

Faecal ¢ultures, both as a source of infective material and
for larvél morphology studies, were set up using a mixture of
faeces and vermiculite (horticultural vermiculite No. 2 sigze).
This was incubated in screw topped jars at 249C for 10 - 14 days.
The larvae were harvested by adding warm water to the Jjar,
allowing to stand for three hours and then subjecting the
suspension to the Baermann technique, To minimise the
possibility of ceontamination between speeies the faeces of one
animal only was processed on any one day and all sguipment
thoroughly sterilised,

A bag znd barness systen, sﬁown in Plate 1, wasiemployed to
collect facces from donor animals, separate bags and harnesses
being kept for the different parasite species,

For the ecolegy studies, faccal pats were artifically
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produced by collecting the total faecal output of 1 - 2 donor
calves over a period of seven days. This was bulked, thoroughly
mixed and aliquots of 400 - 500 grams transferred t¢ geparate
polythene bégs. During the collection period each day's fazeeces
wag stored at 4°C to prevent premature development of eggs.
Pricr to deposition, McMaster counts were performed on randonm
samples to determine the mean nunber of eggs per gram and so
provide an estimate of the numberz of eggs per faecal pab. Since
the egg output of individuwal donor animals varied considerably it
was decided to standardise the weight of the faceal mass rather
than attempt to have a uniform number of‘eggs deposited each
time.

Bxperimental plots

For the UK, studies two hectare plots of a paddock ungrazed
for two to three years wvere fenced off and marked ocut in 0.5
metre squares, Plastic lawn edging was then sunk to a depth of ©
cns to form Lhe pattern shown in Plate 2, At regular intervals
the grass over the entire area was clipped in order to maintain
an approrimate herbage length of 10 cms,

In Paraguay an area of 150 sq. metres was delineated into (2
strips each having a width of 1 metre. Longitudinal division was
achieved using bricks sunk to a depth of 10 ems bufl no transverse
sections were intreduced, A)1 other technigues regarding
maintenance of herbage length ete. were similar to those of the
U.E. project.

" Horm Burdens

At necropsy, abomasal worm burdens were established using
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the technique of Ritehie, Anderaon, Armour, Jarreitt, Jennings and
Urqubart 1966, The basié procedurs was as follows:

The calves wvere killed using a captive bolt pistol zand
immediately bled out. On opening the abdominal cavity the
alimeantary tract from rumen to large intestine was removed, As
soon as possible after death the abomasun yes tied off at the
pyloric/duodenal sphincter area to prevent losz of parzsites,

The abomasum was opened along its greater curvabure and
washed carefully under sigw running water., Ihe washings were
then made up to four litres and duplicate samples of 200 ml
removed and formalised, In addition the remainder of the
contents were passed through a coarse mesh sieve (250 micron
aperture) and the material retained on the screen formalised and
stored,

After seraping off the abomasal mucosa it was digested in a
pepsin/hydrochloric acid mixture for six hours at 42°C. The
digested material was made up to four litres with waler and again
200 ml samples taken for examination,

Prior to microscopy, iodine was put into the sample and on
transferring the 3§ ml aliguot to a lined petri plate for
counting, sodium thiosulphate solution was added. The parasites
retained the stain while the background clearsd thus facilitating
counting. For parasite speciation adulft worms frowm the unstained
duplicate pot vere used.

From the 200 ml sub sample ten x 4 nl aligquots were examinsd
using the x 12 or x 25 objective of a Wild M5 stereoscopic
microscope {Leitz) and the parasites present classified as adult

male and female, developing larval stages (DLH) and early fourth
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stage larvae (ELR). The percentage species establishment was
assecssed by mounting 100 male worms in Berlese’s fluld from vach
animal necropsied, Although male trichostrongylid parasites can
be readily identifiled to species level it iz more difficult Lo ac
classify fenmales,

Eerbage

A1Y herbage within the 0.5 m square was clipped uzing lawn
shears and placed in plastic bags for transport to the
laboratory, where it was weighed and immersed in 12 litres of
wvarm water to which a few drops of non-ionic detergent {Lissapol,
ICI Ltd.} had been added, After a minimum scaking of six hours
the herbage wag transferred to a fresh 12 litres of water and
again allowed to soak. 8ix hours later the grass was renoved,
wrung out and placed on trays to dry. The washings were passed
through a2 37 micron apeariure sieve and the mafterial retained
Baermamised. This latter step, ie. sieving, was not prazctised in
the Paraguay experiments.

A slight modification te the traditional Baerman: technigue,
as practised in this department, was adopted. Instead of passing
the larval suspension through a double milk filter {Maxa Filters
Ltd,) and then placing this larval side up on a metal supporting
siaeve, the washings were passed through a coarse filter paper
{(Whatmans No.1) using a Buchner apparatus. A single milk filter
was placed on top and the whole inverted and placed directly on
Ehe water surface of the Baermann apparatus. This was found to
be self supporting when Just enough water was used to enable the

outer rim of the milk lfilter to fold up to allow the sironger
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paper to rest on the funnel slepe,

There were Lwo maln advanbages to¢ this modification,
Pirstly it eliminated the loss ¢f larvae associated with thne uae
of only milk filters in the Buchner and secondly it greatly
reduced the possipility of cross contamination between samplez
via the supporting meshesz since the materizal used iz disposable,

Larval Heasurenent

Linesr meazurcemsnt of larvas or parts thereof is one of the

¢

main criteria used in their identificalion and has been achieved
in many ways, For example compass dividersican be employed or &
caliprated map measurer with a small rotating wheel whieh is run
over the larval trace can be employed. BRBoth of the latter
techniques are useful for estimating the length of reasonably
long straight lines but tend to be too coarse for =mz2ll distances
such as oesophageal or prolongation of sheath measuvrenents., In
order to achieve a more zceurate estimation of these it was
decided to adopt a more sophisticated approach. By courtesy of
Mr. Gorden of the (Glasgow University Geography Department a
computerised system with a programne capable of such fine work
tolerances was used. The basic¢ set-up included a microcomputer
(Commodore, Pet) linked to a digiliser and printer and is
illustrated in Plate 3, The lines to be measured were traced on
plain white paper using a microscope drawing tube {(Leitz Lid.) at
a known magnification, These traces were followed using =
digitiser which can effectively measurs very small straight
lines, In essence the trace was thus divided into a numbeyr of
straight sections, their measurenasnts recorded andé sumnated at

the end of the digitising process to arrive at the final figure.
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Plate 3.

Computer/digitiser system for larval measurement.




Staklisticsl Methods

Analysis of L1 and L2 stages was undertaken using a twe way
analysis of variance with factors of day of developuent and
gpecies, This enabled tests of significance for species
differences and species x day of development iateractions to bhe
undertaken, In the event of significant interacticons the pattern
of mean lesngiths of each zpecies on each day were examined.

Analysis of the L3 stages i,e. oescphagus, intestine, anus
to tail and sheath prolongation measurements werse undartalan
uging the two sample t-test p values of 0.05 and leas being
considered significant,

Soil

o d Al

In the outdoor eceology studies In Section E, after removal
of the hertage comnponent a single soil core was taken from the
area directly under the faecal pat af each time of sampling.
This was treated as described by Bairden (1980) except that the
core was not divided into layers. A process of scaking followed
by agitslion and sedimentation was employed to remove mosi of the
larger particles of soil and stones etce. The remalning
suspension was then passed through a 37 wmilceron sieve and the
material retained on this filter Basrmanvised. -As with the
herbage 10 nl were drawn off from the Baermann funnel after a
ninimum of six hours and the larvae in one ml {(i.e, 1/10th)

counted and identified. When this 1/10 sub sanple proved

negative the remeining 9 ml were examined,
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THTRODUCTYOH TO THE EXPERTMENTAL STODIES

In orde} te cont?ol and so prevent economic loss Lhe
seasonal prevalence of the parasile species involved and the
Ffactors affecting that prevalence require to be studied. 4&s
meptioned in the literature review, many of the studies in the
tropical countries have concentrated on identifying the species
available, rather than looking at thelr seasonal prevalence and
the ecology of the larval stages.

Twe technigques are generally employed for estimating the
prevalence of parasitism, In the first, thes populations of free
living laryal stages on the pasture are estimated by ccllecting
and processing herbage so as to analyse the numbers of larvacs
present in a fixed gquantity, usually a kilogram, of dried
herbage. This technique has been widely used in studies on
larval ecology in tenperate zones but muchk less so in the
tropices. This may be because of the type of extensive terrain
and the grssses present in the treopics whieh de not lend
themselves to this type of ahalysis but there is no reason that
the larval ecology cannot be studied on plots of specially
prepared ground as advocated by Armour (3982). Furthermore, the
technique is not costly to undertake. The main difficulty may
arise in the preparation of donor calves with monospecific
infections.

The second technique widely used is the use of indoor-reared
parasite-naive tracer calves, These are costly to rear and may
not be representative since they often £fail to graze alongside

the main herd because of the diserepancy in rearing methods and
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in some instances, age. However, this technicue has the
advantage that slaughter of these calves provides noti only an
estimate of the larval specles present con the pasture bub their
stadial distribution in the host and thia is important in areas
where seasonal arrested larval development occurs (Armour, 1382).
An alternative to using parasite-naive tracer czlves is simply Lo
vithdraw éattle for slaughter at regular intervalsas over a year
and analyse their worm burdens, These permanent tracers have the
advantage that they are representative of the herd or floek butbt
the worm count data lacks precision in relation to seasonal
prevalence because of natural loss of some of the worm population
{Armour; 1982),

In the first part of this thesis;, Sections A and B, the

ecology of the fres-~living stages of Haemonchus contortus,

primarily a tropical perasite is studied in a subtiropical

environment, namely, Paraguay and the seasonal prevalence of
H., contortus and other abomasal parasites are alszo studied in
Paraguay using permanent tracer cattle., 7The effect of‘age of the
cattle and the influence of parasite species interaction are alsc
investigated and analysed.

In the second part of the thesis (Sections ¢, I, E and F)
the factors affecting the develbpment and survival in a tewmperate
climate of two QOstertagia species, namely Q. ostertagia and
O, leptospicnlaris are studied under experimental and field
conditions ard this data coumpered with that of i, contortus in
Paraguay. The interaction of these two species following their
éimultaneous iroculation into calves is alsc studied,

Tables and Figures pertaining to each section are placed at
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the end of the text of each section and coded with the saction

letters and appropriate number.
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HAEMONCEUS SECYIORS (4 & B)

SECTIOR A

A STUNY ON THE ECOLOGY OF THE FREE~LIVING STAGES

OF HAEWOHNCHUS COHTORTUS IN PARAGUAY
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INTRODUCTION
The Genus Haemene

Though the first wmention of Haemonghus is probably that of

donann Christian Fabricius in 1790, it was only recognisably
descripbed by Karl Asmund Rudelphi who, in 1803, recorded an

abomasal parasite of sheep which he named Strongvlus cantortus,

The genus Stronpvlus gradually accumulated very lzrge numbers of

different specics and became so unwieldy that, towards the end of
the last century, many taxonomists made new giroups of species,
among them being Cobb who, in 1888, erected the genus Haenenchus

to accommadate Rudolphi's S, contortus.

More than twenty species of Haemonchus have been described,
but only nine are now recognised as valid in the recent and
probably definitive revision by Gibbons (1979) who, on a basis of
synonymy, has net only eliminated, among several others, the
previcusly widely accepted species H, prlacel, but a2lso the six
indeterminate sub-species of H, conteortus proposed by Das and
Whitlock (1960), Rao and Rahman {1967), Martinez Gomez (1968) and
Sulkhapesna (1974).

The genus ﬂaemogqﬂgﬁ probatly has its origins in Afrieca,
which is its chief endemic area, and where all nine species are
found. Six of these are predominantly parasitic in wild
ruminants, and the only three recorded outside Africa have

domestic ruminants as their principal bost, H, goentecrtus

ceeurring mainly in sheep, cattle and goats, H, sinilis in cattle

and water buffalo, and H, longistipes in camels (Gibbons 1979),

It has been suggested that these species have spread with theilr
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host from their origlnal African habitats, H, gontortus world-
wide, H, similis fo South America, the southern states of Norih
America and Asia, and H, loneistipes to Southern Europes and Asiz
(though it has not yet been recorded in the camels of lustralia).
In its geographical dispersion H, sinilis appears to have
retained some specificity within the host genus Bos, being
commoner in Zebu than in the humpless european breeds in South
America, in contrast to H, econtortus which infects B, taurus and

B, indicus indiscriminately,

Life Cycle of Haemonchus coentortus

. P ALIER S LA £ A

The 1life oyele of H, contortus is direct (Ranzon, 1906} and
consists of two parts: the pre-parasitic and the parasitic
phases, The pre-parasitic phase takes place outside ths host and
starts with the develcpment and hatehing of the fertilised egg to
the first larval stage. This larva progresses by two moults to
the third or Infective stage, The time taken for this pre-
parasitic phase of the cycle fto reach its conelusion is variable
depending on external factors such as temperature and humidity,
but, under optimal conditions this may be only four days., The
female parasite can lay 5000 - 10,000 eggs per day and has one of
the highest biotic potentials of parasitic nematodes.

The envirounental conditions necessary for the successful
embryonation of H, contortus eggs and their developument through
the first and seéond larval stages to the infective third stage
have been studied by many workers under boeth field and laboratory
conditions., Unfortunately, there is some diapariﬁ& irn their
findings due perhaps $o the cursory nature of some of the

investigations conducted under a wide range of c¢limatie
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conditions., It 1sg 2lso possgible that some of the inconsistencies
different optimal conditions for their pre-~parasitic development,
Since the gzurvival of iafective larvas is not nrecessarily a
reliable indication of Infeetivity, the validity of some worksr's
concluziona based entirely on larvel motility may also be
somewhat suspschk when applied to epidemiclogicel studies.

For infective larvae to be availalble to grazing animals
three conditions must be fulfilled;-

Firstly, the egg must have hatehed and developed
suceessfully to the infective larval stage.

Secondly, the infective larva must survive uatil the time of
ingestion and thirdly, it must be in a suitable position on the
herbage to be available to grazing ruminants, It is apparent,
therefore, that under field conditions the bionomics of larval
infeetivity is a complex study and it is proposed to review the

relevant literature under the three headings described above.

The developuent of eges to infective third stage larvae
carried out ¢cn the emoryonic and larval development of species
recovered from shesp, a lot of it utilising H. contortus.

Ranson (1906) working in the USA showed that some eggs of
two days while others in tLhe same culture did not hatehk until a
week had elapsed, In 1907 he reported that at 359C infective
larvae appeared in the faecal cultures in three te four days, at

21°C in 83ix to 14 days and at an average of 1000, three to four
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veeks were necessary for the eggs to hateh and the larvae to
develop £o the infective stage., He found thal the eggs showed
some resistance to the adverse effects of drying or freezing when
the temperature was below 4°C, the eggs remaining dornant. In
this condition they retained their viability for twoe or three
montha, afterwards hatching out when the weather becane warmer.

Veglia (1915} in South Africa foupd that st constant
temperaturesa ranging from 26°C to 35°C the najinrity of eggs
hatched within 14 to 2% hours. He considered 35°C to be within
the normel temperature range for larval development and in faecal
culbure at that temperabture, migration ¢of the third stage larvae
up the side of the culture jar began on the fourth day, Between
22°0 and 3300, tenmperatures which he regarded Yas well defineq
optimal Jimits® larvae could grow without showing any marked
variations. Development fo ithe third stage reqguired six days at
18°¢C, eight days at 15°C and 18 to 21 days at 8°c,

Dinaburg (1944) studied the effeet of climate on the
develcopment of ruminant nematode larvae, wWorking with

I, contorguz from sheep at Beltsville, Maryland, USA, He Tfound

when the monthly mean maximum temperature was below 18.300
regardless of rainfall, but when the monthly mean maximun
temperatures were bstwwen ’18.9°C to 28.9°C the numbers of larvae
recovered from the field varied with the amount of rainfall.
Rather similar Tindings were reported by Dinnik and Dinnik
{1958) from the Highlands of Kenya, & diurnal flmctuatiﬁn in
temperature {high day temperaturs and low night temperature)

between a mean minimum of 12,2°C and a mean maximum of 23.3°¢,
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with at least one inch of rainfall evenly distributed within
their ten day observation perijiocd was found to be the most
favourable for larval developnent.

However, in experiments carried out at various constant
temperatures under laboratory conditions in Bcotland, Silverman
and Campbell (1959) reported that hatching o7 eggs ocecurred at
temperatures of 9°C with a maximum survival of ezgs occurring at
11°C to 14°C, Of the eggs which failed to develop conpletely,
most died in the pre~morula or morula stage, while eggs which
reached the gastrula or tadpole stage survived longer, for up to
four montha at 7.2°C.

Although both Veglia (1915) and Barbecian and Mizelle {i1957)
also observed that developed eggs were relatively more resistant
to the effects of desiccation than freshly passed ones, the
general consensus of opinicn is that desicecation is unfavourable
to larval developument. Indeed, Rose (1963) coneluded that the
effects of desiccation are such that few if any, H. gentortus
eggs in dehydrated faecal pellets develop into infective larvae. -

A conclusion somewhat at varlance with those quoted above
has been expressed by Silverman and Campbell {1959) who reported
that well developed eggs containing larvae survived at room
temperature for six weeks in dried faecal pellets.

Finally the advantage of the retention of the L2 sheath by the
larval L3 was demonstrated by Ellenby (1968) who showed that the
ensheathed larvae were relatively more resistant to fthe

desicoating effect of a 43% relative humidity than the exshsathed

atages,
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The looesvilty of Iofective Laryas on Pasture
Despite the numerous reports on fhis imporiant aspect of
H. coptortus epidemiclogy it is difficuit to draw precise
ceonelusions, This 18 partly due ¢ the different conclusions
reachied hy various workers and partly to the impossibility of
extrapolating these obgervations to the daily fluctuations in
tenperature and relative humidity encountersd in the field,
Under labeoratory conditions an optimum temperature for
1ongevity nas been reported to range from 11°C to 21°¢ (Siiverman
%nd Canmpbell, 1959; Rose, 1963), while Gibson and Everett (1376)
and Shordb (1943, 1944) under field conditions found a similar
optimal temperature range., The subject has been recently
revicwed by Levine {1963} and Todd, Levine and Whiteside (1970).
The former, on the basis of his own work concluded that
B, contortus third stage larvae survived for 8 1/2 months in
fageal pellets at room temperature {(the actual temperature was
not defined) and in water at 4°C to 5°C for up to 22 months,
Only in the first of these experiments was the infectivity of the

surviving larvae confirmed by ¥in vivg® experiments. Todd and

colleagues adopted a rather different-approach to studying the
survival of L3. They suspended Haemonchus LS in tap, distilled
and triple distilled water and thern subjected the larvae to
desiceation by evaporating them in a variety of relative
humidities and temperatures, Larvae subjected to this moisture
stress survived ﬁest at a relative humidity of 7%% and a
temperature of ZDOC, remaining motile Tor 8¢ dayéﬁ The longest
surviving larvae were those suspended in the triple distilled

water a rezsult which the anthors ascribed to the absence of
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mineral salts,

In exzperiments in which infective larvae were exposed
outdoors on grasa plotes during the four different seasons of the
year, Dinaburg (1544) reported a maximum survival of inflective
larvae for 70 days in the spring, Lthe mean maximum temperziure at
that time being 23.3°C in Beltsville, HMaryland.

Under field conditiops, the longevity of infective larvae on
pasture has been found Vo show censiderable variation, probably
due to the different climatic conditions {0 which the larvae were
exposed. Reports range from up to 38 days by Levine, Todd and
Boatman (1974) in Illinois, USA and up to 22 months, Boughlon and
Hardy (i123€) in Texas, USA,

In temperate Southern England, Rose (1964) found that only a
very few larvae sucrvived for a year while Braga and Honer (1932)
reported a maximum survival of 18 weeks in tropical Ric de

daneiro, Brazii,

The Availability of XIonfeciiyve larvae

It is generally:assumed ﬁhat a high relative humidity and
high temperatures aid the movement of infective larvae out of
facces and towards the tips of herbage, thus facilitating their
ingesticn. For H, contortus larvge this has been demonstrated by
Rees (1950).and Silangwa and Todd (1964) who cvoncluded that a
high relative humidity of 93% and temperatures of around 25°C to
27°C produced a maximal vertical migration of infective larvae,
Rose (1963) reported that many-larvae migrated laterally to
around 5 cens from the faecal pellet and z few larvae were

recovered up tc 15 cms from the soil surface,

46




Page 47

Skinner apd Todd (1980) studied the lateral wmigraiion of

infective larvae of Y, contortus in €all grass (20 cms) and short

grass (10 ems), Generally, over 90% of the larvae were found
within 10 cms of the faeces and the number decreased as the
distance from the faeces increased, ligration in short grass was
60% more than in tall grass. The pasture in the studies
censisted mainly of blue grass (Poa pratensis) bult other species
of grasses were alsao present.

Clearly most of the work on the ccology of H, contortus

larvae has been done with a strain from sheep and utilisiog
faeces from infected zheep or infective larvae. Based on these
data, Gordon (1953) concluded that previded rainfall exceeded 50
mm per month and mean monthly naxiwmum ftemperatures were greater
than 18.3°C, conditions were optimal for development and
transmission. Levine {(1963) stated that copltimal conditions for
the parasite are when monthly rainfall excecds 50 mm and the mean
monthly temperatures range from 159¢ te 37%C. L,ater, Levine,

Todd and Boatman {1974) studying the development and survival of

H, contortus in Illinocis, U3A, found that the mean monthly
naxinum temperatures were a better guide and that a tenperature
range of 20°C to 33°C was optimal,

In trepical and subtropical arsas, haemonchosis, due to the
conbination of the high biotic potential of the female parasite
and favourable temperatures for the development of the pre-
parasitic stages, posés a major threat to the economic preduction
of' meat and waol, This certainly applies to Paraé &y where the
parasite is recognised as an important pathogen but little is

known about the ecology of the larvese cr the seascnal vardiation
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in wora burdens, Furthermore, thers have been very fey studies
worlid-wide using a cattle strain of H, e¢ontortuas., In this
section the ecology of the free~living stages of H, contortus was
studied over & twelve wmonth period, using a strain isclated from
catlle, the major ruminant speciea on Paraguzyan farmes,
RYXPERIMENTAL DESIGH

Faecal pats containing known numnbers of H, contortus eggs
were deposited monthly on larval free pasture, Regularly,
samples of faeces and herbage were removed and examined for the

presence of helminth eggs and larvae, Rainfall and tewperature

data were alsoe recorded,

MATERIALS ARD METHODS
At intervals of three mnonths; single helminth-raive donor
Friesian calves aged approximately 10 weeks, were surgically

entortus

inplanted with approximately 600 nale and female H,
isolated at necropsy of a naturally infected calf, Cortisons (1
nl) was administered daily to maintain the faecal egg counts at

around 500 to 600 e.p.g.

Preparaticon of Experimental {(rass Plots.
0.5 hectarea of grassland free from trichostrongyle L3 and

consisting mainly of Paspalum notatum and situated with the

grounds of the Faqulty of Veterinary Science, Asuncion were
utilised. |

An animal--proof fence was c¢onstructed around a plot of 150
sguare metres which waslthen sub-~divided into 12 strips each of

12 x 1 metre and each segregated by a wall of single bricks sunk
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to a level of 10.0 cma into the ground and projecting 40.0 cus

above ground level to prevent lateral migration of L.

Faecal Fats,
Freshly collected faeces from fthe donor calves containing

S00 to 600 H, contortus epg were placed on one of the grass

strips at monthly intervals during a period of one vear (j4th
Novenber to 14 October, 1980). Within each strip, 2% faecal
deposits, each weighing zpproximately 500 g, 1.e. equivalent to 2

faecal pat frowm a yearling c¢alf, were placed at intervals of

Climatic Cbservations,

Daily rainfall and weekly maximum and minimum teumperatures were
obtained from a local metereological staticn and the teuperatures
recorded in a shelter 120 cms above ground level,
Parasitological Data

éaeees. On day 1 i.e. when the facces were placed on the herbage
and thereafter at fortnightly intervals, o¢ne of the faecal
deposits was removed, weighed and examined by the flotation
technigue for the presence of eggs and larvae, The presence of
unembryonated and embryonated eggs was noted but only the total
nunber of eggs present was counted.

Herbage. Coincident with the removal of the faecal mass, the
érass within an area of 0.25 m radius around tbhe faecces was
¢lipped to ground level, removed, weighed and analysed for Lhe
presence of infective larvae (Paffitt, 1955} which wers expressed
as L3 per kilogram of dried herbage (L3/kdh). Thiese observations

continued uwntil both fasoes and herbage were negative for three
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successive sanplings, 41,e. for six wveeksa. Throughous the
experiment the grass height was mainftained at no nmore than
5.0 cms.,

RESULYS

Clima%tic Observahions

To coinpncide with the forinightly sampling of fzeces and
pasture the rainfall and mean maximum and minimun temperasturss
are presgnted on a fortnightly basis in Figure A1 and Table A1,
The data is presented over a 16 month period, to cover that
immediately prior to the plots being contaminated with fzeces and
the final disappearance of cggs and larvae. Rain occurred in
every forinight except July 1980 and the mean fortnightly mininun
temperature ranged from 10°C to 23 °C and the mean fortnightly

maximum temperature from 20°C to 34.6°C.

Parasitological Data
. Data pertaiuing to the laeces deposited ecach nmonth and
including the weight of faeces and grass, bthe number of eggs
remaining in the faeces and the L3 per kdh are given in
Tables A2 A7.
Faecal Patis

With regular rainfall, thick crusts did not form ou the
surface of the faeces, However, despite the presence of only a
thin crust, persistence of the fzecal mass was good over the
first two months and during this period as can be seen from Table

A2, the Uapparent™ weight loss, albeit complicated by the added

contribution of rain water was less than 25%; thereafter a steady
]

and more rapid disintegration occurred.
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Recgyery ¢f H, contortus eges and larvac from faeces

Eggs and larvae were recovered as long as faeces persisted,
Embryonated eggs were abundant within fwo weeks of fasecsl
deposition, However, many of these apparently failed to hateh
and prior to the final Qisintegration of the faeces the eggs
present were mosily embryonated, Although larvae were recovered
from all of the faseces sampled the numbera were very low
indicating that migration onto pasture or mortality must have
accurred rapidly. The total numbers of eggs {embryonaied and
unembrycnated) present in the faeces at the.time of deposition
and those samples removed at fortnightly intervals are also shown
in Figure 41 and in Table A3,

From this result it is clear that over 50% of the total eggs
depoéited remained within the faesces after ten weeks,
irrespective of season, and the numbers only declined as the rate

of faecal disintegration increased.

Migration and Survival of Infective Larvae on Grass

Migration of L3 occurred throughout the year. Every month,
considerable numbers of H, gonteortus L3 were present on herbage
within two weeks of Tlaecal deposition. Since few L3 were
recovered from within the faeces this tends to confirm that rapid
migration coccurred after embryonation and hatching.

The numbers of L3 recovered at each fortnignt and expressed
as L3/kdh are alsc given in Figure At and iable All while the

weight of the grass samples are given in TabledS5, Infective

sy

larvae were recovered for at least 14 weeks after deposition and

in sowe cases for up to 20 weeks., Larval recovery followed very
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closely that of the survival of fasces and L3 disappeared rapldly
after the final disintegration of Lhe faeces,

Moat L3 were recovered from plots within two to four weeks
after deposition of faeces and the maximum numbers ocourrcd
during May througn to Getober 1980 i,e, late avtunn, wiater and
spring. During this period aud particularly in Auvgust high
numbers of L3 conbtinued to be preseﬁt for up to 12 weeks alfter
faecal deposition,

Between May and October the mean foritnightly minimum
temperatures ranged from 10°C to 18.49C and the mean fortnightly
maxinum between 20°C to 2700. It is of courss possible that
during the other nonths of the year when temperatures were higher
(November--April) that just as many L3 developaed and migrated $o
the pasture but sucecunmbed rapidly within the 14 day period
between the {irst and second samplings. Certainly from the egg
count data shown in Table 3 thare was a constant loss of eges
throughout the year zuggesting that development of larvae and
their transmission ffom the faecal pat was occurring throughout
tLhe year.

The weight of the grass samples {Table A5) ranged from a
maximuem of 240 g in the summer (Deceumber) to a minimum of 54 g in

mid-winter (June to Avgust),
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Paraguay is situated at 57% ¥ and 25°9 § and the climate is
subtropical with non seasonal rainfall and seasons which are
differentiated mainly on femperaturcs. Occaslonally, prolonged
periods of drought or flopding occur although this varies locally
from region to region,

In the current study rain occurred durlng every wonth in
Asuncion where the larval ecology plots were situatead,

The cocler months of the year were apparently the nos
suitable for larval development, migration and survival, Thus,
maximal numbers of L3/kdh occurred on the plpts from May through
to October when the mean fortnightly maximum temperaturez werc
between 20°C and 27°C and the mean fortnightly minipun
temperatures were between 10°C and 18.29C (Figure A1), These
temperaturss are rather lower than those proposed as optimal by
Pinaburg (1944) and Levine gt 21 (1974). Hewever, in the present
experiment temperatures were recorded in a weather shelter and
Levine et al {1974) used ground temperatures Lo easlculate tLhe
mean monthly naximum. The temperatures in the shelter used to
record tenmperatures, are likely to be less extreme than those at
the soil surface and therefore in any comparison a faw degrees
should be added to the present figures., Nevertheless, and
allowing for this correction the maximum numbers of LS were
recovered frow the pastures when the mean monthly naximum
temperatures were in the pangé of 23.5°C to 27°Ckgnd when they
rose above 30°C as in December and January far fewer Ly were

recovered., However, as has been suggested in tane results
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section, it is possible that sines the faeces and grass were nol
examined between days one and 14, eggs might have hatched gquickly
at the higher temperatures and the resultant larvae then suffered
2 heavy nortality, particularly at the labile L1 and L2 stages.,
Examination of Lhe data on egg numbers present in the faeczl
material certainly shows a similar rate of disappearance of eggs
from the dung pat {(Table A3) throughout the year suggeszting that
hatc¢hing and rapid mortality had indeed taken place in some
meonths,

It is also possible that a few L3 migrated further than
25 em from the faeces but the number is likely to be very low
aince it is well established thatl moslt are found within 10 cm
{Skinner and Todd 1980).

In order to help visualise the effects of temperature and
precipitation on the development of eggs to the infective stage,
Gordon (19348) introduced the use of bicclimatographs. These are
graphs in which the total precipitation is plotted against the
mean temperature for the month and the resultant points are
Joined by a closed curve,

Fellowing Dinaburg!s temperature line of 18.300, Gordon
selected mean monthly maximum tempsratures for his
bioelimatographs, On the latier he supsrinposed lines indicating
the limits of climatic conditions most favourable for the free-
living stages of a particular parasite in different localities,

Subsegquently, Gordon {(1953), Forsyth (1953) and Pullar
(1953) considered that a total monthly rainfall of 50 nm or more

together with a mean monthly maxirum temperature above 18.300
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L3 of shesp,

Puring the course of this study higher numbers ¢f larvae
ware recovered from plots contaminated from May toe Qectober
{autumn through spring) even though the conditions for
transmission based on Gordonﬁs data were also favourable during
the whole year, with the exception of July as shown in the
bicclimatograpn in Figure A2,

The high nmumber of larvae recovered in July could be due fo
the fact that even if the rainfall was minimal during that month
(3 mm) there was still sufficient moisture in the soil and
herbage from the rainfall in the previouvs month (75 nm). As the
mean maxinum temperature at that time was only 23.5°C and the
overall mean only 17.05°C, evaporation would not be so great and
the soil moisture therefore maintained for a longer time, The
Jower number of L3 during summer in the pressnt trial e¢ould have
been due to a rapld mortality of the larvae as suggested above.

finother possible explanation for the differences in

temperature respouse of the current results and those of Gordon

(1953) and Levine gt 8} (1974} is that the strains of

H, gontortus used were physioclogically different, Gordon's and

Levine's originuting from sheep and a caltle strain belng used in
this trial. Certainly, physiological differences have been nobed
by Le Jambre and Whitlock {1976) for strains of {i, contortus in
New York State, USA and Southwest ZEngland,

In this experiment the Haemanchus L3 pergisted on the
pastures Tor 4 to 5 months which is nuch longer than the maximum

of 80 days recorded by Levine et al (1974) in Illinois, USA,
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Hlowever, Levine and hie colleagues worked with sheep pesllets
containing H, contortus eggs whereas cattle faeces were used in
the present stﬁdy ané the results ewmphasise the gresater
protection afforded to epgs and larvae by the bovine faecal pat
and ite potential as a reservoipr of infection.

It may be argued that computing the herbage larval data as
LB/kdh is a hiased method of prezentation sinece Lhe size of Lhe
grass samples varied throughout the year (Table A%), Hewever,
since grazing animala have to ingest or would try to ingest a
minimum guantity of dry matter per day, L3/kdh is probhably as
representative a method of analysing the larval data as any other
available. However, for the sake of comparison the larval data
is presented in two other ways., In the first, the total L3
recoveries from each grass sample are presented in Table A6 and
in the second the numbers of L3 recoveread, divided by the number
of eggs deposited in the Ffaeces, are expressed as a percentage in
Table AT,

From the results in both Tables 46 and AT it is clear that
the same seasonal trend is present as in Table Ak, Thus the
highest total numbers of L3 present in the grass samples
collected (Table AS) was 1675 in June with higher numbers
generally being recovered from May to October,

Pergistence of L3 was greatest in August, ihe percentage of
eggs which yielded LS was also highest in June (0.56) with
relatively high yields also being recorded from May to OGectober.
Overall the yields of L3 fron the eggs were extremei? low and did
not exceed one per gent on any occasion, However, since there

was no sampling belween days one and 14 the original yields
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could have been greater, but if szo the mortality in the first 14
days must have been very high.

tThe fact that the L3 ¢’ H, gentortus vwere present on the
pasture for as long ag the faecal pats could he idenfified i a
most important finding. Since the L3 disappeared within 8 weceks
after the final disintegration of the faeces, which persisied for
betveen 14 and 20 weeks, pastures ¢ould be considered clear of
larval infection by 28 wceks though this might be longer in areas
of shaqe or in drought conditions,

It is interesting to note that in Queensiand, Australia, at
latitude 10°S and longitude 140°W, Durie (1961) found that catile
faecal pats persisted for bétween five and eight months, the
extended survival periods being asscciated with periods of
drought and that once the L3 reached the herbage they survived
Tor a2 maxinum of 8 weeks during cool conditions, which is similar
to the resulis of.the current study,

The significance of the present findings is that higher
numbers cf L3 are present on the pastures in the winter and early
spring months in Paraguay and constitute a major hazard to catile
at this btime, The effect of the parasite may also be exacerbated
by the sub--optimal nutriftion iqduced by the poorly grown pasture
in winter and early spring as can be seen from the lower weights

of the grass samples at this tine.
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L3 RECOVERIES x10° ——

RAINFALL{mm}

Figure Al.  Haemonchus ecology experiment at Ascuncion:
climatic data, numbers of epgs in faeces plus

L3/kdh.
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SECTIOR B

A STUDY OF ABOMASLAL WORM BURDERS IH THO BREF

CATTLE HERDS IN PARAGUAY
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JIHTROBUCTION

The seasonal prevalence of gastrointestinal nematode
infections of catile has been studied in 3ome depth in Vestern
Europe, particularly in Great Britain and Australasia, In the
sub~tropics there have been fewer comprehensive studles although
there are geveral current invesbigations in the Southern USA
(Williams, 1683) and in Brazil (Beck, Melo, Bianchin and Suarsz,
1979; Meleo, Bianchin, Ribeirec and Basok, 1980) and in several
other countries as indicated in the literature review.

Apért from the rather dated technique of monitoring
infection by the use of faecal egg counts; followed in some
instances by faecal larval cultures Lo facilitate genus
identificalion, the assessment of seasonal prevalence has largely
rested on the use of tracer animals or pasture larval counts,
The former technigue, first used in sheep by Tetley (1959} and in
calves by Durie (1961) involves the introduction of successive
groups of parasite-naive animals or Ytracers®" to pastures known
to be contaminated with eggs or 1érvae of gastrointestinal
nenatodes, for short periods of around 1) days, At the end of
each test period the animals are removed, housed for 7 to 10 days
and then slaughtered. The worm burdens at slaughter are used as
an index of the level of infection during the period grazed and
the burdens found in successive batches of tracers plotted to
indicate the seasonal variation in availlability of larvae on the
pasture.

This technique in which parasite-naive tracers are grazed

with permanent stock has been successfully used in many Lemperate
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countries (reviewed by Armour and Oghourne, 1282) but less often
in tropical areas, although it has been used in Papua, New Guinea
by Owen and Talbot (1983),

Altbough costly in terms of calves, the tracer technique has
the main advantage that the stadial distribution of parasite
stages can be monifored in relation to season, Without the use
of this technique the seasmonal nature of arvested Jarval
development would not have been firat identified by Anderson

al (1965 b) working in the tewmperate elimate of Westeran

et
Scotland,

However, Winks and DBrenner (7978) have suggestied that
arrested larval 48velopment of nematodes is of coumparatively
little importance in the sub—trapios and tropics although the
results of Hart (1964} working in Nigeria and Williams and his
colleagues in Louisiana (1983) would appear Lo contradiet that
statement,

Petrhaps the biggest drawback to the use of the %tracer
teehnique in tropical areas is that most ferms are involved in
beef production under systems of extensive nanagement.,. When
indoor—reared tracer caives, strange to the pasture and to the
other cattle, are introduced to the grazing area they tend to
graze as a small group away from the main herd and do not
necessarily provide a true reflection of the larval uptake by the
herd, Also, tracer calves do not yield data on the acguisition
of immunity by the herd.

Likewise, the saupling of extensive pastures for the
presence of larvae is not particularly helpful due to the

relatively small areas sanpled and the lack of informatiocn on
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immunity or arrested larval development.

Because of the above difficulties an slternative mwethod had
to be sought to jnvestigate gastrointestinal paraszsitisn on
Parzguayan estancias, It was decided to allow calves to graze
napurally with their dams untll weaning and thereafter zz a
separate group of weaners. At regular intervals up Lo two yeérs
old, groups of animals were removed and their worm burdens
analysed to provide an indication of the seasonal worn
populations. It was considered that despife certasin
qualifications on the use of these "permanent iLracers!® thae
advantages outweighed the disadvantages and thess are discussed
in more detail later, This technique was 2150 used during
contemporaneous studieg by Henderson and Kelly (1978) in
Northern fustralia,

This section Peborts on a two-year ztudy of abomasal worm

burdens in young cattle at two estancias in Paraguay,

EXPERTHENTAL DESIGN
Logcation of Study S

Two estancias were used, both situvated in the south of
Paraguay. The two farwmus selected for this study varied in
several aspects,

Estancia Pirity, situated 280 km scuth of the capital is a
private farm and is considered to be repressentative of the usual
farming system. It had §,000 cattle on 19,000 hectares, A&s it
is an extensive property, the paddocks are usually bigger,
approximately 300 to 500 hectares and the pastures are mainly

natural uvnimproved grass of the same species as in Barrerito,
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The mean annual rainfall over the past 10 years was 1,500 wmm and
the mean weekly temperaturss usvally ranged from a minimum of
10°C 1in the winter to a mean maximum of 35°C in summer. At this
estenecia flooding waé copmon after ncavy Pains; The stocking
rate was one cow per two hectares, Calving is also seasonal,
usually In apring. The cattle were entiraly Zebu breeds. §Hven
though the calves graze with thesir dams until weaning, the amount
of milk =availables to young calves is often well below the
optimum, so that they had to depend largely on pasture grazing
for thei.r' nublritional requiremnents,

Estancia Barrerito sitnated 170 km souﬁh from the capital
Asunciocn, 1is an experimentzl farm and belongs Lo the Ministry of
Agriculture and Livestock, The manasgement system is well above
the average of the private farms as it serves as an experimental
station, It had 6,000 cattle on 7,000 hsctares, The area
dedicated o the livestock is divided into several paddocks of
about 200 hectares. The mean annual rainfall over the paat 10
years ﬁas 4,900 ne and temperatures ranged from a uean weekly
minimum of 11°C in winter Lo a mean weekly maximum of 35°C in

summer, The pastures were mainly of natural grasses

{Cynodon dactylon, Sektaria spp, Andropogon lateralis,

Panicum spp) though there are some paddocks of improved Colonial

grass. The stocking rate was one cow or equivalent per hectare,
The cattle population consisted of both Zebu and European breeds,
Calving is geared to occur annually in dugust and Septenber to

coincide with the jincreased growth of grass in spring, Calves

usually run with their dams until weaned,
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Following the cusiomary routine, the ¢alves grazed wiin
their daws from birth in September until the following March when
they were weaned and grazed separately al the stocking rates
enployed on each estancia,

At regular intervals, from weaning in Marcgh 1979 unrtil
December 1680, four calves, born in September 1978 at each
estancis were housed and slaughtered withia 48 hours. Thesc
calves were selected at randomy from the 36 untreated calves,
hereafier designated fpermanent tracerst zrd the dates chosen for
their slaughter were weaning and thereéfter at intervalsz of two
to three months until the animals were over two years old, It
was hoped that this design would provide information on the
species and stadial structure of the nematode worm populations
from weaning until puberty. To detect any differences due Lo age
or acquired immunity groups of four calves Tfrom the 1979 crop
were removed and slaughbered at the same Lime as the surviversof
the 1978 crop during late 1979 and 1980, The dates of slaughter
are shown in Table B 1,

MATERIALS AKD METHODRS
Apipads R

At each estancia 36 newly-born calves were purchased,
branded and ear-~tagged within one month of birth in September
1678, At the same time 12 cows and another 20 calves belonging
to the estancia were also identified. In September 1979 a
further 18 recentliy born calves were purchased, brandéd and ear-

tagged and 12 more cows also identified, The catile at Pirity
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were entirely Zebu breeds vwhereas those at Barrerito were crossed
with varying Buropean breeds,

A1l of the animals received vaceinations against foobt and
mouth digease at four monthly intervals but unlike their cohorts
the purchased calves recelived no anthelmintic btreatment st these
times.

Clinical

Both estancias were viszited at intervals of approximately 14
days, altihough occasional visits could not be made due Lo ths
roads being impassable following heavy rain.

At cach visdit the calves were wsighed and examined
clinically, The bodyweight of the 20 identified calves helonging
to the estancia were also recorded to provide information on
growth rates.

Metereological Data

Daily rainfall figures and maximum and minimum Lemperatuvrss
were collected at both estancias. At Pirily they werc collected
from a metereological station situated 10 kme away from Lhe farm
apd at Barrerito they were collected on the farm, Tenmperatures
were recorded af 120 cms above ground level in a Stevenson
screen,

Farasitological Dats

Faeces, ¥Faecal samples were collected from the permeanent
tracers, the 20 identified estancia calves and 12 cows and
exanined for the presence of nematode eggs or larvae as described
previously by the flotation technique ar the modified McMaster
method, Gordon & Whitlock 1939 and the nunbers present expressed

as eggs per gram (epg).
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I'he faeces from the permanent calves were cultured by the
method of Roberts and 0'3uliivan (1980) and tne larvee harvested
and identified as described by Keith (1953). Depending on tbe
percentage of different larval species present in the Jlarval
culfures, the epg were corrected.

Posi-Harten Bxanination
Lt necropsy the lungs were removed and searched for the

presence of Dictyocauvlus wviviparus, The gastroinlestinal tract

(1966). Any worms present in the washings or mucosal digesi were
counted and identified by microscopic examination. To estaplish
the proportions of H, contortus asnd H. similis 100 male worms
were examined microscopically. In calves which had few worms,
all the male worms obtainable were examined,
RESULTS

Only the results pertaiﬁiné to the abomasal species are
presented in full as the detailed clinical data and those from
the small and large intestines-are belng presented elsevhere by a

collaborator,

Llinical Data

| The growth rates of the 20 calves welighed regularly were
slow, averaging 0.32 kg/day at Pirity and 0.33 kg/day at
Barrerito, However, the calves did n&t show any cbvious eliniecal
éigns of parasitism until July 1880 when severe diarrhoea
cccurred at Pirity in the 1978 born cazlves which by theu were
adult animals of 22 months old. Diarrhoea was pressut in several

of the unireated permanent tracers as well as in the rest of the

65




Page 66

weaned herd which had been treated with anthelminties three times
annually., Since several calves had died in the herd anthelmintic
treatment was instituted except for the permanent tracers,

Meteorological Dzta

The rainfzll and the mean mininmum and maximum tenperatures
at each estancia zre expressed fortnightly in Figures B1 and Bz
The rainfall dn 1979 was typical for southern Paraguay occcurring
non~seasonally tnrough the yesr, 4t Pirity, the Cypical nmean
meximum temperature was recorded in Januwary (mid-summer) with
37°C and ths lowest in June (mid-winter) was 8°C. The highest
mean fortnightly maxinum temperature was recorded at Barrarito in
February (late summer) with 37°C¢ and the lowest in June (wid-
winter) with 9°C. In 1980.the temperatures were similar, at
Pirity the highest temperature was recorded in January with 33°C
and the lowest in July with 9°¢, However, the rainfall picture
in 1980 was atypiecal as a severe drought occurred at Pirity. The
drought commenced in winter and extended over six months through
spring and summer{June-December)., At Barrerito the drought
cceurred on two oceasions, during autumn for three months (March

to May) and spring through summer (September to December).

Parasitological Data
At each estancia the following species of nematodes were

identified from the abomasa of the calves: Haemonchus contartus

and H, similis, Ostertagia ostertazi, 0, leptospicularis,

Skrijabinagia lyrata and Irichostrongylus axei.

As mentioned previously the data from the lungs and
intestine will be presented elsewhere, but it is worth mentioning

that apart from Hacmonchus spp, Cooperiz svp were the most
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prevalent apecies found,
Faeecal Ezp Counis

The Haemonchus spp faecal egg counts at Pirity and Barrerito
are shown in Tables B2 and B3 respectively. These counts were
faecal culbure, to the total trichusirongyle foecal egg counts.
For young cattle harbouring Haemonchus a2pp the counts are
extremely low. At Pirity, in the 1978 born-calves they remained
at or below 120 epg before weaning and only increased o above
that level in Avgust and thereafter ranged from 70 to 200 epg
until Septenber 1680 when they fell to zero, In the 1979 born-~
calves ;he counts were generally higher and reached 340 epg pricr
to weaning, The levels remained above 100 epg until Sceptenber
when they fell to very low levels during the drought,

At Barrerito the trends were similar with the pre-weaning
epgusbeing higher in the 1979 born-calves (up to 400) again as
at Pirity they fell to very low levels in Septembe£ 1980.

Sinece 3., axei larvae were nobt recovered from the faecal

cultures it was not possible to identify any faecal epg counts

attributable to this parasite.

Post~Yortem Worm Burdens

_ The mean totgl burdens of Hasmonchus spp and T, axei which
were the abomasal species comnonly present at Pirity and
Barrerito are shown in histogram form in Figures B1 and B2
respectively and individual burdens in Tables BY a2 te f and BS
~a to £ respectively, The Haemonchus spp dbnsisted of

similis and the percentages of each species

|p

H, contortus and
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at each sawmpling are debajled An Table B6, Very low numbers cof
"Gatertagia type" worms wvere recovered and these zre alszo shown
in Tables BY and Bs5,

At Pirity z seazsonal patiern ¢f infection was common to each
of the above genera, In the 1978 born~calves, bthe mean total
adult burdens were relatively low until March 19080 when they

S S LS SRS A L PCTE LAY

individual calves had burdenas «f Y4,300 Hacmonchus spp and 7,700

S S

T, axei., During the following winter an increase occurred in the

SIS

burdens reached 5,350 (range 4,600 -~ 5,900) and that of T, axe

e,
-«

20,475 (range 5,100 ~ 51,100). Subsequently, by late December
and after six months' drought, only 500 Hagmonchus spp were

A

present in one calf and none in the others, T, axei were present
in two ocalves, 3,600 in the one and 25,300 in the other,

The =ame general pattern was seen in the 1970 born~calves at
Pirity except that the increase in adult worm burdens in July
i980 was of a lower magnitude than in the older calves, 4%t the
end of the drought very high T, axei burdens were present with a
mean of 43,950 in the twoe calves, one harbouring 20,000 and the
other 67,500.

At Barrerito the adnlt worm hurdens of the 1078 born—ealves
were generally low and less than those at Pirity, and did not
show a narked seasonal pattern. In July 1980, wvhen an increase
in worm burdens was recorded at Pirity the mean Haemonehus spp

burden at Barrerito was only 1,075 (range 0 ~ 3,100):zand that of

I, axel 1,175 {(range 0 ~ 3,600), In late December, after the
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also lower a&lthough one calf had a Haemonchus zpp burden of

4,800, Sone increase of I, axel burdens occurred in December
although again this was much lower than at Pirity.

At each necropsy, {ourth larval stages of Haemonchus spp
were usually present and the numbera of these are shown in

Figure B3. There was no indication of & significant accumnlatiocon

of arrested Hasmonchus spp Ly at any season in either estancis,

faktio of B, contortus and B, similis

From the morphology of the apicules present (Plate 4) the

ratio of each species present at each estancia was sstablished.

M

[

At Pirity in the 1978 born~calves the H, gontorias -
H, similis ratic varied from 1 ; 0.37 to 1 : 1.66 in 1979 &and
from 1 : 1 ta 1 : 3.40 in 1980, In the 1979 born~calves
H, similis was more domilnant with H, contortus being present only
in July 1980 when the H. contortus ~ H, similis ratio was
18 6.7, | |

At Barrerito, in the 1978 born—calves the ratio varied from
1 :0.,8 to 1 : 3.5 in the 1979 necropsies while in the 1980

necropsies H, similis was the only speocies present, In the 1979

born-oalves necropsied in 1980 H, similis was the dominant

species n 1980 with H, contortus being present only in March,

when the H,_ gcontortus-H, gimilis ratio was 1 : 4.6,

DYSCUSSION
As mentioned previously, the elimate in Southern Paraguay is
subirepical with non-seasonal rainfall and seasons which are
differentiated mainly on temperature., OCccasionally, prolonged

periods of drought or flooding occur although this varies loecally
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from region to region,

In the current Invesmtigation and Iin conbrast to bhe larval
eqnlogy study at Asuncion approximately 170 km to the north, rain
did not ccecur in every month., At Barrerito, theres were tvwo
periods of drought, the first for thres months in March, April
and May of 1980 and the second from September to Decenber 1680,
At Pirity a prolonged period of drought oceurred from dJune
through to December 1480,

From the worm burdens in Tables B3 a to £ and Bd a to T it
is apparent that the ¢limate at both estanc;as is sullbable for

Haemonchus

8pp, generally regarded as a tropical parasite and
T, axei, very nuch a2 subtropical parasite; the climate was
clearly too warnm for Ostertagia spp, which are traditionally
temperate creatures,

At Pirily, the availabllity of Hsemenchus spp and T

I ) =t

axel Lo
increased from March through to July 1980, i.e. autumn and
winter, Thus the maximum total worm burdens of Haemcnchus spp
and T, axei occurred in the 197§ born-calves necropsied in July
1980 i.e. when they were 22 months 0ld; coincidentally a marked
increase occurred in the worm burdens of the 1979 bern~-calives
necropsied in July 1980 and elinical parasitic gastritis
occurred, In the 1979 born-calves these totala were exceeded in
the December 1980 necropsies which followed six months drought;
T, axei was the dominant species present to the almosl totzl

exclusion of Haemonghus spp which had been present in

considerable numbars at the July necropsies.
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resist drought conditions bpetter than Haemonchus spp, or whether
it reflectis a poorer Jmnune response by the cattle f£o this
speciea ig not known,

Feological studies onm T, axei and the closely related

I, colubrifornis have been confined to experiments using zsheep
faeces and the pretective effect of the bovine faecal pat has not
besgn investigated. Waller and Donald {(1970) found that fully
embryonated eggs of X, colubriformis resisted desiccation quite
vell but Mirzayans (1969) and Callinan (1978&) found that the
optimal temperatures for development were 209C to 27°C and above
27°¢ mortality was high, FEven allowing for the greater
protective effect of the bovine faecal pat some mortality of
I, axei eggs and larvae was likely once the mean maximun

temperatures increased to above 30°C in December 1980 and during

the latter part of the drought,

4 possible explanation for the increase in the T, axei

burdens of the calves is asg follows: a2 loss of both

Haemonchus spp and.IL axei ¢ould have cceurred as part of the

recegnised turnover of nematode populations in cattlie (Michel

1970}, The Bzemonchus spp were then nof{ replaced because of the
greater susceptibility to drought of their free-living stages
possibly accentuated by the development of some imnunity to these
sbecies. In contrast, eggs and L3 of T, axei survived the early
drought better so some reinfection of the cattle ftook place.

At Barrerito bﬁe pattern was different with only relatively
low mean.burdens throughout. However individual Hasmonchus spp
burdens often exceecded 1,500 (Table B 35) a level generally

expected to give clinical disease yet the calves remained
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elinically healthy. The explanaficn for this Is nol known but it
nay be associaled with the better grazing at Barrerito, and the
good nutritional status of the animals may have helped them €o

compensate for any blood less due to the Hzenmenchus spp worms

pregent throughout in both the 1978 and 1979 born~calves,

The apparent differences between the resuvlts obtained at
Pirity and Barrerito may alsc be a reflection of the different
weather patterns, Thus, the autumn drought from March to May at
Barrerito could have prevented the developmeni of eggs and
therefore the availability of L3 which oceurred at Pirity where
there was adeguate rainfall at this time.

Climatic difference might also acoount for the differences
in worm burdens in July and December 1980 when the drovught was
more severe at Pirity., Thus, despite the'lower stocking rate at
Pirity the poorer quality of the grazing in the early drought
would have forced the animals to congregate around watering
points or in shaded areas where herbage was more prevalent and so
eontamination_from eggs was inereased in those areus and
eventually the numbers of infective L3. Under drought conditions
grazing is even less selective and local overstocking becomes
even more prominent and eventually the animals are restricted in
their grazing to the vieinity of a few waterhocles, thus
increasing the chances of the infective larvae being ingested.

An important faétor which determines the host response tco
parasitism is the plane of nutrition. Undoubtedly, the quantity
and the quality of the pasture are much reduced guring the winter

and even uwore so with the added complication of drought., If the
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pattern of infection shown in this trial iz typical, outbreaks of
PGE should occur during winter and early spring vhen the pastures
have little growth. According to Taylor (19334), Gordon
influence on increasing the numbers of larvae that gain access to
the host. In such conditions the animals are forced to graze

closer to the ground and to spend more time in grazing.

Anotiher possible explanatiocn foir the reduvcetion In
Haenonchus spp burdens during the drought is that the presence of
high T, axel numbers in the abomasum has interferred with their
establishment and this has been shown undér field conditions by
Muller (1968) and experimentally by Reineecke (1974) in South
Africa, The latter author attributed this to the unfavourable
elevation of pH which occurs in heavy T, axei infestations {(Rossa,

Purcell and Todd, 1969). This theory could explain the

differences between the worm burdens of the calves at Pirity and

Barreritec since the I. axei populations at the latter estancila
were lower and may not have reached the level required to cause

the elevation of pH necessary Lo affect esteblishment of

Haemonchus spp.

The validity of using worm burdens of untreated permanently
grazed calves as an index of seascnal variation in worm
pepulations can be questioned. However, as mentioned in the
introduction, in extensive systems such as those used in Lhe beef
ranches in Paraguay the use of parasile-naive tracer calves such
as are used in temperate regions or intensive systems in the subw-

tropics is not practical, and at the time this study was planned
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information on the use of anthelmintic~ireated permanent calves
as tracers was lacking,

Since then, Horak (1978) and 3Ichroder (1978} in South
Africa, Graig (1979) in the USA and Le Riche, Kuhne and Dwinger
(1982) in Argentina have used permanently grazed calves, given
prior anthelmintic treatment, as tracers to monitor the seasonal
availability of infeclive ?Pichcstrongyle L3. The first three of
these sbudies achieved very good resulte with this type of tracer
but Le Riche et al (1982) were less sueccessful, probably because
their tracers were housed for long periods after treatment and
they failed to adapl quickly to grazing,

Our current results indicate that immunity is acguired very
slowly to the main genera of trichostrongyles present in
Paraguayan cabttle as shown by the high burdens in the calves
necropsied in July 1980 when they were 22 month-old, so that inp
future Paraguayan studies anthelmintic treated permanent trecers
could be used without thelfear of an acquired immuenity
significantly preventing the acquisition of abomasal wornms.

Despite the eriticism that the worm burdens in permanent
calves may simply reflect a steady accumulation of these burdens
over a prolongsed period, this is unlikely, for two reasons.
First, Miehel (1970) has demonstrated that in many
trichostrongyle infections of cattle the worm burdens do not
simply accumulate bui turn-over in a regular fashion and that the
rate of tura~over is related to iarVal intake,

secondly, the very_marked inerease in the J;rm burdens

present in July 1980 suggest that a real Jpcrease in the numbers
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of larvae available at thal time had cccurrad.

Confirmaticn that the cooler months of the year, June to
Auvgust are the most suitable for larval development, migration
and survival In Paraguay, provided there is adeguate rainfall,

comes from Lhe larval ecology studies with H. conbtortus described

in Section A,

The results of this study in terms of abomasal worm species
present and thesir seasonal prevalence are rather similar o thoss
in Southeast Queensland, Australia and some parts of PBrazil
(Roberts gt al 1952; Riek et al 1953; Beck et al 1979; Melo et al

1980)., These workers found that infection was present all year
late winter and early spring. Fven in drought conditions
infections with these species persisted and these inflections were
ascribed to congregation of stock in wel areas where pasiure was
“still available,

Working ian Northwest Argentina, Le Riche et al (1982) also
found the same range of abomasal species but the seasonal
prevalence differed in that maximum numbers cccurred in auvtumn
foliowed by a marked drop in infeetion in the winter. The
authors ascribed this drop to the develcepment of immunity based
on the faet that tracer calves picked up low numbers of
trichostrongyles and moderate numbers of Digtyocaulus viviparus,
However, in view of the results in the current experiment in
which animals failed to develop a good immunity to Baemonchus spp
especially H, similis the explanation for Le Riche and his

colleague's results may be a reflection of the dry weather in the

winters of Northwest Argentina. JIn the absence of rain all
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trichostrongyle larvae would be retained with the faecal pats and
not become readily available to the cattle; in contrast lungworm
larvae would reach the pasture via the spores of the fungus
Pilobolus (Robinson 1962, Jorgensen 1982),

There are peveral other interesting parasitological findings
from the study. The first is the relativaly lov feecal egg
te be high egg producers. This low faecal egg count occurred
desplie the presence of 2ggs in the adult females examined (Plate
5). Poséibly the low epg could be a reflection of ths host diet
or nutritional plane. Thus, the majority of the highest epg's
were recorded prior to weaning when the calves were dependent
solely on a milk diet; after weaning when the calves were
deperndent on a herbage diet the epg fell to moderately low levels
which persisted with the exception of nminor elevations. 7There
are several exanples of nematode faecal egg counts becoming
elevated when the diet was changed and/or the nutritional plane
inproved (Brunsdon, 1964; Herbert et al, 1969; Whitlock and
Georgi, 1976). It is possible that the reverse i.e. a drop in
épg's could happen when young cattle are dependent on the meagre
post-weaning diet available under extensive grazing conditions
although it should be pointed out that Le Kiche et al {1982)
found much higher Haemonchus spp epg under similar conditiouns,
despite the worm burdens being lower than in bhe present trial,
It is of course possible that the egg counts were being held in
check by a developing acquired immunity which was oﬁiy partially

effective and it Is known that reduced egg preduction by worms is
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Plate 5.

Vulvar region of Haemonchus species

female (ex Pirity) showing eggs.
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often the first indication of & developing host immunity to
gastirointestinal parasites (Urqubart, Jarrett and Mulligan
19623},

The second is the apparent low level of arrested larval
development or nypobiosis, Hypobiosis is now widely recognised
a3 a form of adapltation whereby the parasifte arrests at a
particular stage in the host when enviroanmental conditions are
adverse for Its free~living development, e.g., in winter in Burope
or in the dry season in parts of Africa (Arwmour, 1880). In
Paraguay, where conditions for larval development are usually
sultable all year round then it appears that there is no grest
need for the parasite to select for a high deygree of hypobiosis.

AR TE-8=

Thirdly, the interesting interaction between H, contortus

s

and H, simills, From the data on Table B6 and Table B7 it is

possible to obmerve a difference in the rate of establishment of
. both species duping the two years, Thus, in the calves born in
1978 at bo£h estancies, it can be seen from Table B6 and based an
the.ratio of the twe species that the percentage establishment of
H, gontortus was greater than H, siwmilis, while in ihe 1979 bora-
calves at both estapcias ﬁngéggig appeared to be the dominant
species present, particularly at Barrerito. It is interesting {o
note that the weather pattern in 1979 was typical for Southern
Paraguay with rainfall distributed all year round. On the
éontrary, in 1980 a severe drought occurred, in two instances at
Barrerito, the first from April to May and the second from
Septenber to December, while at ?irity the drought commenced in

June and extended te December and it was during this latter

period that the dominance of H, =imilis became estahlished
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altbhough the actual numbers preszent were low, Even though it is
assumed that there is no difference between f{he tLwo species
related to the requirements of the free-living or paraaitice
stages, it could be suggested from the results that the Infective
larvase of H, gimilis resist drought conditions better thean
H, coptortus and this may account for their dominance apart from

the fact that H, similis is naturally & caltle parasite. An

alternative explanation iz that cattile acguire an immunity to

B ntortus more rapldly than to H, siwilias., Thua, the

dominance of I, similis was greater at Barrerifto where jt rcached
still present. Perhaps the prolonged drought and poor nubtrition
at Pirity could have lowered the resistance of the cattle
allowing more H, contortus to develop. Interestingly, there was

no indication that H, similis was more prevalent in the Zebu

cattle at Pirity but in fact occurred more frequently in the
cross Zebu animals at Barrerito,

In sumnnpary the-results of these field investigations show
that in both herds Lhe bulk of infections were acquired post-
weaning, which oeccurred during avtumn at the end of March and
when the calves were =ix months old, AL one estancia a marked
inerease in worm burdens, which consisted mainly of #H, gontortus,

H, similis and T, axel occurred in the winter and spring of one

yvear and led to elinical parasitic gastroenteritis.
In the other estancilia, there was no clear increase in
burdens in that year preobably related to an autumn drought in

this estaneia, Thers was no indieation that young cattlie up to
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two years~pld had zequired a significant immunity to T, axel and
Y q

Haewonchus spp (especially H, 3imilis), Ouly low numbers of

arrested larvae were present throughout,
Finally, it would have been interesting £o have centinued

this study beyond the drought and examine whether Haemonchus cpp

infections had persisted in the faecal pats or perhaps in the

-

s0il, Unfortunately, funding did not permii such studiea.
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TARLE R 1.

NECROPSY DATES

Season 1978 born-calvea
Autumn March 1979 (weaning)
Autwin May

Winter July

Spring Seplember

Summer December

Autumn March 1980

Winter July

Summer December

1979 born-calves

Pecember 1879
March {weaning) 1980
July

December




TABLE B 2.

MEAN Hasmonchus contortus FAECAL EGG COUNTS AT PIRITY

DATE 1978 CALVES

11.12.7/8 95

28.12,78 100

9.1.79 120

26.1.79 80

5.2.79 75

24.2.79 .78

9.3.79 15

30.3.79 25

25.4.79 40

9.5.79 75

3.5.79 60

26.6.79 85

9.7.79 80

30.7.79 75

23.8.79 170

21.9.79 210

5.10.79 135 1979 CALVES
25.10.79 85 125
16.11.79 180 210
12.12.79 130 190
28.12.79 200 340 .
10.1.80 70 110 8
7.2.80 .75 100
7.3.80 150 185
10.4.80 145 180
2.5.80 150 180
13.6.80 85 110
7.7.80 100 100
15.7.80 125 100
11.8.80 70 50
5.9.80 0 a5
8.10.80 o
4.12.80 0




TABLE B 3.

MEAN Haemonchus contortus FARCAL EGG COUNTS AT BARRERITO

EéIE 1973 CALVES

29.11.78 200

12.12.78 160

27.12,78 100

10.1.79 125

23.1.79 95

6.2.79 40

20.2.79 60

9.3.79 85

28.3.,79 40

25.4.79 35

9.5.79 10

23.5.79 10

28.6.79 10

5.7.79 10

25.7.79 15

21.8.79 10

19.9.79 0

2.10.79 30 1979 CALVES
22.10.79 25 175
14.131.79 50 400
17.12.79 60 310
26.12.79 B85 320
12.1.80 70 380
5.2.80 40 210
5.3.80 40 90
25.3.80 25 45
13.6.80 B85 110
7.7.80 1oG 100
15.7.80 125 100
11.8.80 70 50
5.9.80 0 45
7.10.80 o

21.11.8¢Q 0

3.12.80 ¢




TABLE B 4 a.

ABOMASAL WORM BURDENS FROM CATTLE AT PIRITY

DATE CALF NO. HAEMONCLIUS SPP. TRICHOSTRONGYLUS
A LA A L4
March 1979 5] 400 1o 200 -
15 700 100 - -
31 100 - - -
33 600 100 - -
TOTAL 1,800 300 200 -
MEAN 450 75 50 -
Percentage of H.,contortus 60%
Percentage of H.similis A0%
May 1979 2 400 - — -
13 200 100 - -
19 1,300 300 600 100
29 1,500 100 200 —
TOTAL 3,400 500 800 100
MEAN 850 125 200 25
Percentage of H.contortus 55.5%
Percentage of H.similis 44. 4%
O.ostertagi 200




TABLE B 4 b.

DATE CALF NO. {IAEMONCHUS S5pPP. TRICHOSTRONGYLUS AXEIX
A L, A Ly
June 1979 3 700 100 - -
11 2,000 400 400 -
34 700 - - -
36 200 - — -
TOTAL 3,600 500 400 -
MEAN 900 125 100 -
Percentage of H.contortus 72.7%
Percentage of H.similis 27 .3%
September 1979 8 800 400 2,600 400
18 2,500 400 4,800 800
19 400 - 400 -
30 700 200 3,500 500
TOTAL: 4,400 1,000 11,300 1,7C0
MEAN 1,100 250 2,825 425
Percentage of H.conbortus 37.5%
Percentage of H.similis 62.5%

Q.ostertagi 500




TABLE B 4 c.

DATE CALF NO. HAEMONCHUS SPP. TRICHOSTRONGYLUS AXEL
A L4 A L4
December 79 16 200 100 700 100
01ld calf 17 5,700 600 5,200 800
26 300 - 2,900 260
32 1,500 200 4,700 90Q0
TOTAL 7,700 900 13,500 2,100
MEAN 1,925 225 3,375 525
Percentage of H.contortus 57/.14%
Percentage of H,similis 42 .86%
December 79 5 500 100 700 -
New calf 6 - - 500 100
7 100 - 100 100
a 1,200 - 2,000 -
14 300 - 200 -
TOTAL ‘2,100 100 3,500 200
MEAN 420 20 - 700 40

Percentage of H.zimilis 100%




TABLE B 4 d.

DATE CALI" NO, HAKXMONCHUS SPP. TRICHOSTRONGYLUS AXET
A Ld A L4
March 1980 5 3,400 800 7,100 400
01d calf 9 2,900 100 2,400 100
23 4,300 300 2,900 -
27 100 - 500 200
TOTAL 10,700 1,200 12,900 700
MEAN 2,675 300 3,225 175
Percentage of H.contortus 22.73%
Percentage of I,similis 77.27%

O.leptospicularis 200

0.ostertagi 500

March 1980 1 400 - - -
New cal.f 4 100 100 - -
11 500 - 100G 100

iz 200 100 - -

TOTAL 1,200 200 100 100

MEAN 300 50 25 25

Percenlage of H.similis 100%




TABLE B 4 e.

DATE CALF NO. HAEMONCHUS SPP. TRICHOSTRONGYLUS AXET
A L4 A L4
July 1980 4 4,600 1,200 5,100 700
01d calf 10% 5,800 600 51, 100 1,800
20 5,300 - 7 4300 900
22 5,600 600 18,800 2,000
TOTAL 21,400 2,400 81,900 5,200
MEAN 5,350 600 20,475 1,300
Percentage of H,contortus 59.26%
Percentage of H.similis 10.74%
O.oskertagi 2,300
S.lyrata 100
S.Kolchida 100
* No. 10 Died in extremis
July 1980 2 1,800 300 22,000 200
New calf 3 1,700 600 4,300 500
15 300 400 1,400 200
16 4,700 200 7,300 1,300
TOTAL 8,500 1,500 15,000 2,200
WRAN 2,125 375 3,750 550
Percentage of H.conltourtus 12.90%
Percentage of H.similis 87.1%




TABLE B 4 f.

DATE CALF NO. HAEMONCHUS SPP. TRICHOSI'RONGYLUS SPP,
A L4 A Ld
0ld calf 7 - - 3,600 500
December 80 12 - - - -
25 500 - 25,300 1,200
35 - - - -
TOTAL 500 - 28,900 1,700
MEAN 125 - 7,225 425
Percentage of H.contortus 50%
Percentage of H. similis 50%
New calf 10 800 300 67,900 7,500
December 80 13 700 100 20,000 800
TOTAL 1,500 400 87,900 8,300
MEAN 750 200 43,950 4,150
Percentage of H.similis 100%

Ostertagia spp. 200




TABLE B 5 a.

ABOMASAL WORM BURDENS TROM CATTLE AT BARRERITO

DATE CALF NO. HAEMONCHUS SPP.  TRICHOSTRONGYLUS AXET
A LA A L4
March 1979 3 400 100 100 -
11 400 - 900 -
25 - 100 100 -
28 500 100 - -
TOTAL 1,300 300 1,100 -
MEAN 325 75 275 -
Percentage of H.conlortus 50%
Percentage of H.similis 50%
May 1979 12 300 - 100 -
16 500 - - -
29 800 200 300 -
33 1,900 200 100 -
TOTAL 3,500 400 500 ~
MEAN 875 100 125 -
Percentage of H.contortus 56.5%

Percentage of H.sipilis A4 4%




TABLE B 5 b.

DATE CALF NO. HAEMONCHUS SPI'. TRICHOSTRONGYLUS AXEL
A L4 A L4
June 1979 6 400 — - _
18 500 200 400 -
22 - ~ - -
23 - - - -
TOTAL 200 200 400 -
MEAN 225 50 100 -
Percentage of H.zimllis 100%
0.ostertagi 400
September 79 2 900 100 300 -
9 600 100 300 -
24 800 - 300 -
32 600 200 300 -
TOTAL 2,800 400 1,800 -
Percentage of ll.contortus 54, 54%

Percentage of H.similis 45, 46%




TABLE B 5 ¢,

DATE CALF NO. HAEMONCHUS SPP. TRICHOSTRONGYLUS AXETL
A L4 A L4
December 1979 5 2,400 400 3,200 -
*0ld calf 7 1,500 800 6,400 300
26 - - - -
31 800 700 3,300 -
TOTAL 4,700 1,900 12,800 300
MEAN 1,175 a75 3,225 75
Percentage of H.contortus 22%
Percentage of H.similis 78%

Ostertagia spp. 100

December 1979 155 500 - 100 -
**¥New calfl 28l 900 - 600 -
415 800 300 400 .
432 — - - -
444 - - - -
TOTAL 2,200 300 1,100 -
MEAN 140 60 200 -
Fercentage of ll.similis 100%

*  (0ld calves - Born September 1978

*¥* New calves - Born September 1979




TABLE B 5 d.

DATE CALF NO. HAEMONCHUS SPP, TRICHOSTRONGYLUS AXEL
A Ld A LA
March 1980 i3 600 100 400 -
0ld calf 16 3,300 100 1,900 -
21 300 - - —
34 300 500 5,900 300
TOTAL 4,500 700 8,200 300
MEAN 1,125 175 2,050 75
Percentage of H.similis 100%
C.ostortagi 400
March 1880 87 800 200 - -
New calf 218 1,600 200 — -
462 1,700 - - -
635 2,100 300 200 -
TOTAL 6,200 700 200 -
MEAN 1,550 175 50 -
Percentage of H.contortus 17.75%
Percenbage of H.similis 82.35%
S.lyrata 100




TABLE B 5 e.

DATE CALF NO. HAEMONCHUS SPP. TRICHOSTRONGYLUS AXEIL
a L4 A L4
July 1980 10 - - 300 -
0ld calf 19 3,100 2,300 3,600 -
30 1,000 - 800 -
35 200 - - -
TOTAL 4,300 2,300 4,700 -
MEAN 1,075 575 1,175 -
Percentage of l.similis 100%
0.ostertagi 1,700

O.leptospicularis 200

July 1980 49 2,700 300 600 -
New calf 212 200 - - -
250 3,900 2,800 1,200 -

125 1,800 - 500 -

TOTAL &,600 3,100 2,300 -

MEAN 2,150 775 575 -




TABLE B 5 f.

DATE CALF NO. HAEMONCIIUS SPP, TRICHOSTRONGYLUS AXET
A L4 A L4
December 80 4 - - 300 500
0ld cali 8 - - 1,700 200
L7 4,800 300 11,500 500
20 - - - -
27 - - 8,400 -
36 300 - AQ0 -
TOTAL 5,100 300 22,300 1,200
MEAN 850 50 3,716 200
Percentage of H.similis 100%
December 1980 63 1,500 300 10,500 5Q0
New calf 232 - -~ - ~
280 1,600 - 2,100 -
320 600 300 2,200 200
TOTAL ' 3,700 600 14,800 700
MEAN 8925 156 3,700 175
Percentage of H.similis 100%




TABLE B 6.

RATIO H.contortus : [l.similis AT PIRITY
Month 1978 born calves 1979 born calves
H.C. : H.S. H.C. : H.S.
MARCH 1979 1 : 0.66 - P -
MAY 1 : 0.80 - -
JUNE 1. i 0.37 - : -
SEPTEMBER 1 ¢ 1.66 - -
DECEMBER L 2 0.75 0 CO - -
MARCH 1980 1 ¢ 3.39 o L -
JULY 1 : 0.68 L P 6.75
DECEMBER 1 ¢ 1 0] T ®




TABLE B 7.

RATIO H.contortus — H.similis AT BARRERITO

Mon'lth 1978 born calves 1979 born
H.C. : H.S. H.C. :
MARCH 1979 i : 1 - :
MAY 1 : 0.8 - s
JUNE ¢ : <0 - t
SEPTEMBER 1 : 0.83 - :
DECEMBER 1 : 3.54 0 :
MARCH 1980 0 : co 1 :
JULY 0] : @ -
DECEMBER 0 : -] 0 :
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OSTERTAGIA SECTIONS (C,D,E & F)
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GENRERAL TNTRODUCTION
As mentioned in the literature review most outbresks of
bovine parasifte gastroenteritia (PGE) in temparate regions

involve the abomasal nematode 0, ostertagi and there has been a

great deal of work on the pathogenesis, epideniology and control
of ostertagiasis which is reviewad by Armour {(1980),
Although Ostertapmia is by no means the only genus to be

regularly encountered at post-mortem of cattle, others such as

present, it is widely recognised that {Ostertagia is by far the

most pathogenic of the genera responsible for bovine PGE.

The genus Cstertagia

As waé stated earlier (p.40) the éenus,ﬁyroggy;gg_ereated
nearly two centuries ago, eventually contained & greal many
gspecies which had little in common except the presence of a

copulatory hursa in the male, The genus Haemonchus was ereclted

in 1898 by Cobb to accomodate Sirongylus contertus, and in 1907
Ranaﬁﬁ proposed the genus Qstertagia, in which he placed
Strongyvlus ostertagi of S8tiles (1892) as the type and, at that
time, the sole species. As had happened with Sirongyglus,
Ransom's new genus had the same defect of having insufficient
erifteria to 1iﬁit its members to closely related apecies, and
within a few years it contained species as diverse as C, rubidus,
0, marshalli and O, mentulatus, later to be given their own
éenerie status as Hyostrongylus, Marshallagia and

Camelostronzgylus respectively. After many reallocations the

group of genera related to QOstertagia was finally placed in a aew
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subfamlly, the Osterfsgiinae by Lopez~Neyra in 1947,
In the subfamily are contained the four sgpecies relevant to
this work, two members of the redefined genus Qgtertagis

0. ostertaed and 0, leptospicularis, and two of the newer genus

Skrjahinagia S

B N A ="

Jyrata and S, kolchida,

It is not proposed to discuss the relationship in this work,
but it should, perhaps, be remarked that thezse four species are
the bhasis of the interspecific polymorphism hypothesis c¢f
Lancaster, Hong and Michel (1983) and Drozdz (1974), 0. ostertagi

aZl. N2

being fpaired¥ with S. lyrata and (, leptospicularia with

S kolghida, The data presented here may, nevertheless, provide
additional basic information which may be useful to those
involved in this interesting, though stiil speculalive, {ield of
taxonomy.

Conourrent infection with two or more parasitic geners in
the same organ is common but with the very lJow prevalence of

bovine haemonchosis in temperate regions the only other abomasal

genus found in association with Ostertagia spp is

axei, Intergeners

Trichostrongylus, in the form of T
competitlon between parasites whether for space (Reinecke, 1974)
or nutrients (Heolmes, 1961, 1962) has been reported and more
recently interspecies interactions have been studied e.g.
Oesophagostonwn venulosum and Qe, columbianunm (Dash, 18817} and

0. oatertagi and 0, lepltospicularis (Al Saqur, Armour, Bairden,

bunn, Jennings and‘Murray, 1982). In the first section of this
thesis there was also an indication that changes in the relative

interaction between these species or their response to climate or
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host influence.

In the casae of O, ostertagi and Q. leptospiculsris the

interaction appeared tc agsume ceconomie importance in that the
presence of the latter parasite, even in relatively lew numbers,
increased the pathogenicity of O, gatertagi (Al Saqur gt sl,

1982),

These interesting interactions between O, osterteagi and
He

0., leptospicularis and the B, contortus and

reported earlier prompted a series of experiments in an attempt
to ansﬁer some Of the qQuestions which have arisaen. In
particular, it was decided to study under both laboratory and
field conditions whether there were subtle differences in the
ecology of the free~living stages of 0, csiertagi and
0, leptospicularis which might account for the apparent high
frequency of the former parasite and the occasional appearance of
the latter in large numbers. The interaction of the two

parasites was also investigated by adding low numbers of

0, leptospicularis L3 to a high number of 0, ostertagi L3 and
subjecting the mixed larvae to serial passage in e¢alves. Since a
pre~requisite to any epidemiologiecal studies in the field would
be the differentiation of the infective larvae of the two species

this task was undertaken first of all.

&3
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SECTIONR C©

THY DIFPERENTYATION OF OSTERTAGIA OSTERVAGI AED

0. LEPTOSFICULARIS FREE-LIVING LARVAL STAGES

84




IRTRODUCTION

Studieg on the epidemioiogy of" gastrointestinal nematode
infections are generally carried out in twoe prineipal ways. In
the first, the worm burdens of trazcer calves are used as an index
of the infective larval populations on the herbage, Since most
epidemiological studies run for a minioum of 8 Lo 2% months thig
is expensive in terms of calves, In the second and more widely
used, at least in tenperate areas, herbage samples are collected,
soaked in water and detergent and the residue analysed for the
presence of larvae. The major drawback of this inexpensive
technique is that morphological identification of larvae can
usually only be made to genus level, For differentiation of
larvae to species level 1t is necessary to measure, the total
length of larvae or certain parts of the larvae, the distance
between the tail of the third stage larvae and the tip of the L,
sheath being one c¢riterion which is frequently used,

In this chapter an attempt is made to establish criteria for
the differentiﬁtion of the LT’ L2 and L3 free~living stages of

0, ostertagi (0.0.) and 9, leptospicunlarig (0.L.).

BATERTIALS AND METHODS

Two parasite-naive Fréesian calves, aged four months were

each infected with 100,000 Osterggg;.Lg, one calf receiving 0O, 0.
and cone 0. L,
Origin of Larvae

The G..O. eulture was derived from a field strain containing

97% 0. 0, and 3% S. lyrata, It was isclated from a farm near

Glasgow and passaged six times. It is the same isolate as that
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used by Al Saqur 2t a2l (1982) and coded CB2 by these auvthors;
with extra passages it was coded GB6 al the onset of the current
experiment,

The 0, L. culture was isolated from a mixed culture of O, O,
and 0., L. described by Al Saqur £f al (1982) as strain GC3 and
also iscolated locally in the Glasgow area. It also contained low
nunbers of 8, lyrata and S, kolchida., To purify bthe O, L. it was
passaged twice through sheep and at necropsy of the second =heep
yielded 100% O. I, male worms on morphological identification,

Tyenty-one days af'ter infeetion the fasces of each ca2lf wers
mixed with vermiculite, placed in 206 jars and cultured for 13
days at 21°C as detailed in the General Materials and Methods. On
each day following incubation 1larvae were harvested from one
culture jar, killed and subjected to measurement,

Larval Maasuremnent

A IR e Ve W s

One hundred larvae, killed wilh 10% formalin were traced
daily from cday 2 tn day 13. One hundred larval traces were nade
each day; thecse from day 2 through to day 9 were on L1 and L2
and from day 10 to day 13 on L3. The traces, initially drawn
usging a Leitz drawing tube attacibed to a Leitz M20 compound
microscope at a magnitude x 10, were measured usirg a digitiser
(Plate 6) linked to a Commodore PET computer and printer as
detailed in the (General Materials and Methods. The more
traditional approach to larval measurenent using a c#librated
eyepiece micrometer was also enployed and using this method the

sheath prolongations of 100 Q. 0. and 100 0., L. third stage
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larvae were measurad on day 13.

In addition to measuring sheath prolengations in L3, the

cesophageal length (buccal capsule to end of cesophaguas), the
intestinal length (end of osscophagus to anua) and the tail length
(anus to tip of tail) were marked on the traces and measured.

The distance was caleculated in mierons and the results
analysed using a VAXC Mindi Tab computer programme (Fenn.State
University, 1982} at Stratnelyde University Mathemalics
Departuent.,

A two sample T test was used to analyse the data from L3 of

both speecies while the interaction betwcen the early L1/L2 stages
was checked using a two way znalysis of variance,

RESULTS

Larvae were first recovérea on day 2 and the results are

presented from day 2 through toa day 13, For the pre-infective

stages (L1/L2) comparative measurements of the threec criteria

measured through days 2 to ¢ are sunnarised in Tables C 1, C 2 and

C 3 whieh also include the mean and standard deviatien wvalues,

Figure 1 ceonmnpares the frequency distributions of the paranmeters

measured for both Qatertagia spp at the L3 stage and the mean and
standard deviation values are given in Table Ci.

To take account of data collected on different days,
analysis for species!' differences was undertaken using an

analysis of variance in which the data were blocked according to

day of de#elopment. Table C 1 shows the results of the analysis
of oesephageal lengths and indicates a significant interaction

between speoies and day of development., This means that the
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development pattern of lengith over daye 2 to ¢ 1is not the zame
for the different species, The meang and standard deviabionzs for
each apeciea on each day are also shown in Table C 1.
Examination of the means indigate the pature of the interaction.
On day 2 the nean 0,0, length is 38.16 u less than the mean of
the 0. L. 2engtns., Bowever, by day 6 Lhis difference drovs to
5.71 v. Thereafterr the mean lengths diverge again and on day ¢
the mean 0. 0, length is 32.20 u less than thoese of the 0. L.
lengths,

Similar snalysas were undertaken for intestinal and anus~
tail lengths., The results are shown in Tables C 2 and C 3 and in
both cases significant interactions are indicated, In the case
of intestinal lengths, shown in Table C 2, the interaction
pattern is very irregular. On days 2, 4, 8 and 9 the 0, L, have
the higher means whereas on days 3, 5, 6 and 7 the 0. 0. have the
higher means, Finally {fable C 3} for anus-tail length, the
means are similar initially but from day 5 until day 8 the O, O,
mean lengths are consistently higher than those of the 0. L. mean
lengths., By day 9 the 0, L, larvae had increased to a level § u
longer than the 0. O,

It can be seen from Figure C1 that only the results
pertaining to the oesophageal length and anus to tail are
presented in histogram form. This is because of the wids scalter
of measurements of the intestinal lengths and their lack of
significance., |

From the results shown in Table C 4 and Figure ¢ 1 it is

clear thal the oesophageal length and sheath prolongation of the
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two specles were significantly differeanf, Thus, the mean
ceaophageal length of Q. 0. was only 125.50 u and that of 0, L.
wvas 140,40 u, a difference which was significant at a level of
P < 0.001, Thé mean sheath prolongation was 59,21 forr 0, 0, and
52.02 for 0, L a difference of 7.19 which was again highly
significant (P < 0,001}; the differences in sheath prolongation
are 1llustrated in Plate 6. There were no siganificant
differcnces in the measurements of intestlne, anus-tail and total
lengths.
DISCUSSION

the object of this expe}imé;t wés o comﬁare measursnents of
free-~living larvae derived {rom relatively pure cultures of C. O,
and O, L, in order to obtain acecuralte data which would facilitate
the differentiation of' these species. For this purpose a
computerised method of weasurement and analysis was used, From
the results of measurements of the L1 and L:3 stages there are
significant differences in the developnent rate of-the oesophagus
and intestine in each species. The anus to tail lengbhs were
also significantly different. The anus-tail measurements of
0, 0, were consistently greater than those of 0, L, and this is
consistent with the differences in sheath prolongation length
noted in the L3. At least some of these differences may be
related to varfing times of moulting fronm L1 to Le although no
clear indication of the time of ecdysis was obtained, However,
from a practical viewpoint the data on the L1 and L2 are rather
academic since it is usual to compare the mofphelogy of
trichostrongyle L3 as a means of species recognition rather than

91 and L2.
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FProm analysis of the data on L3’ two of Lthe parausters
measured namely the oesophageal length and the sheath
prolongation yielded data on lengths which were statistically
different, The cescphagus of the L3 of 0. 0, was shortear by =
mean of 14.09 u and the sheath prolongations were longer by a
mean of 7.19 u. Shorter measurenents than these wers
cansistently obtained using wvisual measurements. However,
despite the fact that the visual measurements were always less
than those obteined by the computerised system the trend was the
same and the differences were almost identical suggesting that
simple measurementa could detect the differences in the two
species, However, although these measurements are mathematiecally
different it is questionable whether they are great esough to be
recognised 3imply by visual examination without recourse to
measurement. There is also considerable overlap which would
néeessitate measuring at least 100 larvae,

There have been no other similar studies with 0. L. %o
compare the data with but 0, 0. larvae have been measurcd by
several authors, In most instances those have bteen visual
measurenents of larvae from undefined strains and the only
comparable measurements are total larval length and sheath
prolongation.

For example, Keith {1953) found that the total length of
0. 0, ranged from 842 - 917 u compared with a mean of 783 (range
641 ~ 1025 u) in the present observations, This simply
highlights the marked differences which can cceour belween larvae

of apparently the same morphological species from different

S0
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laboratories and emphasiszes the need to specify origin and
passage of strains of larvae., In Keith's analysis the range of
sheaith prolongation wag 50 to 7% u agalinst 45 to 80 u in the
current trial, In another publication {(Minisgtry of Agriculture,
1971} the total lengih of 0, 0, i1s said to range from T80 ~ 980 u
whieh is closeér to the result of the present trial but still much
highepr overall, From the results of the cuirrent experiment if
would not be possible to differentiate 0. 0. and 0. L, infective
larvae on total lengths.

Generally, these results indicate thab the differentiation
of 0. C. and 0, L. free~living larvae aft field laboratory level
would be very difficult, Also, the c¢onsiderable range of
measurements obtained for the total length of 0. 0. and the
differences to the results of other laboratories euphasises the
difficulty for field investigators in differentiating L3
trichogtrongyle species without clear morphological
characteristics, It would also help if laboratories standardised
the technigues for producing, storing and measuring larvae to

obviate the effeclts of shrinkage and optical delusion.
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TABLE C 4.

SUMMARY OF MEASUREMENT TENGTHS (MICRONS) FROM

100 Q.ostertagi AND O.leptospicularis 3RD STAGE LARVAFE

Qesophagus

Intestine

Anus-tail

Sheath prolengation

(Nigitiser system)

Sheath prolongation

(Visual measurement)

Total length

Mean

sd

Mean

sd

Mean

Mean

sd

Mean

sd

llean

sd

125,50

21.60

A479.40

97.80

117.10

14.60

58.21

6.59

40.57

4,54

783.03

80.02

0.1,

140.40

14.70

4'76.80

69.70

117.20

27.70

32.80

5.57

785.93

80.67

t-value Significance
5. 69% p < 0.00L
0.22 NB
0.06 NS
WA
-6.81 p<=" 0.001
10.81 p="0.001
1.087 NS

* Pogitive t-value indicates oesophageal lengths of 0.0, are
significantly shorter than those of 0.1.

*#%  Negative t-value indicates sheath prolongations of 0.o. are
significantly longer than those of 0.1.




SECTIOH D

THE EFFECT OF YEMPERATURE ON THE DEVELOPMENRT OF
FREE~LIVING STAGES OF CSTERTAGIA OSTERTAGI AWD

C. LEPTOSPICULARIS UNDER LABORATORY CONDITIOHS
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INTRODUCTIOR
AY Bagur et al (1¢82a) demonstrated that the faecal egg

counts (epg) of calves inTected with O, leptospicularis (0. L,)

markedly higher than those of pure or almost pure 0. 0,
infecticns, Under fleld conditions a gimilar elevaticn of the
epg!s of calves given a mixed infection of 0. 0. and 0. L.
compared to pure 0. 0, infection was observed (AL Saqur et al,
1982b),

From the results of these latter obssrvations ane would have
expected tunal high numbers of O. L, would become established in
grazing calves yet Al Saqur et al (1982) found that only four per
cent of the total Ostertagia worm population in calvesz necropsied
in late autumn at the end of the grazing season were 0, L. the
mnajority being 0. 0. This may sipply reflect that galves acquire
an immunity to 0., L. more rapidly, hence the relative
aceunulation of 0, 0, worms, However, Since at the time it was
not possible to differentiate the free<ijiving larvas of 0, 0. and
0. L, from the pasture samples it was inposzible to estimate
levels of challenge and so confirm whebher fewer 0. L, had
established; hence ths experiment described in Section C,

Another explanation could be that the free-~living stages of
the two species have different temperature and humidity
requirements for theilr development and survival and so it was
decided to first study their developmenit under different constant
temperatures in the laboratory and then under the varying

temperatures and humidities which occur in the field . This
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experiment reports the results of the labeoratory studiea on the
effect of two temperatures on the rate of larval development and
the yleld of 0, 0, and 0. L. from faecal culture,
EXPERIMENTAL DESIGH
Faeces, collected from the monospecific donor ecalves, were
incubated at two temperatures (15°C and 21°C). Replicate samples
were exanined daily frowm day 2-25 and the rete of development and

larval yield from & kXnown number of cggs studied,

HATERTALS AND METHODS
Anipals

Two parasite-naive male Friesian calves aged four months

vere cach infected with 100,000 Ostertagis Lg, cne calf receiving

0. 0. ang one 0. L,

Osterﬁagig eggs of both speciles were obtained from a single
passage'of the 0. G. strain {(coded GB3 by AL S8aqur et al 1982)
and since passaged three times (now «oded GBS) and the C. L.
strain (coded GC3 by Al Sagur et al 1982) through two parasite-
naive calves (now qoded GCs5).

Faeces were collectéd from the donor calves using a harness
and bzg system as desaribed in the General Materials and Methods.

As with the normal culture procedure the faeces were mixed
with vermiculite until a firm consistency was obtained.
Approximately the same volume of faeces was placed in each
container (the exact faecal weight was thon determined) and the

jar lids loosely screwed on

A sufficient number of individual samples to enable
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replicate examinations at two tenperatures, at 2§ hourly

intervals, over a periocd of 25 days were prepared, Ths jars were

then stored in two incubators, one at 15°C and the cther at 21°C,
RESULTS

The larval recoveries expressed as a percentage of the eggs
cultured are shown in Figure Dt for the 15°C culture. Tables D1
and D2 detail the yields numerically,

Larvae wepre recovered from most cultures 24 hours poste
incubation witn the exception of 0. L., at 21%C when T2 hours
elapsed before larvae were cobbtained from one replicate.

At both temperatures the recoveries of early first and
second stage larvae were relalively low with individual peaks of
20% and 15.6% being recorded for 0, 0, and 0, L. on days 6 and 8
respectively,

A&t 35°C 0. O, larvae reached naturity, i.e. to the infective
third stage in 10 days while 0. L. required only nine days to
reach this point, mean recoveries being 1.2% and 10.4%
respectively,

After days 9 to 10 larval recoveries of L3 were greater with
individual maximum yields of 31.5% 0, 0. and 57% 0. L. being
obtained at 15%°C on days 22 and 15 respectively., However, at the
higher temperature of 21°C both species attained The infective L3
stage simultaneously on day nine, with means of 6.,9% of 0. 0. and
8,4% of 0. L. eggs having successfully developed. At 219C an
individual maximuﬁ recovery of 43% for 0. 0, was recorded on
day 17 with the highest single recovery of 0. L. again being 57%
on day 23.

There zppeared to be a greater fluctuation of results from
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both species at 21°C and it was also noticed that from day 20
onvwards a progregssively higher numbepr of dead larvac were

present.

DISCUSSION

The cbject of this experiment was to investigate the effects
of two temperatures on the development of 0, 0, and 0. L, in an
attenpt to explain the relative dominance of O, 0. in grazing
calves (Al Saqur et al, 1932b).

The temperatures of 21YC and 15°C were chosen to sinulate
the mean maximum temperabtures in mid-~summer and in early avtumn
respectively in West Scotland. It had been cbserved that 0. L.
established in reasonably high numbers in late spring and summer
but the numbers of this species were much reduced by the autumn
(Al Sagur gt al, 1982b) possibly due Lo unfavourable conditions
for its development.

The results in yields of larvae are interesting in that much
lower numbers of L1 and Lz'were recoverad at both teaperatures
and with both species. This is probably due to the 3luggish
nature of the L., L, compared to the L3 and the recovery
technique which relies heavily on the motility of the larvae.
The harvesting of larvae without baermannlsing (the use of
gieves), was chosen to minimise total larval loss but may have
biased the ylelds of I..1 and LZ compared to the more motile L3.

The yield of L3 of both species was very satisfactory
reaching over.SOS in the case of O, L, at the highest temperature
of 21°¢C. Egg to L3 production by this speciles was also generally

greater at 15%¢, Clearly, the apparent drop in the numbers of
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0, L. established in grazing calves in the auntumn could not be
attributed to the effect of lower mean uaximum temperatures,
However, it may be that Lhe aurvival of 0, L. larvae is affected
by the lower minimum temperatures found in autumn andé this aspect

is dnvestigated in the field studies in the next section.
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TABLE D 1. % RECOVERY OF LARVAE FROM DAILY
FARCAT. CULTURES AT 15 C

O.ostertagi O.leptospicularis
Day Replicate Replicate Mean Replicale Replicate Mean
Y 2 L 2
0 0 0 0 0 o o]
1 2.09 1.54 1.81 0.12 G.33 0.23
2 2.15 0.27 1.21 0.33 .97 0.65
3 1.97 4.02 2.99 2.8 Q.87 1.85
4 2.29 2.27 2.28 0.77 4.09 2.13
e} 5.46 2.23 3.85 2.89 7.71 5.30
6 9.83 20.84 15.34 1.02 9.75 5.39 :
7 3.42 6.35 4.89 9.80 3.06 6.43 ?
8 3.13 0.85 1.99 4.73 15.68 10.21 “
0.83 4,65 2.74 L3 11.36 9.34 10.35 %
10 1.00 1.31 1.16 7.12 7.74 T3
11 2.21 12.60 7.4] 9.86 1.02 5.44 z
12 2.77 2.44 2.61 31.40 21.73 26.57
13 1.58 2.34 1.96 6.81 32.13 19.47
14 8.27 6.60 7.44 26.00 38.51 32.27
15 17.6% 15.49 16.58 17.11 57.13 37.12
16 14.09 26.62 20.36 25.18 5.85 15,52
17 0.97 0.79 0.883 38.42 3.53 20.98 i
18 17.60 1.97 9.79  40.23 41.23 40.73 :
19 13.20 11.30 12.25 24,91 24.81 24.886
20 7.29 16.80 12.0% 36.07 25.30 30.69
21 5.90 il.74 g8.32 12.57 24.59 18.5%8
22 31.50 21..27 26,39 34.43 23.09 28.76
23 28.06 18.04 23.05 37.72 42.51 46,12

24 1.45 14.29 9.37 9,60 31.869 20.65
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TABLE D 2. % RECOVERY OF LARVAE FROM DAILY
FAECAL CULTURES AT 21°¢C

O.ostertagi 0.leptospicularis
Pay  Heplicate Replicate Mean Replicate Replicate  Mean
L 2 1 2
C 0 0 o O ¢
1 2.12 3.92 3.02 C Y
2 4.19 2.87 3.53 G 0.07 0.0A4
3 .00 5.94 5.7 0.22 0.02 0.12
4 1.08 1.63 1.36 2.60 0.79 1.10
5 2.96 4.40 3.68 4.43 1.83 2.98
6 .65 0.83 C.74 3.88 0.91 1.94
7 3.98 4,30 4.14 4.05 2.03 3.04
3 .27 6.76 1.02 4,55 1.65 3.10
9 7.38 6.37 6.88 L3 14.83 1.98 8.41
10 14.39 21.40 17.90 1.40 4.53 2.87
11 7.92 11.32 2.62 2,00 1.69 1.85
i2 27.11 30.20 28.66 19.83 6.93 13.38
13 39.13 11.53 25.33 20.93 49,49 35.21
14 32.89 10.96 21.932 29.74 53.86 11.80
15 41,23 21.42 31.33 35.17 6.19 20.68
18 30,99 19,02 25.01 13,88 38.33 26.61
17 37,65 43.13 40,39 2.67 0.79 1.73
18 7.82 10.89 9.36 56.31 50,47 53,39
19 38.56 36.83 37.70 14.35 16.96 15.68
20 10.86 8.33 9.45 28.95 25.78 27.37
21 12.56 10,79 11.68 13,20 37.92 25.56
22 34,03 11.23 22.63 47.26 6.96 27.11
23 15.48 28.31 21.90 H6G .90 28.47 42.72

24 6.53 24.09 15.31 27.21 2.10 l4.66




SECTION B

A STUDY OR THE RECOLOGY OF THE FRER-LIVING STAGES OF

OSTERTAGIA OSTERTAGY AND O. LEPTOSPICULARIS IN WEST SCOTLAND

)
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passed in the freces are in the two to eight cell stage and in
varmn wezther they hateh in a day or two releasing notile first
stage larvae (L1) which feed on bacteria Iin the faeces and then
moult to sccond stage larvae (Lz). These also feed on bacteris
and then moult to the infective third stage (LB}, which retain
the sheath of the L, (Dunn, 1969).

Two basic requirements of this process are oxygen and
adequaﬁe noisture, and the time taken to reach the infective
stage depends largely upeon temperature. These conditions occur
in the faegcal pat and the L3 then migrate under moist conditions
onto Lhe herbage. Since the L3 ratains the outer sheath of the

LZ’ this is the most resistant of the free~living stages, While

the life cycle of Q. leptospicularis (0. L.) is prebably similap
there have been no definitive studies in this species,

Previous studies on the larval ecology of C. 0, can be
copveniently divided into development and survival in the faaecal
pat, migration from the faecal pat and finzlly survival on

pasture,

— —A—

Development and survival of larvae iu the faeczl pat

Rose (1961, 1962) carried out an intensive study on the
bionomies of 0. 0., under natural conditions in the South of
England. In 1965 he found that the faecal pat was an ideal
environment for the development of infective larvae, Although
the pat dried out, it did so relatively slowly and while a dry

crust, a quarter of an inch thick had formed over the surface of
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the fseces by the fourth or fifth day, it tock almoest a wonth for
the whele pat to dry out, The mininmum and maximum tiue taken for
egegs Lo develop into third stage larvae was 11 and 19 days
respectively durdng April and May and six to 14 days in Juné and
July. Larval development in the faecal pat took place all year
round except during the winter and eggs which had remained viable
resumed developmnent i1n the spring with Lhe prise in tewperature,
In 1962 he made a ocomparigon between the development and
viapility of the free-living stages in facces spread over small
plots and in faeces deposited as pats, Some of the plots were
watered artificially. Faeces were agsin found to be an ideal
enpvironnent for larval develcopment, However, infective larvae
were not recovered from faeces spread over the grass plots which
were not watered, nor were any found on the herbage or in the
upper 0.5 inch of so0il., The facces dried out within féur to five
days and this was net enough time for the eggs to develop to the
infective stage. Other findings were that third stage larvae
could survive on the herbage for up to two years, large numbers
survived eight months and some larvae could withstand winter
conditons.

Vincente (1961) in Spain, studied the development of eggs of
0. ostertagi deposited out of doors during the autumn (October,
November and December) when temperatures of -3°C to 14.5°C were
noted. JInfective larvae were found 45 to 60 days after
deposition of faeces and migration of larvae onto the herbage
oceurred prior to the 35th day. All larvae found on the herbage
in January were iafective. |

Goldberg (1970) studying development, Rigration and survival
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of infeciive larvae of G, ogtertagi in faecal pais deposited
during the summer monthks at Betsville, Haryland, found Znfective
Jarvae on herbage two weeks after depozition of faeces, thesir
numbers reaching a peak in four weeks with the larvae surviving
for 24 wecks,

Williams and Bilkoviéh (1971, 1973) studied the development
and survival of infective larvae of 0, ostertagi under Loulsiana
weather conditions. In their study they compared the total
number of larvae recorded from faeces and herbage on plots
contaminated with compact pats, or secattered in small portions
and as pats or wabtery facces. The percentage.recovery of larvae
was higher on plots with disseminated faecsa than from plots with
faecal pats. During the coolest months of the year, i,e.
December to February, development of larvee $o the infecetive
stage was often delayed for between two and six weeks after
faeces was placed on pasture., From June to September (summer),
infective larvae were first reco&ered six to 14 days after faeces
was placed on pasture. During these months development to the
infective stage was quick, but mortality in the firsi two to six
weeks of sxposure vas high., Larval recovery was generally low
fron herbage or faeces collected from plots throughout the summer
months ( May -~ September). However, from July to Dctober more
larvae were recovered from scattered faeces than from faecal pats
but the difrerence was nol significant., The longest survival of
larvae were observed on plots edntaminated in Qc¢tober, November
and December (autumn - early winter), from whioh.iarvae were

recovered for eight months post faecal deposition. Length of
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survival was also lowest during the summer months; the effect of
form of faeces on survival of infective stages being negligible.
Optimal temperaturs conditions for development of larvae to the
infective stage were considered to be in the range of 13°C to
23°C mean monthly mean air tewperature with 7.5 em to 17.5 em of
total monthly precipitation requirement. Oplimum mean monthly
temperature conditions for survival of infective larvae were
considered to be hetween 8°C to 23°C and 7.5 om to 17.5 cm tobtal
nonthly rainfall, These conditions cecurred from QOctober to
April,

It is interesting to point out thatl in Hose's comparative
studies with spread faeces and pats (1962) conducted during
spring and summer (April to July) he did not recover any larvae
from spread faeces which were not arvificially watered, ile
indicated that the faecal pat was more protective of developing
eggs and larvae regardless of prevailing weather, He also
considered thal spreading of freshly deposited faeces on pasture
in spring and summer mnay either limit or facilitate development
of infective larvae, the precise effect depending on what
climatic conditions subseguently prevail. In the work of
VWilliams gt al, they showed the dissemination of faeces was
.advantageous to development during the coolest months and of less
significance during the rest of Lhe year, They also reported
that during spring and summer months scattersd faeces or faecal
pats dried out at approximately similar rates. Neither form of

faeces appeared to be more protective to developing eggs and

Jarvae than the other,
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Persson (5974) studied the survival of egges and infective
larvee of Q, ostertagi for two years under cubdoor conditions in
Sweden. Hae reported that in plots contaminated with faeces
during January - Feburary only a few infective larvae were found
in the following spring and summer, In plets contaminated in
March and April inlective larvae were recovered al the beginning
of May, while in plots contaminated in June and July viable
larvae wvere found on the herbage after 1% days. Plectz
contaminated in August - Oclober gave rise to larvae during late
auturn and the following spring., No larvae developed until the
next spring in faeces deposited in November - December, The
herbage infestation remained high for 10 to 12 months and maximumn
survival time was 19 months on plots contaminated in May, The
results of this study indicate that under thg elimatic conditions

s

in Stockholm, Sweden infective larvae of 0, ostertagi are

present in &1l seasons of the year,
Yourg and Anderson (1981) studied the ccology of the free-

living stages of 0, ostertagi in a winter rainfall region of

Australia., In field experiments in Vicloria, faecal pats were
deposited on pasture plots at intervals of about six weeks from
June 1976 until 1977. They also compared the development of
larvae on irrigated plots during the summer months., Dung pats
deposited during the winter and spring were pnot irrigated,
Development of larvae was delayed from three Lo 12 days in summer
and for 34 to 68 days in winter, The rate of development was
closely related ﬁo the temperature in the soil and~dung pats and
the nortality rate of pre~infeclive stages increased with

increasing temperature and decreasing moisture levels. Infective
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larvae were present in abundance on herbage and in s0il between
aix and 10 weeks after depozaition providing that the moisture
gontent of this was high., Mortaliiy of the larvae was lovw during
the winter and early spring bul increazsed rapidly in mid to late
spring Irrespective of the time of deposition of dung pats,
Mortality rates of infective larvae in dung pats deposited in
either spring or summer were low and a large proportion of these
larvae were capable of moving into herbage and moil after the
autumn rains, Irrigaticn during summer did not provide Jldeal
conditions for the development of infecltive larvae from eggs, but
hastened larval migration from dung pats.

Migration fron the faecal pat

Migration of the third stage larvae onlto the herbage appsars
to depend upon the condivion of the faecal pats which is, in
turn, influenced by the climatic conditions.

Roae (i961) showed that the larvae of 0O, osfertapgi tended to
congregate in and Just benea;h the hard crust of the faescal pat,
even when deeper parits contained more moisture, Larval migration
to the pasture was a gradual process and occurrsd only when this
crust was softened by rain, Some larvae migrated on Lo the
herbage soon after becoming infective and the majority had left
ths pat by the end of four months, It seews that dry conditions
ecan be regarded as unfavourable to migration from faeces, whereas
wet conditions are favourable, At all times the fzecal pat
served as a reservoir of infection for several months.

Lateral migration was limited, the majority.of larvae were

found at 5 em from the faecal pat and cnly few were recovered 10
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te 15 em away., Vertical migration weas also limited, the majority
of larvae were found less then 5 cm above the s¢oil surface, A
migration of 13 cm from the faecal pat was reported by (Goldberg
(1970). In their studies of lateral distribution of larvae to
herbage, Williams and Rilkovich (1971) indilcated that mest larvae
were reccvered at a distance 2.5 em to 15 cm from faecal pats and
in the wvertical distribution, upper herbage (8 cu to 16 cm from
50il surface) consistently yielded greater nusbers of lspvae than
lovier nerbage (=0il surfagce to 8 cm).

Hipration through =o0il

Migration of infective third stage larvae of 0, ozterts
through soil has been reported by many workers., Thus, Rose
(1961) reported the migration of larvae to the upper 0,5 inch of
soil,

In the studies of Persson (1974) in which eggs and infective
larvae were buried under the soil, he found that infective third
stage larvae could migrate upwards from a level 20 em helow the
s0il surface although the greatest numbers were recovered from
those buried at 10 em, Survival in the soil was for up to one
year,

Fincher and Stewart (7979) in Geoargia carried oul
experiments in which faeces containing eggs of 0, ostertagi were
buried in the scil, They reported an upward verticel wmigration
of 12.5 cm, Under laboratory conditions, the larvae can migrate
up to {5 cm. .

Bairden (1980) showed that infective L@ of bovine
Ostertagia spp could persist in the soil to a depth of 10 ¢m

throughout the year, while Al Sagur et a2l {1882) suggested in
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similar studies that Ostertagia spp L3 yould migrate dowvnwards
during the winter and upwards during the spring and summer. In
their studies they found infective larvae to a depth of 1% om.
EXPERIMENTLL DESIGH

Two series of experiments were c¢arried cut in order te¢
compare the ecology of the free living stages of 0.0, and O.L.;
emphasis being placed en the rate of developnent and survival of
the two species in faeces, herbage and scil.

Faecal pats were deposited on c¢lean pasture at monthly
intervals and regular examination of replicate herbage and fascal

samples carried oul to determine epg. and larval counts,

HATERTALS AWD MBTHODS
e - .. ..

To obtain fresh Ostertagia spécies eggs for the outdoor
ecology study it was necessary to infect two donor animals each
month,

Two parasite naive Ayrshire male calves aged four months
were infected each month with 100,000 0., 0 and 0, L., each
derived from the larval culture of the previous month,

Origin of larvae

' Initially the strain used was the same as for the laberatory
experiment (i.e. 0.0. GB6 and 0.,L. GC5) but thereafter fresh
larvae from each donor.calf was used to infect the next pair.
Thus, by the end of the twelve month deposition pericd the
isolates used had been passaged a further 12 times,

Experimerptal grass plots

Each month, from April 1983 to March 198%, replicate samples
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of fresh fasceg containing eggs of O. O, or O, L. ﬁere placed on
each plot at a2 distance of 50 cm from the centre of eacn pat. In
total 38 replicates for each species were set up for each month
to enable sampling to take place for at least one year,

Parasitological

Facces Due to considerable variation in the establishment of
both 0, 0, and 0. L, in the culture calves, there was a wide
scatter in their faecal egg counts. It was decided that
standardisation of faecal pat size was more important than
standardisation of the number of eggs per faecal deposit since
there was a large variation in the latter,

Faeces were carefully mixed by kneadlng and weighed out into
400 g. masses which were shaped into pats approximately 15 cma.
in diameter and 5 cms, high., This provided approximately equal
nunbers of eggs In each species replicates. Faecal egg counts
were pérformed on 3 repiicates before they were deposited on

pasture,

Sample collection

Samples of faeces and herbage were colleoted from plots at 7
to 15 days after faeces were deposited and at fortnightly
intervals thereafter exeepi in the winter wonths (December to
March) when they were c¢ollected monthly., On each occasion two
faecal deposits for each species were removed, weighed and
analysed for the presence of eggs and larvae, Stages of
developnent were classified according to Silverman and Campbell
{1959) into unemdbryonated eggs, embryonated eggs,“£1 + L2 and L3.

The technigue used here of examining samples from a total faecal
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pat 1ls the most practical for work with bovine fazeces, HBowewvar,
the accuracy is lessz than can be obtained in studies using sheep
fTaeces where individual pellets can be removed and examined
€82, a9 was used by Levine, Todd and Boatman {1974} in their
studies on H, contortuvs. All herbage within a square of 30 cnm.
suprounding each dung pat was clipped at groungd level., Scil
cores were removed to a depth of 5 cu, from the area directily
under the faecal pat, The grass and soil was then processed as
detailed in the General Materials and Methods.
RESULTS

The weather pattern in 1983 and up to June j¢8% was normal
for the Wesgt of Scotland with rain oceurring in most months of
the year. Monthly temperatures ranged freom as wmean maximum of
4,2 to 27.8 °C and a mean winimum of -10°C to 9°C. In July and
August 1283 there was a spell of very dry weather extending over
a three ﬁeek period, Folliowing heavy rain in September and
October, November was drier than usual, In 1984 the spring
months of April and May were éxceedingly éry. The menthly data
is summarised in Table E1 and Fig. E1.

The main criteria studied were the duration of the faecal
pats, the development and longevity of eggs and free-living
larval stages (in faeces, soil and herbage) over a one year
periocd.

The survivél of the faecal pats and their weights are given
in Tables E2 for 0. 0. and E3 for 0. 1., The weights of the grass
samples collected from the O, 0. and 0. L, plots are given in
Tables EY and E5 respectively.

Tables B and EY present the data on the survival ang
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development of eggs, embryonated eggs, L1 + Ly and L3 in the
faecal pats of 0. O, and O, L, For ease of presentation these
arc given as percencages of the original population of eggs,

The data pertailning to the presence and survival of L3
following their migration from the f{recal mass 1s presented in
three different waya, In the first, they are given in the
traditional menner being expressed as L3/kdh. These are tables
E8 and Eg for 0. O, and 0, L. respectively,.

In the second Lhe total numbers of 0. 0. and 0. L. recovered
from each sample are shown in Tables E10 and E17 while ia the
third the totzl numbers of L3 recovered divided by the total
nunber of eggs deposited are expressed as a percentage in Tables
Eiz and E13.

Finally, fthe total numbers of L3 recovered from the =zoil are
given in Tables E14 and E15 for 0. O, and 0. I,

Since there were marked seasonzl differences in the results
these have been grouped seascnally and are reported in the order
of spriang (Aﬁril—MayJ, symmer {(June~July-iugust), autumn
(September-October~Novenmber) and winter (December~January-
February~March). To illustrate the seasonal pattern the date on
herbage numbers of L3/kdh from faeces deposited in summer are
given in Figure E1 together with the climatic data,

Faeces deposited ip spring

The faecal pats containing each species and depesited in
April survived fairly intact for about 12 weeks i.e. until July,
Thereaf'ter they disintegrated slowly and most had disappeared by

36 weeks (November)
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Eggs in faecal pats deposited in April developed very slowly
for both aspecies even though some of the eggs reached the
empryonated stage by the first week, It was not until after two
weeks thast L1 and L2 off 0, 0, were recovered from the fasces and
L3 from the herbage at the sams time, L1 and LZ off O, L,
appeared alsoc at two weeks, Temperaftures during this time were
very low, ranging frowm a minimum of 1.3 to a maxinmum of 10.3°C.
The percentage yields of L3 from the eggs deposited were very lcu
(Tables B8 and E9) for both species with a maximum recovery of 2%
after 12 weeks (July) in the case of 0, 0. and 2.5% afler 8 weekan

(June) in the case of 0, L., These maximum yields were associaled

Cwith heavy rainfall over the previous two weeks (44 nn, Figure

E{). Thereafter the percentage recovery of larvae decreased te
very Jlow levels for both species even though some larvae
overwintered and survived for 12 moanths. Infective larvae vere
recovered from the faecal pats during eight weeks for (G. 0, and
8 weeks for 0, L. No eggs or larvae were recovered from the
faecal pats thereafter. Low numbers (a maximum of six) of
infeetive larvae were recovered throughout from the soil sapples
in the 0, 0. plots two to 24 weeks after faecal deposition in
April while for the 0. L. April faeces, the maximum spring L3
recovery of 27 was observed in week eight.

The faecal pats deposited in May remained intact for 8 weeks
i,e, until July, thereafter they disintegrated gradually but
persisted only untii October i,e, for eight weeks less than the
April pats, On plois contaminated in May with both species
embryonated eggs appeared within a week; thereafter the LT‘ L2

and L3 of 0. L. appeared in the faeces on week 2 and the L3 on
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the herbage on week 8 although only 1.1% of the cggs deposited
became L3. The L3 o 0, 0, first appeared in the faeces in 6
veeks and strangely on the herbage in week 2, The peak yield of
0. 0. was 2.2% in week 16 (September),

The survival of the 0, 0. larvae was much higher than the
0. L. being 1.3% of the eggs deposited after 40 weecks compared Lo
0.06% for O. L. On the plols contaminated with O, 0, in May, LB
wvere found in soil on five occasions, the maximum recovery being
15 in week 16, 0, L. faeceg for this month produced very feow

301l L3 throughout although one core was positive after 2% weelks,

Paeces depoesited in sunpmer (June~Auguat}

aliet, Waid, AARLANIES

Survival of fasces varied cduring the 3 months., There was
little disintegration for the first X weeks, Thereafter the
break-up of the pata occurred fairly quickly ax;d the maximum
survival was 24 weeks for the June pats., The ELugust pats
survived for only 16 weeks s0 all the faeces had disappeared by
December,

In June, the embryonated eggs of both species and the L.| and
L2 of 0, L. appeared wilhin a week and 1.3 in the faeces within 2
weeks, The L.3 were also found on the herbage within 2 weeks,

Maxinum yield of 0, 0. was 24,2% in week 16 {Ocltober) and of
O, L. was 11.49 in week 12 (Seétemher). The yield of 0. O.
remained consistently higher than 0., L, through the autumn e,g.
in week 24, the percentage yield of 0. O, was 5.8% and that of
. L. 0.5%. 0. 0, larvae survived the winter much better than

those of 0, L.
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The highest numbers of larvae wers reccevered from soil in
plots contaminated during the summer months, Thus, in the June
0., 0. plots, L3 were recovered after one week with a peak flgure
of 320 being found iu week 16. Thereafter pumbers decreased to
100 in week 24 i.e, December, and were only positive on one more
cecasion. In the 0, L. plots infective larvze were first
recovered two weeks after faecal deposition with the highest
number of 100 being seen in week eight, A decline in numbers
followed but a relatively high figure of 70 were still present in
the soil core taken in week 32, d.e. Pebruary.

In July the temperatures were much higher vwith a2 mean
maximun of 21.8°C. This was reflected in a more rapid
development with embryonated eggs and larval sbages of 0, 0,
appearing in the first and second week respectively. In fhe case
of 0. L, development was so rapid that embryonated eggs were
never racovered and 1..1 and L2 vere already present in week one,

0. 0. infective larvae were on the herbage by week 2 and a
maximum yield of 23% was recorded at 12 weeks {early October).
¢, L, infective larvae yielded 14.8% by week 8 and 159 in week
12, By week 20 (December) the yields of 0, L., had fallen to 2.4%
compared 7.3¢% for 0O, 0. The larvae of the latter species
survived the winter petter andl15.4% of the eggs deposited were
still present as L3 at the end of the following June compared to
2% of 0. L. |

Week 2 was the first positive so0il =ampling for (.0, wifth a
maxinum of 290 in week 12 while O.L, were first found in week U
with a peak of 180 at this time, L3 of 0.0. and 0.L. persisted

for 16 and 32 weeks respectively.
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As in July, ¢the temperatures in August were higher than the
rest of the year with a mean maximum of 24,4%4°C., Embryonated eggs
of both speciles were present in the first week and L1 + L2 8130
in the first week. Infective larvae of 0. 0. were found in the
facces on week 4 apnd in 2 weeks for O, L,

Infective larvae of 0, 0. wvere found in week 1 on the
herbage and similarly for O. L. 4 maximun yield of 3.5% of 0. O,
was recovered in week 12 (November) and 5% of Q. L. in week 8
(Getober)., Larvae of 0. 0, overwintered slightly better than
0. L. {in week 40 in June, there were 3.8% of 0. O, ancd 0,6% of
0. L.).

Similar soil larval recovery trends were observed Irom the
July and Avgust plotz of hoth species,

Weeks 8 (0, 0.) and 4 (0, L.) were when maximum recoveries
of L3 were found being 290 and 70 respectively, 0. 0. and 0. L.
L3 were still present 36 and 32 weeks aflter deposition i.e. in
April and March,.

Faeces depgsited in antunn (September-Novenber)

For the first two weeks there was 1little visible
disintegration of faeccal pats, thereafter breakdovwn was rapid
with no faeces being lefi after week 16, Development of eggs to
the embryonated stage in faeces deposited in Sepitembesr for 0. O,
took one week as did those of 0. L. L1 and Lz of 0. O were only
recorded after four weeks with no L3 of this species being
recovered from faeces while in the 0. L. pats L1 and L2 were

found after tvwo weeks but again no L3 were evyer recovered frou

the faeces, The lack of L3 recovery from faeces indicates a
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rapid traanslation to herbage which correlates well with the high
rainfail (148 mm) in September.

L3 af both spescies were initiaily recovered from herhage in
week 1 with a maximunm percentage of 0.14% a2t B8 weeks for 0. O.
and 0.7%2 at the sane périod for 0, L, Subseguent recoveries of
L3 of both O, O, and 0. L, were very low with less than 1% after
40 weeks, Embryonated eggs were first reccovered Trom fazeces in
October after 2 weeks for O, G, and cone week for O, L. L1 and L2
of both species were first recovered at week 4 and as in
September no L3 stages of either species were detected in faeces,
In the plots contaminated with 0. O. during September, L3 were
first recovered from soil after two weeks with the maxinum
recovery of 72 being found at this time., Thereafter a general
decrease in regovery ﬁas observed although 1 L3 was still present
in week 24, Very few 0, L. larvae were found in soil with the
highest recovery of 2 béing made in week 2, Two L3 of 0#L. were
also found in veek 12.

In October, hérbage infective L3 were {first found in low
nunbers (0.02%) for boih species in week §} with extremely low
maximal recoveries of 0.27% and 0.24% for 0O, 0, and O, L.
respectively in week 16, For the remainder of the sampling
pericd L3 recoveries from herbage were very low although they did
persist until 36 weeks after faecal deposition, October faeces
produced a maximum of ten 0. 0. infective larvae from soil in
week 28, with thelonly other positive core being taken at eight
weeks. The only O, L, larvae present in soil from the October

faeces were sesn four weeks after faecal deposition.
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In the Hovember fzeges, embr’yonai;ion'was ohserved in wesk
one for both species, 1‘1 and L2 zppeared in week 2 again for
0, C.and 0, L. and no L3 were recovered from the faecal pats
containing either. L3 recoveries from hernage vwere again very
low Q. 0. first appearing at 4 weeks (0.005%) and 0. L. also
requiring 4 weeks for successful transiation (0,05%). The
maximum recovery for 0, O, was only 0.i15% in week 20 while that
of 0, L. reached 0.1% in wesk 12, Low numbers {(0.002%) of 0, 0,
and 0, L., were recovered 36 weeks after faecal deposition. In
Novemwber soil cores taken in weeks ¥ and {6 proved positive for
0. 0, L3 therzafter they renmained negative, 6. L. faeces
produced only one positive core i.e. in week 16.

Throughout autunn, temperatures were low with a mean minimun

of 3.8%C in November and a mean maximum of 15.2% in September.

Due Lo adverse weather conditions sampling through the
winter period was restricted to monthly intervals and thereafter
this practice was ¢ontinued. In addiiion no data was recorded
for the month of January due to heavy suoow cover,

Duration of faeces was short with intact pats being
recovered only up to 4 weeks after deposition, By April (wesk
16) they had vir'tu.al-ly disap'peared. In fasgces pub out in
December embryonated eggs of O, 0. and 0, L. were first delected
in week 8, L”i ang L2 of 0. 0. were reeoveréd from facces in week
8 with no early larval stages being found in the 0., L. pails, At
no time were L3 of either species recovered from fasces, Minimal
L3 recoveries from herbage were observed for both species rirst

in week 8 for 0. L, and also week 8 for 0. 0. Extremely low
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peaks of 0.04% at week 12 for O. Q. and 0.G1% for 0. 1., in week
8. Again very low nunmbers of L3 persisted Lthroughout the
sampling period until 24 weeks for 0, 0. and 28 weeks for Q. L,
In Fabruary, embryonation was firat recorded in week U for
egzs of both species with L1 and Lo of only O. 0. being recovered
(week 8). No LB wvere recovered from faeceas, Paercentage
recoveries from herbage of ¢,002% at week 4§ for 0. O, and 0,001%

st week 4 for O, L, were first recorded, Pergsistence of L., was

L

of a 24 week duration for 0, 0. (0.01%) while O. L.L3 were.found
up to 24 weeks after faecal deposition (0.01%).

0. 0, and 0. L. embryonated eggs vere first detected from
March faeces in week U wilh L1 and I..2 larvel stages of 0, 0. alse
being present at this time, L1 and L2 stages of Q. L, were
congistently abaent from faeces as were the L3 of both species.
L3 of both O, 0. and 0, L. were present on herbage from weeks 4
with 0.002% 0., 0. and 0.0059 O, L. being recorded. An 0. Q.
maximum reeo?ery of 0.1% was recorded in week 16, Infective
larvae of both species persisted on herbage for 16 weeks with
recoveries of 0.1% (9. 0.,) and 0.02% (0. L.}, No soil L3 vere
recovered during the winler sampling period i.e. December,
February and March,.

DISCUSSION

Before discussing thesé-résulﬁs it is verhaps worth noting
the rationale for the methods used in their presentation, Since
the experimental design was chosen to compare tﬁe ecology of the
free-living stages of two species, this necessarily imposed

certain restrictions on sampling and presentation.
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Thus, the Jarval pepulations on the herbage are disgcussed
primarily in relstion to the fotal yield of these larvae from the
eggs deposited, expreascd as a percentage, While thiz providas
information on the producticn and survivael of larvag it does not
indicate the level of infecfion per unit area or herbage.
Hovever, for epidemiological reasong and comparison with other
published work, larval data is also expressed as L3/kdh,
although this may b2 an artificiazl figure since the herbage sampied
vas only a maximum of 17 cm from the faeces,

It sbould also be pointed out that twelve consecutive
passages of 0,0, and 0.L, were necessary to provide infected
faeces and assuming two generations annually this would encompass
six years under natural conditions aad there may be an alteration

in phenotype ol the larvae at this tinme.

Nevertheless and in spite of the above stricturea several

interesting facts emerge from the results, First, there was
little differsnce in the initial development times of eggs, and
egg embryonation was rapid for both species deposited in 211
seasons, embryonated eggs being found after one week in most
samples, It ds interesting that in the case of autumn and vwinter

faeccal pats embryonated eggs persisted for eight weeks while

those in spring and summer faeces had generally advanced to the
L1 and L2 stage by Tour weeks, With the exception of the summer
months the time required for egg hatching and development to the
L1 and L2 stage t&ok at least two weeks and thereaflter these
stages persisted until pat deterioration, The fats of pre-

infective stages afhier pat disintegration is unknown and it is

open to speculation as {o whether they die or are able to
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overwinter and s¢ contribute tc a new generation of L3 on
herbage. IJt is possible that earthworms while meoavenging in
faecal masses may ingest, transport and excrete these stages in
soil as they havc been shown te de for third stage larvae
(Gronvoldd, 1879},

Sacondly, there was a disfinet seasonal variation in the
yield of infective larval stages rom the eggs deposibed with

marked Increases in both replicates of each specles occurring in

the warmer sunmer months of June, July and Augusb, particularly
in June. Thus, the percentage yileld of 0.0, infective larvae
from f'zeces deposited in June reached 24.2¢ in replicste & while
for 0.l.. the highest yield of 11{.4% was reccrded in June again in
replicate L. There was some indication that 0. L. responded
more quiclkly to the higher sunmper temperaturés and that
development of this parasite proceeded more rapidly during the
First fouﬁ veeks.

The data on 0.0, agrees with the results of Rose (1561%)
working in a similar climate in Southern England. In his work
the maximum yield of larvae was recorded frow faeces in June.
Rose employed tolal yield of larvae and where the present results
are given in this mawner the June depcsited faéces alsc produced
the highest total numbers of larvae on the pastures (Table E 10).

However, it should be pointed out that the faeces containing
0.0. and ceposited in June contained twice the number of eggs at

deposition compared to the July faescal samples. This highlights

the benefit of calculating the percentage yield rather than the

total yield of L3/kdh. This is particularly important in
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experinents involving Ostertagia spp where the faecal egg counts

are sc¢ variable. Thus the view was also taken at the outset of
the expesriment that, because of the protective nature of the
faecal pat to infective larvae, standardising the s8ize of the
faecal pat was wmore important than standardising the numbesr of
ERES present.

Thirdly, the yieids of L3 frem eggs of both apecies
deposited from June through August were higher than the rest of
the vear, Thus, the peak L3 numbers of both species were reached
in 12 to 16 weeks after deposition of the eggs and this means
that larval numbers were naximum on the pasture from September
through to Novenmber,

Fourthly, there was a variation in the rate of survival of
the iﬁfective larvae of both species. Although there was some
variation in the results of the replicate samples, the mean of
the two replicates is presented in Table Eib to facilitate the
readiug of the discussion, Taking the June faecal deposit as
an example it can be seen from Table E16 that the mean maximum
percentage of L3 present on the herbage following deposition of
0.0. eggs in June was 23.21% and this was reached in October i,e.
16 weeks after deposition; this percentage yield had decreased to
5.1% by December i.e. week 24 and to very low levels over the
remaining winter months, A similar fall was noted with O.1.;
thus, the mean percentage yield of the July deposited eggs in
October was 14.48% 'ard this had fallen to 2,36% in Decenmber with
less than 1% being recovered in February. In the spring months
there was an inereagse in the larval nunmbers of both species and

in the case of 0.0. this reached over 12% in May and June, i.e,
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reek 44, The 0,L. increase was nuch less nmarked and never
exceeded 2.8%. The source of this larvel inersasze in the spring
is not definitely known but there are al least three
possibilities; namely, that overwintered eggslhad resumed
development and then hatched; that L3 had survived in the faecal
pat or that they khad survived in the svil, The firat ¢f these
possibiliftiea is unlikely since eggs could not be recovercd from

the June, July and August faecal depositions beyond a pericd of

3]

[

four weeks (Table E6 and ET). It is of course possible that ezgs
were washed free of the faecal debris but agein this is unlikely
to ocecur in large numbers from faecal pats in which the weignts
had not decreased significantly for at least 12 weeks (Table B
2), The second peossibility depends on the survival of the faecal
pat and as can be seen from Table E thai faecal pats deposited in
the summer had virtually disappeared by Decenmber,

The third possibility remains the most likely source of the
larvae in visw of the published work of Al Saqur et al (1982), 4in
vwhich an inarease in ﬁasture larval numbers of 0, O, occurred at
the same time as a fall in nuwbers of these larvae in the soil,
However in the current experimeént the results of the soil
analyses shown in Tables Et1d and E15 clearly demnonstrate Lhat
although fairly high numbers of larvae were recovered from the
s0il core at a time when herbage larval populations were high and
the faecal mass was still present, only negligible nuumbers were
recovered in the following spring. It should be remembered
however that the area of soil sampled was direcliy under the

faecal pal and &1 Saqur et al sawupled randomly., If the larvae
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which had mlgrated laterally from the faecal pats were then
washed infto the soil, it is unlikely that they would be recovered
by the sanpling procedure used in thia experiment., The nost
likely reason for the increase in larval numbers in the spring is
that larvae in the soil or root mat had migrated onto the
herbage. Possibly, tLhe fact fthat the spring of 1984 was
abnormally dry compared o the year when Al Sacur et al (1982)
carried out their work encouraged the larvae to migrate lower
than the 5 ¢m sampled in this experiment.

From the results it therefore appearsg that the free-living
stages of 0.0, survive better than those of 0.L. during the
winter and this could be one explanation as to why Q.I., appears
te contribute te outbreaks of c¢linical ostertagiasis on only =&
few occasions (Bisset 1980, ALl Sagur et al 1982). The optimal
temperatures fer the initial develeopment of 0.L. also appear to
be rather higher than for 0.0, It is probable that where 0L, is
a problen in cattle there will have been contamination of the
pastures by dzer, the natural hosts of 0.L.

Finally, it is interesting that, apart from the summer
months {(June ~ August), the yield of infective larvae from the
egps deposited is extremely low and never exceeded 2.5%.
However, although the expressidn of data in this manner has its
b-enef‘its it should be realised that these low yields c¢an
represent quite high values of L3!kdh. For exanmple the
percentage yield of L3 produced from the faeces of one replicate
deposited in November was only 0.2% in the following April; if
this data is expressed as L3/kdh it is approximately 8,000.

Since the average calf ingests 2.5 kg of dry matber per day this
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would give a daily uptake of 20,000 LB which is sufficient %o
¢cauge preduction losg, It could bke argued that these L3 were
recovered within 25 en of the faecal pat deposifted and 80 within
the so~callied "ring of repugnapce" for grazing animalsz, However,
if the survival of faecal pats is studied (Table E2 and E3 ) 1t
is clear that the Hovember {aeces survived for four mounths i,e,
until March/April and therefore ihere would be no faecal nresengea
to deter the animal from grazing the area contaminated by L3.

Any future studies on this aspect should include estimates
of larval uptake by caives grazing the experimental areas, The
expression of data as L3/kdh is useful for this purposse bul the
wain method of presentation used here i.,e, the larvae recovered
expressed as a percentapge of the cggs deposited is most useful

for ccological comparisons.,
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TABLE E &.
IMFECTIVE LARVAE. OF D.ostertagi ON GRASS PLOUTS (La/kdh)

AFTER DEPOSITION OF CATTLE FAECES

MONTH
FAECES 1 2 4 8 12 16 20
DEPOSITED
APRIL A - 181 1,818 7,083 13,043 1,317 1,250
B - - 1,739 5,440 9,320 4,555 555
MAY A - 322 6,667 1,337 2,929 8,582 2,734
B - - 2,500 3,085 3,318 3,187 8,920
JUNE A - 45,000 16,949 365,333 915,823 1,227,329 670,950
B - 35,250 15,091 418,354 796,083 1,291,428 697,283
JULY A - 4,348 64,912 728,421 744,118 621,276 194,048
B - 3,871 75,472 873,256 954,205 493,706 160,965
AUGUST A 2,000 aL,111 107,692 650,000 455, 555 246,153 "
B 5,555 12,000 518,181 371,875 428,000 281,081 <
SEPTEMBER A 1,111 16,363 256,000 38,064 17,333 * 9,167
B 1,423 4,000 16,000 21,403 4,583 * 13,077
QCTORER A . - 1,923 11,250 » 9,231 17,778
B - - 2,307 7,143 " 31,053 43,333
NOVEMBER A - - 2,500 * 60,000 83,636 147,778
B - . 5,555 * 36, 666 84,000 46,363
DECEMBER A - * » 5,000 26,666 2,000 1,579
n - » * - 6,667 3,750 2,143
FLBRUARY A * * 769 687 3,769 10,989 714
B * . - 1,692 343 47,083 500
MARCH A » # 1,000 2,428 - 2,564 -
n *» » 172 1,500 - 7,209 -




TABLE E 8.

MONTH
FARECES
DEPOSITED

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVENMBER

DECEMBER

FEBRUARY

MARCH

{Cont'd)

B x> w0 » T =2 U > O T > W E

24

2,062
1,822
2,648
9,687
148,333
311,842

M
"
38,235
29,630
2,174
5,000
4,187
2,500
2,500
2,195

784
154

296

28

1,633
11,027
13,889

*

*
20,202
13,043

450,000
347,727
6,557
1,695
3,846
25,517
16,615
12,500

32

887

756
#

%
8,536
45,349
404,839
163,333
78,000
95,714
13,793
3,704
1,149
10,244
1,053
482

36

*

*

2,656
3,077
456,410
651,786
201,724
113,253
261,538
140,816
3,084
3,564

80

40

183

714
3,053
7,143
363,953
473,684
409,090
247,778
171,795
218,072
312

44

3,516
2,553
3,793
7,383
279,167
210,000
242,958
201,869
666

400
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SECTION F

TEE EFFECT OF SERIAL BXPERIMENTAL PASSAGE IN CALVES ON THE RELATIVE
PROPORTICNS OF O, OSTERTAGI AND O. LEPTOSPICULARIS

IZ A POPBLATIOR OF MIXED OSTRRTAGTA SPP
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Page 124

IHTRODUCTIORN
Becent studies by Bisset (1980) and AL Sagur et 21 (1v82a,

1¢82b) have shown that O, leptospicularis (0. L.) can be

reaponsible fur outbreaks of bovineg ostertagiasis scometimes as
the dominant species present or mixed with the better known

pathogen G, ostertagi (0.0.)., In the most recent paper by 41

Sagur, Armour, Balirden, Dunn, Jennings and Murray (1084) it was
alsc demonstrated that when inocula of bovine Ostertagia spp
whiech contained O. L., were given to calves, the percentage of
worns established was markedly increased, compared with inocula
devold of 0, L, The increased establishment ﬁf the mixed inocula
was accompanied by an inereased pathogenic effset and olinical
sigus.

Interactions between gastrointestinal nematode species
leading Lo an enhanced establishment of these species had not
been reported before fthe observations of Al Saqur and his
colleagues although increased establishment of abomasal nematodes

from different genera (Ostertagia and Trichostrongylus axel) have

been recorded by Herlich (1959) and Ross, Purcell, Todd and Dow
(1968). Kates and Turner (7953) also noted enhanced infectivity
of Nematodirus spathiger and zﬁggﬁ;mmgigggig when the larvae of
these species were inoculated simultaneously. |

By contrast, there have been two reports in which the
interaction between abomasal nematodes from two different genera
namely Hazemonchus contortus and T, axei resulted in only a few

Baenonchus becoring established in calves following experimental

infections with the two genera (Reinecke, 1970)}; similar
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observations were made in the field by Muller (i968)., In
Australia, Dash (1981) also reported a 50% decrease in the

establishment of Qesophagostomum venulosum when larvae of boih

Oe, venrulosum and Qe, columbianum were adnministered

simultaneously $¢ sheep,
In Section B of this thesis there was alzc an indication

that the presence of H, similis

might adversely affect the
establishment of H. contortus,

In the studies of AL Saqur and his colleagues {1982a, 1982h)
it was shown that 0.L. was morc fecund than 0,0, and this fact
together with the enhanced establiszhwment of bothr species
foliowing their sinmultaneous inoculation under experimental
conditions should have produced heavy contamination of pastures
with O.L., when mixed larval infections were ingested under
natural conditions; yet examination of the worm burdens of calves
exposed to natural mixed infections of 0.0, and ¢, L, al the
commencement of grazing in the spring (May), bad only a low
preoportion of 0.L, in theily Ostertagias burdens rescovered at the

end of the grazing season in September (Al Saqur et al, 1982b).

To try and elucidate the reasons for these fluctuations in
prevalence of 0, O. and O.L., apart from the ecological ones
discussed in Sections D and E, the consequence of serial passage
of an Ostertagia inocu.lum containing a known amount. of 0,0, and
0.L, infective larvae was studied by assessing the numbers of
wvworms established by each species,

The possible role of anthelminties in selecting cut one or

cther of the two species wasz alsc studied in & parallel

experiment,
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EXPERIMENTAL DESIGH

Twoe Inccula, each contalining approgimately 90,000 infective
larvae of 0.0. and 10,000 infective larvae of 0.lL. were given Lo
two calves. On day 143, one calf was given thiabendazole (Merck,
Sharp & Dohme, Hoddesdon, Herts,} at 110 mg per kg bodyweight.
From day 18 the faeces of each calf were collected for three days
for larval culture. The calves were then necreopsied on day 24,
The infective larvae harvested from the faecal cultures wsre then
inoculated, again at a dose of 100,000 L3 into twe wore calves.
This procedure was repeated on & total of six occasions as shown
in the experimental design in Table ' 2.

To control possible changes in the original larval
populations used for the components of the mixed inoccula, the
original cultures of 0.0. and O.L. infective larvae, hereafter
referred to as monospecific cultures, were passaged and cultured
on at least four occasions. This deslign is sumnparised in
Table F 1.

Finally, because of the results obtained in the field
ecology study and the results of the present experiment the
larval progeny of the 6th passage of the mixed inoculum were
stored for several months at 3°C to simulate winter conditions
and inoculated into two calves,

MATERTALS ARD METHODS
Animals - :
| Indoor reared parasite-freé male Friesian calves aged four

months were used for all larval passages,
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Clinical, The calves were examined daily,
Parasitological Observations
Faeces., Faecal egg counts were performed prior to inoculation of
the larvae and daily from day 18 until necropsy. When Ostertagia
eggs appeared in the faeces the latter were cultured at 219C as
desgribed in the General Materials and Methods,
Laryal inocuia

Larval inocula were prepared by counting the number of
larvae present in 40 x 0.025 ml aliquots., A minimum total number
of 400 larvae were counted and to facilitate examination the
larval dilution was so arranged that the number of L3
per 0.025 ml aliquot did not exceed 30. Once the number of L3
present in 1 nl was known the volume necessary to provide the
required inoculum was pipetted out and made up to a volume of
approximately 20 ml prior to dosing the calves, Throughout the
counting procedure emphasis was placed on regular aggitation of
the suspension to prevent clumping.
Origin of Larvae

A monospecific culture of O0.L, obtained from previous
studies by AL Saqur et 8l (1982) and since then subjected to
experimental passage on two occasions and a monospecific
laboratory strain of 0,0. passaged four times were used for
primary infections,
Fost Mortem

At necropsy, the abomasum was opened and the contents and
mucosae processed according to Ritohie et al (1966).
Identificabtion of individual QOstertagia spp were then made and a

morphological examination of the spicules (Plate 7). Where
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S. lyrata

0.ostertagi

Male bursae of O.ostertagi and S. lyrata

Plate 7.
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neasurcrnents were required an eyepiece uicromeber was used
RESULES

Due to unfereseen circumstances there vere twe enforced
changen to the original experimental design of the paszages
invelving {he monospecific culturex, The calves reared for the
firast and second passages suffered from an outbreak of ®virusWy
pneuvmoniza and it was decided that they were in such poor
conditicn that they could not be infected. The first passage of
the moncespecific infective larvae therefore Look place al the
spme time as the third passage of the mixed inceula,
Yorz Buardsas

Table F 3 detaidls the worm populaticons of the calves
following each passage while Table F 4 gives the percentage of
each nematode species recovered. From these results it is clear
that the effect of treatment on day 14 with thiabendazole had a
minimal effect on the number of worms present at subsequent
necropsy. Thus, the totalIOsterhgg;g burdens of the treated
calves ranged from 8,300 to 41,200 conpared with a range of
26,300 to 45,600 in the untreated animals. There was also no
indication vhat the drug selectively removed more 0,0, or 0.1,
This can be seen from Table F § in which the resulis show that
the proportion of both 0,0, and 0,L, are virtually the same in
the anthelmintic treated and untreated calves,

Dverall worm .populations were as might be expected from an
;nfection dose of 100,000 L3 ekcept for one instance when a §3%
establishment of Q.L. was obtained. With the exception of the

mixed untreated group (32.6%) the percentage establishments by
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the time of passage 0 were parkedly reduced with recoveries of
only 4,Y%; 12.6% and 8.3% belng obtained.

Vhere monospecilie control grouﬁs were present in passages 3
through 6, the percentage establishment of worme was higher in
the calves given nixed inocula of larvae, on three out of the
four untreated calves (P3, P5 and PH} compared tc the 0,0,
controls and in only one of the calves (P6) comparead to the 0.1,
controls.

In the worm burdens which accrued from the monospecific 0.0.
culture, 8, lyrata was also recovered on three out of the four
calves infected and ranged from 2 to 1% of the total burden;
0.L. were recovered on two cccasions at levels of 3 and 4%; 0.0.
was the only other species present,

From infections with the monospecific 0.1,, culture four
Oslertagia spp were recovered; O0.L, which ranged from 76 to 939

of the total; 8. lyrata which ranged from & to 12% of the total;

S. kolchide which ranged from £ to 8% and the ovine species

Q. gircumgincta which was present only in the first three

passages at a level of 0 to 6%,

In the mixed inoecula calves given no anthelmintic treatment
four species were detected; 0.0, ranged from 9 to 92%; O.L. from
0 to 88%; S.. lyrata from 0 to 7% and 8. kolchida from C to 2%.

Ih the calves given the mixed inocula plus anthelwmintic
treatment 0.0, ranged frowm 13 to 91%; O.L. from 2 to 8Y7%;
S. lyrata from 0 ts 6% and S, kolchida from 0 to 2%,

Typical spicules from each of these species arée shown in

Plate F 7.
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Clearly, in the calves given the mixed incculz iLhe
percentage of O,L, pfesent =zt necropsy increased through
passages 1 to 5 a%t whieh point the untreated calf harbourad
88% 0.L, and the treated animal 87% of this species. After
passage 6 a decrease in the numbers of C.L. was observed £rom
both calves with 65 and T4% O.L. being recovered from the treated
and untreasted animals respectively.

Following storage st 8°C, for more than six months, of the
L3 cultursd from the faeces of calves whiceh received Lhe sixth
passage, the larvae Inoculated into two calves yielded an almost
pure population of 0.0, with only 0.5% 8. lyrata being recovered
from 200 worns.,

DISCUSSION

The object of this experiment was to examine the population

interactions between two Qstertagiz species 0, ostertagi and

O, leptospicularis which occurred when a mixed incculum of these

speclies was administered te calves and the larvsl progeny of this
population then inotulated into othepr ¢alves and the procedurs
repeated on six occasions. With this experimental design it was
hoped to 2imulate a field situation over five or silx generations
of mixed QOstertlagia spp.

For this purpose isolates of 0.0. and O,L. thought to be
virtually fres of other species were used., However, it is clear
from the results that the isolates were not pure. Thus the Q.0.
isolate contained low percentages of 8, lyrata on three out of
four occasions and C.L. at two neceropsies. The Q0,L. isolate had

an even greater variety of other QOstertagia spp, namely

S, lyrata, S, kolchida and 0, circumcineta mostly at less than

130




Page 131

ten per cent of the total with 0.L. keing the dominant species.
These results are difficult to explain in view of current
theoriea on Ustertagia populations in ruminants., Several authors
have published on polymorphism in nematodes and in QOgtertagiz app
in partiecular. Polymorphisw has been deflned by Ford (1953) as
tthe occurrence together in the =zame habitat at the same time ol
two or more discontinuous forms of a species, the r‘afest of which

iz teoo freguent to he maintained merely by recurrent muatationt,

The filrst indication that polymorphism occurs in Ostertazis

spp and to be mere specific the sub~fanily Qstertagiinse came
from Copland {(1965) who, whilst attempling to establish a pure

culture of G, ecircunmcincta in sheep by nale zslection with

unknown origin females of mixed Ostertagia spp found males of

0, gircumecineta, 0, trifurcataz and Teladorsagia davitiani for

several generations before achieving a pure culture. The author
proposed that these findings suggested cercosgs fertilisation
between the species although he failed to find zny hybrids.
Hybridisation has been reported under experimental
conditions between two closely related Cogperia spp (C. oncophora
and €, surnabada) by Isentein {1971b) in experiments in which the
nematodes were given only a single choice of mate, Jsenstein

(1971a) also concluded that C, encophora is polymorphic with

C. surnabada as the alternative morph.

Polymorphism has also been demonstrated in H, contortus in

relaticn to the frequency of smooth, Knobbed or linguiform vulvar

flaps (Daskalov, 1971). More recently, at Weybridge, Lancaster

and Hong (1981) and Lancaster, Hong and Michel (1983} have

131




Page 132

predueed evidence that Q, ostertagi is a polywmorphic specles and
Q. lyrata is the alfernative morph (these authors prefer

9, Ayrets to 3, lyrata). They also abate that O, lephospicularis

is polymorphic with 8, kolehida as the alternative morph, In
each of ihese relationships the dominant species ig tLhe one with
slender male spicules while the other possesses stronger spicules
{See Plate F 7).

If these theories on polynmorphism are correct how can the
mixtere of species in the present experiment be explained?
Taking the monospecific 0,0, isolate first, the presence of QL.
without S, kolchida does not it with the Weybridge theory, The

presence of S, lyrata without 0. estertagi plus 0, circumeineis

in the monespecific 0.L. isclate is even more confusing., The
Q. civrcumeinects iz presuvumably a contaminant since this isolate
was passaged through sheep and disappedared following three
passages in calves, The presence of S, lyrata without
0, gstertari remains a mystery. One difference between the
current study and the Weybridge work is that they examined 500
males from each necropsy whereas only 100 were examined here,

dowever, the fact that S, lvrata the less common species was

found at a level of § per cent after four passzages and no
0, pstertag: rataer suggests that the differences are not due to
the numbers of wormns examined. Since great care was taken to
avoid c¢ross contamination of cultures the only possible
conclusion is that the simple arrangement of pairs propocsed by
the Weybridge workers on 0, ostertagiﬁg_.f lyrata and
0, leptospicularis/S, kolghida requires severai passages,

apparently more than four, beforg the relationship is
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standardised,

Even pore difficult to explain arc the results from serdal
pagsages of the mixed Inocuwla. The fiprst anemaly was the failure
of thiabenrndazole to have any conszsistent effect on the numbers of
worms established. Treatment at 110 mg per kg bodyweizhlt was
deiiberately chosen to obtain an efflclency which was leas than
80% (Armour, Jennings, Kirkpatrick, Malezweski and Urguhart,
1967) in onrder to bhave aufficient adult male wormzg for
ildentification. The apparent very low efficiency against the 5th
larval stages, which would be present at day 14, could be due to
a variety of reasons; lack of efficiency against thils particular
stage or possibly resistance of this isolate to thiabendezole,
The rformer seems the more likely since the adult stages of this
isclate are known to be susceptible to thiabendaozle {Rairden,
personal comnmunication).

The steady increase in the propertion of 0.L. found aftier
four passages froﬁ 2 to 874 in the treated calves znd 5 to 88% in
the untreated ones is remarkable, It could possibly be ascribed
to the higher egg production of 0O.L, also noted in Section D bﬁt
why then is there a fall in the proportion of 0O,L, following the
fifth passage.

Could there initially Ly a hybridisation of these species
with these hybrids at first being more vigorous and fecund at
the F 1 generation and then gradually beconing less fertile?
This is unlikely as there was no morphological evidence of
hybrid specimens at necropsy.

Could 0.L. be an alternative morph of 0,0. Jjust as S, lyrata
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and what was nappening was a natural phenomernon, 0.L. and 0.0,
alternating in dominance? This would unol il with the classical
description af a morph (Ford, 195%) but might expledin why O.L. is
sometimes isclated as the major preportion of Ostertagia spp
recovered from outbreaks of bovine osierteagiasis.

The other possibility is thal the free-living larvae of Q,L,
are lessg fit for survival than those of 0.0.. in the temperatures
at which larvae are usually sbored i.e. 490 to 6°C. In the first
s8ix passages the interval between larval harvest from culture and
inoculation of calves was only a few days but to tezt the
hypothesis that the 0.L. larvae were less fit, the larval progeny
of passage 6 were stored at 4°C for over six months. This
prolonged storage produced a marked change in the proporfion of
Ostertagia spp in calves P 7A and P 7B, Thus the worm population

vas almost entirely 0.0, with only one §, lyraba being found from

Ao B At

the examination of 200 male worms., 0, leptespicularis and

-

TR ome MR

S, kglehida had apparently disappeared following prolonged
atorage., This finding is rather similar to those in the larval
ecology study in Section E where the free-living stages of 0L,
survived the winter less well than those of 0.0, and could
explain the sporadic nature of its occurrence in bovine
ostertagiasis possibly following contamination of pastures by
deer,

How then does O.L, survive to infect deer each spring? From
the evidence here they survive poorly outside the host and
probably their survival from one season to another is-as arrested
4th stage larvae in the deer, The worwm populations recovered

from calves P T& and P 7B Were all adult worns and storage of
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Oatertagia larvae usually produces arrested 4th stage larvae on
inocvlation to e¢alved. However, it has also bean shown (Armour,
Bruce, 1974 ) that after prolonged storage, in this experinent
more than six months, the larvae prone to arrestment shovw an
increased mortality and the survivors develop to the aduli stage
in the usval period «f time.

Finally, it is worth noting that the higher establishment
rate of inoculs containing both 0.L, anrd 0.0. and ncted by 4L

Sagur ek al (1982a, 1982b) was not regularly observed here. This

e T

could possibly be due to the relative propertion of 0.L, in the

mixture or a change in the infectivity of both species following

Jaboratory passage; Al Sagur and his ccolleagues used isolates

which had been passaged a maximum of three times whereas in the

current trial they had been passaged on at least six occasions.
GENERAL DISCUOSSION

The studies reported in this thesis fall into two distinet
sectionas.

Iin the first, the ecology of H, contortus free-living larval
stages and the seasonal pattern of abomasal worm burdens in young
cattle in a subtropical environment, namely, Paraguay, are
investigated.

In the sccond, some aspects of the ecclogy of two Ostertagia

spp, 0. ostertagi and 0, lepbtospicularis are sftudiad in a

temperate climate, namely West Scotland and the identification
and develeopment of thesse free-living stages examined under
laboratory conditions, In addition, the interacbion'éf these two

species fellowing serial passage in ealves and laboratory culture
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TABLE F 1.

EXPERIMENTAL DESTIGN

Mixed inocula

calfl Day O D 14 D18 - 21 D22
Pl A 10,000 Q.L. L3 B2 __Faecal Naecropsy
culture

-4-

90,000 0.0, L

B 10,000 0.L. L NIL Taecal Necropsy
culture
.|.

90,000 0.0. L

3
. TBZ - e
P2 c 100,000 Mixed I.,,_1 e Faecal Necropsy
N o culture
D 100,000 Mixed L — Faecal N o}
» Xe 3 e dgba ecropsy
culture
P3
\
P4
Jr
P5
J :
Pé
J
P7 M 103,000 Mixed L3 TEZ Faecal Necropsy
culture
N 100,000 Mixed L3 NIL Fagcal Necropsy

culture




TABLE

F 2.

EXPERIMENTAL DESIGN

Monospecific inocula

Pl

P2

Calf

Day

100,000

100,000

100,000

100,000

1.00,000

100,000

Q.L.

0.0,

0.L.

0.0,

0.L.

0.0.

L

L.

D 18 - 21

_Faecal
culture

Faecal
culture

Faecal
cul ture

Fascal
culture

D 22

Necropsy

Necropsy

Necropsy

Necropsy
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TABLE T 4.,
PERCENTAGE OF Ostertagia TYPE SPECIES ESTABLISHMENT

AT NECROPSY (100 males examined)

Monospecific Q.ostertagi Passage

Species Pl P2 P3 P4 Ph P6

0.0. 96 - 89 96 95 98

0.L. 0 - O 4 3 0

S.L. 4 - 11 2

S.K. 0 - ¢ o} 0 Q

Monospecific O.leptospicularis

Species Pl P2 P3 P4 P5 P6

0.0. - - 0 O 0 0

0.L. - - 78 81 93 a3

S.L. - - 10 12 6 6

5.K. - ~ 8 5]

0.C. - - 6 2

Mixed

0.0./0.L., TBZ

Species Pl r2 P3 P4 | 24 P8

0.0. ol 65 65 31 13 34

0.L. 2 28 33 66 87 65

S.L. 6 3 2 3 0 3

S.K. 1 4 0 o 0 0

Mixed

0.0./0.L. Untreated

Species Pl p2 P3 P4 PS5 P& P7

0.0. a2 68 71 32 9 26 99.5

¢.0. 5 24 26 67 88 74 o}

S.L. 3 7 2 8] 1 o} 0.5

5.K. Q 1 1 1 2 0 0
0.0. = O0.ostertagi 0.L, = O.leptospicularis
S.L. = S.lyrata S.K. = S.kolchida

0.C. = 0.c¢circumcincta
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were studied.

H. gontortys in the sub-tropies of Paraguay and Qstertacia
spp Iin the wet temperate climate of Scobland may scem poles
apart, however, although the roasulta indeed indilcate that there
are major differences in the larval ecology of the free-living
stages, Chere are also some similarities.

Perhaps one of the most surprising features of the results
has been the very low yield of infective larvze onto the herboge
contaminated by faeces containing eggs from each of these
parasitic genera, Larvae on herbage are usually presented as
Ly/kdh and while this is useful for estimating the numbers of
larvae avallable to grazing animals it does not tell us much
about the proportion of eggs which actually produce an infective

larva, In the case of H. gontortus, the percentage yield oi‘L3

in the Paraguayan studies apparently never exceeded 0,58% of the
eggs deposited; however, since the examinations of the faecal
deposits and surrounding herbage were made at inter%als of 14
daye 1t is possible that on some occasions larvae produced within
the 14 day period succumbed rapidly prior to the next sampling
date. While acknowledging in retrospect, that it would have been
beneficial to have made more frequent examinations, particularly
within the first 14 days of faecal deposition, it does appear
that a very low percentage of H, ¢ontortus eggs produced viable
L3 which remained on the herbage sufriciently long to facilitate
the chances of ingestion by cattle grazing on the pasture,

In the studies on the two Ostertapgia spp, the percentage
yields were also very low except for the two summer months of

June and July where individual faecal pats had egg teo L3 yields
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of up tc 24.2¢9, In the remaining months of the year the yleld
was always less than 5% and usvally less than 3%.

From the present studies it 1s not eclear why the crops of
infective larvae were s¢ lov; in Haemonchus =ome enbryonated eggs
survived as long as the faecal pats and why wore of these failled
to hatch larvae in apparently iddeal conditions 1s not known but
it may be related to a low oxygen content in the older dung pats.
In the QOstertagia study more eggs appeared to hateh but the
morbality of the L1/L2 stages was apparently very high,

An interesting feature of the Ostertvagia ecology was the
increased crop of 0, pstertagi larvae in the spring on plots
contaminated in the previouws summer and eaubtumn, The scurce of
theses larvae remains unknown but this Vspring riseY of larvae was
also a feazture of the two previous.European étudies on the
geology'of_gL_ggggrtagi larvae, namely thoese of Rose (1962) in
Southern England and Persson (1974) in Sweden., WYhatever the
éource of these lJarvae they must have originated from eggs,
larvae in the soil or terresirial transport hosts such as
earthworms sinee the faecal pabts did not survive for sufficilently
long to act as reservoirs., This was particularly true cof pats
deposited in the autumn when rainfall was very heavy and the
formation ¢f a erust on the faeces was probably prevented. In
contrast, in Paraguay, the faecal pats persisted Tfor several
months and with embryonated eggs surviving in these pats some I..3
wers constantly available to migrate onto ths pasture,
Presumably, the higher maximum tenperatures in Paraguay allowed a2

rapid evaporation of moisture and some crust fermation on the

137




Fage 138

gsurface of the faeces which helped to prolong survival of Lhe
faecal pats.

In the only other study on catile nematodes in which
percentage yield of L3 from eggs was used In the data

prasentation, Young and Anderson (1981) working in Viectoria,

Australia, found that the maximum yleld of 0. gatertagl L3
occurred from faeces deposited in winter and was 15.79. In
avtumn the yields were 8,28 and 10.7% but during the rest of the
year failed to exceed 4.29 and in summer and early aulumn was
always under 2%. These resulis were analogous to those of the
current study sipce autvmn temperatures in Victeorla are similar
o those of June and July in West Scotland.

It is interesting that in the Victorian study, 0. ostertagi
larval development was very rapid, taking only three to 12 days
in summar temperatures of between 15°C and 3000, not dissimilar
to those found in Paraguay. Eowever during this period the
survival of the pre~infecective L1 and L2 stages weas very low but
there was a prolonged survival in the dung pat of thouse larvae
which had becone L3 with a few appearing on the herbage six to
seven months later, in the follcowing winter, Young and Anderson
(1981) suggest that in the arid conditions of the Victorian
sumﬁer the drying of the faecal pats progressively aersated the
pats, s¢ enabling eggs to develop to L3 at a rate directly
dependent on temperature. In contrast, Young, Nicholson, Tweedie
and Shult (1980) bhave reported that when the mgistupa content of
the dung pat was high, the waterlogging effect reduced the amount
of free oxygen and larval mortality, particularly of the L1/L2

was high and development of surviving larvae to L3 was delayed.




Although the Australian workers were studying 0. ostertsgi these
thecries could also explain the poor wield of H, contortus under
similar temperatures in Paraguay, in which, despite crust
formation, the regular rainfall ensured that the moizture content
of the facces remained deleteriously high,

Desiceation is an‘impOftant factor in larval and egg
survival and repeated desiccation is especially important.
Anderson and Levine {1968) working with sheep sbtrains found that
T, colubriformis infective larvae survived for 120 days at 20°C
in walter; with repeated daily desiceation they survived only 30
days. H, contortus survived much betiter Tollowing repeated
desiceation, survival being as long as 80 days, at 20°C (Todd,
Levine and Whiteside, 1970)., However i{ is c¢lear that repeated
deslcecation is muech nore detrimental than a single episode,
Posaibly I, axei and H. similis survive repeabted desiceation
better than the above species.

Jn Louisiana, another suptropical climate, Williams (1971,
temperatures of 13°C to 23°C and that during the not summer when
the mean maximum btemperatures reached 26.5°C to 34.89C there was
a rapld development of L3 acconmpanied by a rapid mortality in the
first two to six weeks, |

In neither of the ecology studies was an attempt made to
measure s0il moisture. Seoil moisture deficits have been used by
workers in the USA (Anderson, Levine and Boatman, 1970; Levine

et al, 1974) in Northern Ireland (Tayloer 1975) as 2 guide to the

condibions suitable for the development and survival of sheep
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neratode larvae, In the Paraguayan study this datz was not
available and it was not included in the Scotiiszsn sﬁudy ginne
thiere appears to be zome doubt as to whether the inclusion of suvch
data is necessary. Thus, Anderson eb al (1970) nave shown that
under the conditions in Urbana, Tllineis, where precipitaction
ﬁsually occurs each wveek, the main factor controlling larval
development and survival is temperature. Since rainfall occurred
every week except on one occasion in Paraguay it vas notb
considered necessary to try and obtain soil moisture valuesg on
site; the volume of data being handled in the Qlasgow experiment
also precluded the measurement of soil moisture and the fact that
larval nunbers remained high during the dry spell in July/August
suggested that sufficient moisture was still present to maintain
develeopment, survival and movement of larvae,

However, 3t should be emphasised that despite the very low
yields of infeciive larvae from the Haemonchus eggs and Lo a
lesser extent the Osterbtagia eggs the actual nunbers of larvae

present were capable of causing significant infections in grazing

cattle. Thus in the Paraguayan study the Lsfkdh of H, gontortus
within four weeks of deposition was usually in excess of 2,000
throughout the year while the levels of O, gsteptagl after the
winter were at least 20,000 L3/kdh. Since most faecal pats had
disintegrated after the wiﬁter the latter larvae would be
situated in areas which cattle would graze without the need teo
avoid faeces.

The results of the field study in Paraguay were interesting
and confirmed that in the sub~iropics the winter and autumn are

the periods when most trichostrongyle infections are acquired by
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caltle, Apart from the seazonal pabiern of infection obsehved in
the permanent tracer calves,; the influence of axtrene weather
conditions, in this case droughi, on the grazing benaviocur of the
cattle and its effect on the magnitude ¢f the worm burdens was
mest interesting and reinforced the observations of Purie (1961)
on the role of the bovine faecal pat as a reserveoir of larvae
during a Jdrought period,

However, from the field parasitologistsor veberinarizns
point of view there were two disturbing resuvltis, The first of
these were the very low epg's of the cattle, despite the fact
that they were harbouring in some cases nore bthan 5,000
HBaemonchus spp and over 50,000 I. axei. There is no obvious
reason for this discrepancy but it may be asscociated with the
diet of the animals or a partial immunity which inhibited egg
production. What js dwportant is the fact that in Sovth America
the epgls of catbtle are thought only to be gignificant if they
exceed 50C {Cabral,  personal communication), In this study the
epg's were often 100 ~ 125, yel the cattle had pathogenic worn
burdens.

The second disturbing feature was the inconsisteni resulis

obtained by the larval cultures. aemonchus larvae were

=25 PSS A

recovered regularly, but T, axei larvae were not, despite the
animals having high burdens of this parasite., This may have been
due to the temperatures at which the faecal cultures were stored
the naturally low epg output of T, axei, Wbatever the reason it

highlights the problems in differentiating trichoustrongyle
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infecticons in the field by the lehg eatablished technique of
faegal larval culture,

abhomasa of the catfle during 1979 and the dominance of the latter
in 1880 was =2lzo very interesting. While (his may reflect that
H. similis free-living larvae are more resistant to the effects
of desiccationt and &0 survived the drought of 1980 there may be
other reasons. For example, could the presence of I, similis
interfere with the establishment of H, nontertus or possibly
affect egg production by the latter? This is an area which
reguires investigatién and the egg production of H. contortus

with or without the presence of H. sl

mils should te Investigafted

DA

The merphology of E, contortus females iz alze uworthy of a more
detailed investigation to assess whether any morphological
changes in the vulvar flap were present, Some autheors (Michel,
Lancaster and Hong, 1971) maintain that the absence of a vulvar
flap in Q, Q__s_t_@,r_’_ym is caused by a developing host imnmunity to
the parasite and it may be that the same is true for
H, contortus. This may be useful to know and would help in
distinguishing whether the H, contortus acquired by other catile
in their second year were morphologically changed by a developing
host immunity,

Another interesting and inexplicable feature of the field
study was the ability of the cattle to cope with burdens of
several thousand Haemonchus spp. without developing an anzemia
or a loas of bodyweight. Although Lhis aspect is"béing dealt
with in detail in another thesis it is worthy of comment., Since

the animals at Pirity were on s poor grazing and & diet low in

142




Page 143

protein it seems rewmarkable that the cattle coped with the
Haenmonchus burdens withoul becomlng markedly anaemic. The
reason for this is not kpown but 1t may be related to a
developing immunity, diet or some interaction with the other
abomasal parasites present.

One aspect which might be worthy of further investigation
is the relationship between the mineral stalus of the herds in

Paraguay and their Haemonchus burdens, Workers in New Zealand

and Ireland have shown a relationship between the Hazemonghus

burdens and the cobalt status of sheep, In cobalt deficiant
sheep supplemented with coball nore H. contortus were
established and the metabolism and pathogenic ¢ff'ect enhanced
compared bto deficient controls {(Downey 1965, 1966), It is
possible that if the Paraguayan cattle were deficient in cobalt
this could have lowered the metabolism and pathogenic effect of
established Haemonchus spp.

The differentiation of infective larvae from different
species of the same genus has always been difficult although
spegcies ocourring in different hosts can be ideutif;ed e.g.

O, circumcincta in sheep and 0, ostertagi in cattle, However,

during the field study in Paragnay the inability to distinguish
larvae of H, contortus and B, similis prompted the experiment

reported in Seetion € comparing 0, ostertagi and

0, leptospicularis, Using a computerised method to analyse the
data it was hoped that populations of the two species of larvae
could be readily separated, This was acconplished and

significant differences in oesophageal length and sheath
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prolongation of the I..3 ﬁere obtained., However, the differences
were so small that they could not be readily discerned on yisual
examinations again ndighlighling the problems of identifiecation
of larvae gt speciea level from faecal culture and nerbage
samples.

The final section of the thesis provided the answer to the

problem of why 0, leplospicularis occasionally capses problems

in the field but O, ostertapgi iz the more common cauvse of bovine
oglertagiasis, Severdl experimental pasgsages in calves of a
mixed larval inoculum, which initially contained g0 per cent of

Q. gstertagi and 10 per cent of Q. leptospicularis, allowed the

more fecund 0, leptospigularis to gradually become dominant in

the Ostertagia populations of the calves after four to five
experimental passages, The indication from the field study on
larval ecology that 0, leptospicularis survived poorly under
winter conditicns prompted the decisien to chill, Ffor a
prolonged period, the larvaze produced following the sixth

passage, Despite the majority of the worins in that passage

being 0, leptospicularis the chilling of the infective larval

progeny for & few moniths, to simulate winter conditions, resulted
in the disappearance of this species from the culture and this
result offered an acceptéble explanation as to why

0, leptospicularis falls to become the dominant Qstertagia spp.

in natural cattle populations of this genus., Similar studies in

deseribed in the field study.

Finally, mention should be made of the different Ostertagia
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found in the larval strains used. If the dogma provided by

racent papers on morphologleal varlants of Ostertagia spp. is to

be believed, the occurrence of S, lyrafa without O, ostertagi is

baffling. Perhaps it requires several laberatory passages of

stralns containing a variety of Qatertzmia =spp. before the

O, leptozspicularis and S, kolghida fall into place, There is

also a need to study the hybridisation of these species under a
variety of conditions although thare was no gross morphological
evidence of hybrids in the present study. A possible seguel of
these studies would be an analysis of the aize ol’ the spicules
belonging to the Ostertagis spp. to possibly identify hybrids.
However, positive evidence of the existence ¢f hybrids would
require carefully managed experiments in which single males and
females of the different species were placed in the abomasum and
allowed ﬁo breed.

The entire field of nematology requires to be more careful
in defining a parasite purely by its genus and species name,
The number ol laboratory passages should also be included and
bicchemical technigues possibly employed to ldentify tissue
enzyres, In this way the identification of pathogenic and

possibly more lmmunogenie strains could be nade.
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