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STELLINGEN 

I 
De belangrijkste mogelijkheden voor het voorkomen van maagdarmstron-
gylose zijn gelegen in landbouwkundige maatregelen. 

II 
Eitellingen hebben geen waarde voor de diagnostiek van maagdarmstron-
gylose bij kalveren in Nederland. 

Ill 
Het aantal eieren en larven dat op de weide overwintert is van belang voor de 
epidemiologic van maagdarmstrongylose bij kalveren. 

IV 
Bij de pogingen, in ons land te komen tot uniforme werkwijzen bij het parasi-
tologisch mest-onderzoek, dient het gebruik van de McMaster-methode of een 
modificatie daarvan te worden overwogen. 

'V 
Te betreuren valt dat het 'SWANN-report' blijk geeft van een eenzijdige be-
oordeling van het gebruik van antibiotica. 

(Report of the joint committee on the use of antibiotics in animal 
husbandryandveterinarymedicine.H.M.S.O., LONDON, 1969). 

VI 
De afdeling Veeteelt van de Landbouwhogeschool is de aangewezen plaats 
om onderzoek te doen naar de invloed van genen op de resistentie van land-
bouwhuisdieren tegen enzootische verwekkers van ziekten. 

VII 
De, althans in het verleden bestaande, neiging van zoologen om de bestudering 
van economisch belangrijke dieren te vermijden is afkeurenswaardig. 

H. D. CROFTON, "Nematodes", Hutchinson, LONDON, 1968. 

VIII 
Het publiceren van resultaten van opiniepeilingen op politiek gebied kan be-
schouwd worden als een niet ongevaarlijk middel tot beinvloeding van het 
publiek. 

IX 
In de toekomstige nieuwbouw van het Veeteeltcomplex is het gewenst de kan-
tine van (een) zo groot mogelijke tafel(s) te voorzien. 

A. KLOOSTERMAN 
Wageningen, 28 mei 1971 



VOORWOORD 

Bij het tot stand komen van dit proefschrift heb ik van velen hulp en steun 
ondervonden. Iedereen wil ik daarvoor hartelijk danken. 

Mijn promoter, Prof. dr. Th. Stegenga, dank ik voor zijn voortdurende en 
stimulerende belangstelling in het onderzoek. Hij was het die mij door de soms 
vele bomen, het bos deed blijven zien. 

De Heer R. v. d. Brink wil ik zeer in het bijzonder danken voor de accurate en 
tevens inventieve wijze waarop hij het leeuwendeel van het laboratorium werk 
voor zijn rekening nam. De Heer K. de Vries, als medewerker van het eerste 
uur, verdient een woord van dank, ondermeer voor het beschikbaar stellen van 
de koffiemolen van zijn vrouw voor het mestonderzoek. 

De Heer W. J. Koops heeft een zeer grote bijdrage gegeven bij de statistische 
verwerking van de resultaten. Mijn dank is groot, mijn bewondering zo mogelijk 
nog groter. 

Met U, Ir. Oostendorp heb ik vanaf het prille begin van dit onderzoek opge-
wekte en opwekkende kontakten gehad. Voor de mogelijkheden op de B.G.D.-
proefbedrijven mij geboden ben ik U eveneens veel dank verschuldigd. 

De Friese Gezondheidsdienst voor dieren, in het bijzonder de toenmalige di-
rekteur P. Sjollema, en Dr. J. S. Reinders wil ik gaarne dankzeggen voor de 
hulp en belangstelling bij het onderzoek op bedrijven in Friesland. Ook de me-
dewerking van de praktiserende dierenartsen Wiersma en Terpstra (Roordahui-
zum), Zerb (Akkrum) en Humalda (Oldeboorn) was voor mij van grote waarde; 
de ter plaatse werkzame medewerkers van de Landbouwvoorlichtingsdienst, de 
heren Visser en Wind, worden nogmaals bedankt voor hun hulp bij hetuitzoeken 
van de bedrijven. 
De goede samenwerking met de veehouders is van groot belang geweest en 
uit gesprekken met hen heb ik veel geleerd. 

Prof. dr. D. Swierstra en Dr. J. Jansen Jr. van het Instituut voor Veterinaire 
Parasitologic te Utrecht dank ik voor de interesse die zij getoond hebben en 
voor het Post Mortem onderzoek van enige dieren. 

Mevrouw G. H. Wennekes-Dekker wil ik graag danken voor het typen van 
het manuscript, hetgeen soms wonderbaarlijk snel, doch altijd zorgvuldig ge-
beurde. 

De Heer W. Heije zeg ik hartelijk dank voor het tekenen van de figuren, in 
het bijzonder voor de snelheid waarmee hij dit op de valreep gedaan heeft. 



.CONTENTS 

INTRODUCTION 1 

1. LITERATURE 3 
1.1. General considerations 3 
1.2. The incidence of species 3 
1.3. Methods of research 4 
1.3.1. Faecal examinations 4 
1.3.2. The estimation of pasture infection 7 
1.4. The interpretation of results 9 
1.4.1. Variations between faecal egg counts 9 
1.4.2. Variations between larval counts on pasture 11 
1.4.3. Statistical treatment of results 12 
1.4.4. Some other factors, important for the interpretation of results 13 
1.5. The epidemiology of trichostrongylosis of calves 14 
1.5.1. The course of egg-output 14 
1.5.2. The ecology of free-living stages 15 
1.5.3. The seasonal course of pasture infection 17 
1.6. Farm management in relation to the epidemiology of trichostrongylosis . . . 17 
1.6.1. The management of grassland 17 
1.6.2. The management of animals 18 

2. METHODS AND MATERIALS 21 
2.1. Methods 21 
2.1.1. Sampling of faeces 21 
2.1.2. Counting of eggs 21 
2.1.3. The preparation of cultures for larval counts in faeces 22 
2.1.4. The counting of larvae in faecal cultures 22 
2.1.5. Sampling of pasture 23 
2.1.6. Counting of larvae in pasture samples 23 
2.1.7. Differentiation of eggs and larvae 24 
2.2. Description of experiments 25 
2.2.1. Experiment I: The course of pasture infection, winter 1964-1965 25 
2.2.2. Experiment II: Grazing experiment, University Farm, 1965 25 
2.2.3. Experiment III: Grazing experiment on experimental farm'de Vlierd', 1965 . 26 
2.2.4. Experiment IV: Observations on experimental farm 'C.R. Waiboerhoeve', 1965 26 
2.2.5. Experiment V: Grazing experiment University Farm, 1966 27 
2.2.6. Experiment VI: Observations on 43 practical farms, Friesland, 1966 . . . . 28 
2.2.7. Experiment VII: Grazing experiment University Farm, 1967 29 
2.2.8. Experiment VIII: Observations on practical farms where the prevention by 

grazing on aftermath was tested 31 

3. RESULTS 32 
3.1. The statistical treatment of results 32 
3.1.1. Faecal examinations 32 
3.1.2. Pasture examinations 38 
3.2. Evaluation of techniques 39 
3.2.1. Examination of faecal samples 39 
3.2.2. The examination of pasture samples 51 
3.3. The relative abundance of species 55 



3.3.1. General considerations 55 
3.3.2. The abundance of species in faeces from various age groups of cattle . . . . 56 
3.3.3. The abundance of species in faeces of calves 57 
3.4. Results from the experiments I-VIII 62 
3.4.1. General remarks 62 
3.4.2. Results of experiment I 63 
3.4.3. Results of experiment II 64 
3.4.4. Results of experiment III ' . 68 
3.4.5. Results of experiment IV 72 
3.4.6. Results of experiment V 75 
3.4.7. Results of experiment VI 80 
3.4.8. Results of experiment VII 88 
3.4.9. Results of experiment VIII 94 

4. DISCUSSION 96 
4.1. Evaluation of techniques 96 
4.2. Larval counts on pasture 97 
4.3. The level and course of egg-counts from the epidemiological point of view . . 97 
4.4. The level and course of egg-counts from the diagnostical point of view . . . . 99 
4.5. Farm management in relation to the epidemiology 101 

SUMMARY . . 103 

ACKNOWLEDGEMENTS 105 

SAMENVATTING 106 

REFERENCES 108 



INTRODUCTION 

General agreement exists among several authors that trichostrongylosis in 
cattle and sheep has to be looked upon as a management disease, caused by 
increasingly rapid changes in stocking-rate, grazing systems, number of cattle 
per unit of labour and other farm management factors. 

Cattle husbandry in the Netherlands can be characterized by a very high-
stocking rate (up to 2.5 cows per ha) which has been made possible firstly by the 
extensive use that is made of artificial fertilizers (up to 200 g pure N/ha) and 
secondly by application of rather intensive rotational grazing systems for milking 
cows. With the number of milking cows the number of calves per farm has also 
increased, but the rotational grazing is largly restricted to the first category while 
several calves are still grazing on the very same 'calf paddock' near the farm 
house. 

Another point of importance is the use of permanent pasture (96% of the 
grassland) while the use of ley pastures is relatively small. 
Finally the proportion of the total farm area that is mown at least once per 
year for hay- or silage-making is very high (up to 200 %). From an epidemiolo­
gical point of view this high mowing percentage might counterbalance the pre­
sumably unfavourable effects of high stocking-rates and permanent pastures. 
OosTENDORPet al. (1965, 1968) showed that calf-grazing on aftermath (which 
becomes available as soon as early June) can be extremely useful in controlling 
trichostrongylosis in these animals. 

Whereas considerable work has been done on the liverfluke-problem in the 
Netherlands and an extensive study was made of trichostrongylosis in sheep by 
WENSVOORT (1961), there is relatively little information on nematodes in cattle. 

The present study is an attempt to get a better insight into the following sub­
jects: 
1. The excretion of eggs in the faeces by calves. 
2. The infestation of pastures with infective larvae. 
3. The incidence of the different nematode-species. 
4. The effects of farm management on the epidemiology of the disease. 

These points have not systematically been studied in the Netherlands, and 
abroad the first three have often been investigated under conditions of severe 
infection. Although gastro-intestinal nematodes are recognized to be wide­
spread in cattle in the Netherlands, trichostrongylosis is not as serious a 
problem as it is in other parts of the world, where mortality and weight-loss 
among these animals can be relatively common. Therefore, in the study re­
ported below, as large a number of farms as possible, among them farms with 
apparently healthy calves, have been under investigation. 

Under field conditions the faecal egg-output is the only tangible result that 
can give an impression about the worm-population in the host. Besides that it 
gives information on the degree to which a pasture is contaminated. Although 
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recently much doubt has been thrown on the diagnostic value of faecal egg-
counts, considerable labour is still spent on these counts in the Netherlands. 
Therefore the faecal egg-counts will in this study be evaluated both from the 
epidemiological and from the diagnostic point of view. 
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1. LITERATURE 

1.1. GENERAL CONSIDERATIONS 

During the past century, particularly the last twenty years, an enormous 
number of papers has been published on gastro-intestinal nematodes in farm 
animals. Many of them deal with trichostrongylosis in sheep and with anthel­
mintic treatment of the disease in various domestic animals. Among them only 
those studies that are of general interest will be mentioned here. 

A large proportion from the literature on trichostrongylosis in cattle appears 
to be of typical veterinary interest. In the survey presented below special atten­
tion will be given to methods of research and to the epidemiology of the disease 
as it occurs in the field. Wherever possible, use will be made of recently published 
review-articles. 

Finally, we want to stress that it is not intended to give a complete review of 
the available literature. 

1.2. THE INCIDENCE OF SPECIES 

A list is given by SWIERSTRA et al. (1959) of 13 species of gastrointestinal ne­
matodes recorded from cattle in the Netherlands. No information is given on 
the relative abundance of these species, but according to JANSEN (pers. comm). 
the situation resembles very much that reported by ROSE (1968) for S. E. 
England. This author found the genera Ostertagia, Cooperia, Nematodirus and, 
to a lesser extent, Trichostrongylus to be most prevalent in calves. Within these 
genera Ostertagia ostertagi, Cooperia oncophora, Nematodirus helvetianus and 
Trichostrongylus axel were most frequently recorded. These findings are in good 
agreement with the reports from other authors studying natural infections in 
temperate climate regions: ROBERTS 1957a and PETERSON, 1957 Australia; 
ANDERSON et al., 1965b, W. Scotland; Ross, 1965, N. Ireland; BURGER et al., 
1966, N. W. Germany; RICE and SMITH, 1966, E. Canada. 
Other species, Oesophagostomum radiatum, Bunostomum phlebotomum, Hae-
monchus contortus, Haemonchus place!, Cooperia punctata, Cooperia pectinata 
are regarded as important cattle parasites in tropical and subtropical climates 
(PORTER, 1942, Southern U.S.A.; ROBERTS, 1951, Queensland, Australia; LEE et 
al., 1960, Nigeria; ALICATA, 1960, Hawaii; KUIL, 1967, Suriname). 

Of the species predominant in temperate climates, Ostertagia ostertagia is 
recognized by most authors as the main source of clinical disease and much 
research has been focussed on this species. 

It must be pointed out here that estimates of the relative abundance of spe­
cies can be made by two basically differing methods: by counting worms post 
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mortem or by counting and differentiation of eggs in faeces. These methods may 
yield quite different results. 

ROBERTS (1957a), PETERSON (1957) and BURGER et al. found by faecal examin­
ations that Cooperia oncophora was far more abundant in calves than Ostertagia 
ostertagi. CIORDIA et al. (1962a,b, 1964), ANDERSON et al. (1965), BURGER et al. 
(1966) and ROSE (1968), on the other hand, reported more Ostertagia ostertagi 
than Cooperia oncophora when counting worms P. M. These differences prob­
ably have to be attributed to differences in egg-laying capacity of the two 
species. 

In the next sections the various species will be designated by abbreviations of 
the genus name, as O. ostertagi, C. oncophora and so on. 

1.3. METHODS OF RESEARCH 

The various methods in use for the study of trichostrongylosis can be divided 
into two main categories: 
1. Observations on the host animal, e.g. clinical, biochemical, haematological 

and immunological observations, faecal examinations and worm-counts 
post mortem. 
2. Observations on free living stages of the parasites, i.e. faecal examinations 

and estimations of pasture infection. 
For the purpose of routine examinations on large numbers of farms, where 

subclinical infestations exist in the majority of cases, only the observations of 
the second category can be applied. Therefore only these methods will be con­
sidered here. 

1.3.1. Faecal examinations 
Sampl ing of faeces 

Whatever the method of faecal examination may be, the counts are always 
made on a very limited amount of faeces which is supposed to be representative 
of all the faeces a certain animal has produced during a certain period of time. 
In another part of this chapter the variations between samples due to epidemio­
logical causes, and the variation within samples due to subsampling of faeces or 
the technique used, will be considered. 

The question we want to raise here is why, as a rule faecal samples are taken 
from individual animals. Very often (among others PITRE, 1967; DORSMAN, 

1954) it is recommended that fresh samples should be taken from the animal's 
rectum, as older samples will not yield all the eggs because some of them may 
have reached a larval stage. Moreover, samples picked up from the soil might be 
contaminated with eggs and larvae of free-living nematodes. Another argument, 
though rather theoretical as yet, has been put forward by HUNTER and QUE-

NOUILLE (1952) who stated that the dispersion of egg counts throughout a flock 
can be as important an epidemiological criterion as the mean level of infestation. 

ROBERTS et al. (1952) found that the mean egg-count in a flock is a very effec-
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tive aid to diagnosis, provided a sufficient number of animals is sampled and 
the disease is considered as affecting the herd rather than the individual ani­
mals. Many authors share this opinion. Furthermore, most of them advocate 
treatment of the whole flock in which disease occurs, instead of restricting 
treatment to individuals which show clinical signs. Nevertheless no studies have 
been made on the possibility of examining one single sample from a herd that 
has been collected by thorough-mixing either of separate rectal samples or of 
samples from freshly passed faecal pats on the pasture. Undoubtedly such 
procedures could save much time and labour. 

Counting of eggs 
Counting of eggs in faeces is a widely used method in diagnostical and epide­

miological investigations on trichostrongylosis. A great variety of techniques is 
known. Most of them can be regarded as modifications of the dilution tech­
nique of STOLL (1930), the direct centrifugal floatation (D.C.F.) technique of 
LANE (1924) and the McMASTER-technique of GORDON and WHITLOCK (1939). 
Excellent reviews on various modifications are given by ECKERT (1963) and 
GIBSON (1965). 

Comparison of the three mentioned basic techniques have led to the following 
general conclusions : 

The most accurate are counts by the STOLL-technique and its modifications, 
as the McMASTER-technique tends to some overestimation of the number of eggs 
per gram (= e.p.g.-value) (LEVINE et al., 1960; PETERS and LEIPER, 1940), and 
the D.C.F.-techniques may lead to serious underestimation, due to loss of eggs 
(LEVINE etal., 1960). 

The D.C.F.-techniques have a high sensitivity, i.e. they are able to detect 
lower numbers of eggs per gram of faeces, when compared with the other two, 
and of these, the McMASTER-technique, being in a certain sense a combination 
of STOLL'S and LANE'S techniques, is more sensitive than the dilution-technique. 

Of the three techniques the MCMASTER is reported to be the speediest which is 
probably one of the major reasons why this method is used by many authors, 
especially those working with sheep. 

Differentiation of larvae 
Completing of faecal egg-counts by differentiation of the eggs at genus- or 

species-level may add considerable information, as it is known that the various 
species can greatly differ in pathogenicity, egg-laying capacity and resistance to 
adverse climatic conditions or anthelmintics. The eggs of Nematodirus spp, Bu-
nostomum spp, Trichuris ovis and Strongyloses papillosus can be differentiated 
directly. Eggs of other genera are not easily distinguished from each other. 
Most work has been done on sheep-nematodes. KRUG and MAYHEW (1949) and 
HANSEN and SHIVNANI (1956) working on cattle nematodes, could separate the 
eggs of other genera into two groups: the Haemonchus-Oesophagostomum-
group and the Ostertagia-Cooperia-Trichosirongylus-group. According to 
ECKERT (1963) direct egg-differentiations, despite the extensive studies made by 
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several authors, are of limited value for practical purposes. Under Dutch condi­
tions, the first of the above mentioned group is probably not important in calves. 

Differentiations are most frequently made by means of culturing and identifi­
cation of infective larvae. A method of culturing 3rd stage larvae from eggs in 
faeces is described by ROBERTS and O'SULLIVAN (1950). Most of the methods 
used by various workers are essentially the same or slight modifications of it. 
(KEITH, 1953; HANSEN and SHIVNANI, 1956; CORTICELLI and LAI, 1964; THEO-

DORIDES, 1964). 
The temperature used in various studies varies from 25 °C tot 28 °C. This 

temperature-range is in good agreement with the opinion of WALLACE (1960), 
with the results of CIORDIA and BIZZELL (1963) and those of ROSE, (1961, 
1963 a,b.) 

Another important factor is the composition of the culture medium. RO­
BERTS and O'SULLIVAN (1950) concluded that ground dried sterilized cow-dung 
was the medium of choice out of several other substances they tested. C IORDIA 

and BIZZELL (1960) observed a favourable effect of sphagnummoss on the 
recovery of larvae from faecal cultures. 

All the described procedures for extraction can be regarded as modifications 
of the original Baermann-funnel method (BAERMANN, 1917). 

Although some authors (KAUZAL, 1940; DINABURG, 1942; DURIE, 1959) 
reported inconsistent results from this method, ECKERT (1963), using freshly 
cultured faeces, had good results with it. DURIE (1959) regarded periods of in­
activity, particularly in aged larvae, as the main reason for the highly variable 
results with the Baermann-method. In many of the cited reports on different 
culture-media or extraction-procedures there is lack of statistical proof of the 
differences claimed. 

KEITH (1953), HANSEN and SHIVNANI (1956) ,GEVREY et al. (1964) and CORTI­

CELLI and LAI (1964) gave descriptions of morphological characters and of 
measurements of infective nematode larvae from cattle. Despite geographical 
variety of the countries where these authors were working, there was a good 
general agreement between their results. Most of them were using pure strains 
of nematode species; this means that the environments where the larvae came 
from must have been rather limited. Unfortunately, there are indications that 
environment (e.g. the diet of the donor-animal, the culture medium) may in­
fluence the measurements of larvae, (ECKERT, 1963) and therefore one cannot 
expect all the third stage larvae from faecal samples of a large host population 
to fall within the measurement ranges given by the above cited authors. The 
total length of the larvae and the extension of larval sheath beyond the tail of the 
larva are the two measurements by which, together with morphological charac­
ters, differentiation of larvae is possible. Logically, a positive regression be­
tween total length and extension of sheath might well be expected. Such 
regressions might be more useful than measurement-ranges, especially where 
overlapping of measurements occurs e.g. between Cooperia species (HERLICH, 

1965) and between O. ostertagi and Haemonchus contortus (ECKERT, 1963). It 
appears however that no studies on these regressions have been made. 

6 Meded. Landbouwhogeschool Wageningen 71-10 (1971) 



In order to avoid the nine-days culture time, which is a great disadvantage, 
particularly in diagnostic work, WHITLOCK (1956) described a method for the 
recovery and identification of first stage larvae of sheep nematodes. This 
method has as yet not been very much used, probably because of the time-
consuming measuring procedure which is necessary, the possible confusion 
with free-living nematodes species, and the high vulnerability of this stage. 

Coun t i ng of l a rvae 
Counts of 3rd stage larvae in faecal cultures have only rarely been practised. 

HANSEN and SHIVNANI (1956) applied this method and observed a good agree­
ment with egg-counts, but for survey work they preferred the latter, because of 
their relative ease and speed. 

ENIGK and STOYE (1963), cited by ECKERT (1963) used larval counts, because 
of their high sensitivity, as a check on egg counts. The possibility, to use for 
larval counts large amounts of faeces, is indeed a great advantage. 

1.3.2. The estimation of pasture infection 
Methods for the estimation of pasture infection or the numbers of larvae in 

pasture-samples have been described by TAYLOR (1939), CROFTON (1954), 
MICHEL and ROSE (1954), PARFITT(1955),STURROCK (1961), DURIE (1959, 1961) 
and DONALD (1967a). 

Sampl ing of p a s t u r e 
TAYLOR (1939) described a sampling technique by which a bulk sample is 

taken by each of two persons who make a W-shaped traverse through the field, 
and make halts at regular distances, so that about one hundred halts are made. 
At each halt, pinches of grass are taken from four well defined different places. 
About eight ounces ( ± 200 gr) of pasture was considered to be a suitably sized 
bulk-sample. CROFTON (1954) stated that, theoretically, in Taylor's method the 
number of traverses and pinches is much too low because the larvae are not 
randomly distributed and are not numerous in relation to the total number of 
pinches a pasture can provide. He agrees, however, that some compromise has 
to be made, as large bulk-samples make recovery techniques more difficult. 
Furthermore, this author prefers plucking of grass to cutting because in this 
way a larger part of the total larval population is sampled and the results will be 
less dependent on weather conditions. DURIE (1962) divided the pasture into 
four equal parts and sampled every week alternatively two diagonally opposite 
parts, along the diagonals of each subarea. Samples were taken by cutting the 
grass at ground level within an 8 inch square quadrat at intervals of three paces. 
Afterwards this sampling scheme was changed: the coordinates of the sampling 
points were determined on every occasion with aid of a random number table 
and numbered discs placed on two boundary fences at right angles. Tests indi­
cated that the two methods yielded very similar results. The latter method was 
also used by DONALD (1967a). 
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Sepa r a t i on of l a rvae f rom grass 
The larvae are separated from the grass by washing of the grass in relatively 

large volumes of water. To improve the washing process, several measures can 
be taken. 
1. Soaking of the grass for a certain period ranging from 2 hours (TAYLOR, 

1939; PARFITT, 1955) to 24 hours (MICHEL and ROSE, 1954; DONALD, 1967a). 
This soaking can be repeated (DONALD, 1967a). 
2. Repeated washing of the grass is applied by DURIE (1961), who used about 

one gallon of water 3 times, and by PARFITT (1955) who used two gallons of 
water twice. 
3. Addition of a detergent which facilitates the wetting of the grass is applied by 

DURIE (1959) and ROHRBACHER (1957). 
4. The use of warm water may activate the larvae and thus improve their sepa­

ration from the grass. ROHRBACHER used water at approximately 40 °C. 
TARSHIS (1958), got better results with the BAERMANN-method when using water 
at 104 °F. 

Generally the washings from a grass sample are bulked. In order to concen­
trate the larvae in a smaller amount of water the washings are left for a certain 
period, (usually overnight) to sediment. Thereafter the supernatant water is 
removed by sucking or syphoning off. 

Two fundamentally different principles are used in the separation of larvae 
from the sediment. 
1. The BAERMANN technique or modifications of it; here the separation of 

larvae from the substrate depends on the activity of the larvae. The method 
was used by TAYLOR (1939) KAUZAL (1940), ROHRBACHER (1957) TARSHIS (1958) 
and STURROCK (1961). According to DURIE (1959) the BAERMANN-method 
yields inconsistent results, especially in pasture samples, where activity of larvae 
is often decreased due to ageing of the larvae. 
2. Techniques which make use of the difference in specific gravity of larvae and 

sediment. DURIE (1959) separated the larvae from the sediment by a constant 
upward water-flow in a funnel-shaped vessel, so that the flow rate gradually 
decreased. CROFTON (1954), MICHEL and ROSE (1954), PARFITT (1955) and 
DONALD (1967a) described methods by which larvae are separated from the 
sediment by floatation in a solution of high specific gravity. 

Coun t i ng of l a rvae 
Counting of the larvae is done with aid of a microscope. In many of the 

techniques described this cannot be done until a laborious process has been 
worked through by which the larvae are concentrated in a very small volume. 

In TAYLOR'S (1939) original method the larvae were counted under a dissec­
tion-microscope and removed if, rarely, high magnification was required. By 
so-doing larger amounts of suspension can be examinated. DURIE (1959) used a 
counting chamber in which aliquot samples of 1 ml from a 100 ml suspension 
were examinated. The resulting sensitivity is rather low and this may be a dis­
advantage (DONALD, 1967a). 
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1.4. THE INTERPRETATION OF RESULTS 

1.4.1. Variations between faecal egg counts 
The first important condition with regard to the interpretation of results is 

knowledge about the variations between counts, particularly those caused by 
technical- and sampling error. 

Before discussing the literature on the variations due to technical error and 
sampling error it should be pointed out that it is important to define accurately 
what is meant by a sample. As it is impossible, for' routine purposes to count 
all the eggs an animal excretes during a certain interval of time, it is necessary to 
take one or a few defaecations for examination. 

Once such a portion of faeces has come to the laboratory a sub-sample of one 
or a few grams is taken, the weight depending on the technique used. Within a 
sub-sample (or faecal suspension) one or more counts may be performed. The 
following scheme may be illustrative. 

o 
All faeces 
excreted during 
a certain period 

O 

A defaecation 

1 

— • -
A faecal 
suspension 

A count 

3 
Sampling error ? technical error 

A count or an average of counts is considered to represent all the faeces 
passed during the time interval. As can be seen from the scheme, on three differ­
ent occasions errors (denoted by 1, 2 and 3) may creep in. Error 2 may be seen 
either as technical error or as sampling error, this depending on what is called a 
sample. Usually the defaecation is seen as such; in that case error 2 should 
preferably be defined as technical error. A full description of the mixing- and 
subsampling -procedure and an estimate of the efficiency of that process should 
then be given. Unfortunately this appaers to be done rarely. 
HUNTER and QUENOUILLE (1952) defined the faecal suspension as 'faecal sample'. 
In that case error 2 may be called sampling error. 

With respect to error 1, observations were made by PETERS and LEIPER (1940), 
SPEDDING (1952, 1953) and BRAMBELL (1963) on sheep; all found significant 
variations between defaecations even if these were taken from the same animal 
on the same day, or within a few days, so that variations due to epidemiologi­
cal factors were not expected. Variations occur, that cannot be ascribed to some 
specific factor. This indicates that the production of eggs by female worms is 
not a continuous process, and the gastro-intestinal tract is not a very efficient 
mixing device. 

The faecal consistency and the age and body weight of the animal are recog­
nized by some authors as disturbing factors for which corrections might be in­
troduced. (LEVINE and CLARK, 1956; RIEK et al., 1958; BRAMBELL, 1963). Intro­
duction of correcting factors, however, is only valuable if it can decrease 
sampling error significantly in relation to the existing over-all variance. Accord-
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ing to BRAMBELL (1963) this is not the case when correcting for faecal consis­
tency. 

SPEDDING (1952) and BRAMBELL (1963) observed large differences between 
samples within sheep, within a day; they could not show a systematic pattern 
of variation. However, DORSMAN (1957) suggested there was some indication of 
a specific daily rythm in the egg output of cattle. 

Regarding error 2, observations were made by PETERS and LEIPER (1940) and 
BESCHetal. (1960), who showed that significant differences between portions of 
sheep-defaecations are possible. No information on this point is available from 
cattle. Anyhow, it will be safe to mix the faeces; the efficiency of mixing should 
then be estimated. 

On error 3 information has become available for the McMASTER-technique 
applied to sheep faeces. PETERS and LEIPER (1940), HUNTER and QUENOUILLE 
(1952) and BRAMBELL (1963) reported the McMASTER-counts within a faecal 
suspension to be PoissoN-distributed. DUNN et al. (1967) however, working on 
faeces with a very high egg-content reported a deviation from it. Unfortunately 
these sorts of studies have not been made on D.C.F. techniques. 

Apart from the variations mentioned, which are due to sampling and tech­
nical error, variations between counts may arise from seasonal or treatment 
effects and from differences between animals. These variations are the subjects 
of most of the investigations. Usually animals or groups of animals are sampled 
regularly at certain intervals of time. Variations between times of sampling will 
be considered in another part of this chapter. 

Variations between animals within a herd are known to be quite large. Even 
if animals are experimentally infected with the same doses of larvae, large 
variations are observed. These differences can partly be ascribed to age, nutri­
tion and genetical factors. Variations between counts of different sheep within 
flocks were estimated by HUNTER and QUENOUILLE (1952) on 13 occasions. They 
found that those counts followed a negative binomial distribution with k (= 
index of dispersion) = 0.7. 

From the scheme given before, it may be seen that this k is partly a result 
from sampling error and not entirely from between-animal variation in resis­
tance to worms. According to WHITLOCK (1961) the parameter k cannot be 
expected to be a constant for enteric nematodes. This author observed that 
counts from sib-groups of sheep follow the POISSON rather than the negative 
binomial distribution. So k is at least partly determined by the consanguinity 
of animals. NORTHAM and ROCHA (1958), cited by WHITLOCK loc cit. demon­
strated a negative binomial distribution of worm counts in normal outbred 
chickens whereas a POISSON distribution was observed in inbred chickens. 

Very little information is available on variation between egg counts from 
different herds in the field. For instance egg-counts from cattle on a number of 
farms were performed by ROBERTS et al (1951), ANDERSON et al. (1965) and 
BURGER et al (1966). Either the number of observations per farm or the number 
of farms often appears to be rather limited, so that statistical analysis of the 
results is not given. Moreover, in the majority of cases, suspected problemfarms 
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were selected for study, so that a true picture of the distribution of counts from 
various herds might not have been obtained. 

1.4.2. Variations between larval counts on pasture 
Similar to the situation with faecal egg-counts, variations are partly due to 

technical error and to sampling error. Here however, no trouble arises when 
these two must be defined and distinguished from each other. 

Variations between counts within samples, are due to technical error. In 
many of the techniques reported, all the larvae that are washed from the grass, 
freed from the sediment and concentrated in a small volume, are counted. In 
such cases technical errors can only be estimated by determining the recovery-
rate after a known number of larvae has been added to the grass-sample. 
TAYLOR (1939) recommended this method on every sampling occasion, by 
adding 1000 larvae to half of one sample. Two difficulties are likely to arise in 
this procedure. A dose of exactly 1000 is not easily prepared: if taken as an 
aliquot sample from a large suspension it is subject to a standard deviation of 
\/1000. Secondly, an equal distribution of larvae between the two sample 
halves may not be assumed. On the other hand, the amount and nature of the 
pasture and sediment may vary considerably and thus influence the recovery-
rate, so that recovery determined in a limited number of samples may be very 
misleading. 

PARFITT (1955), STURROCK (1957), DURIE (1959) and DONALD (1967c) res­
pectively reported recoveries of 43%, 80%, 76% ± 10%, and 93,8%. Some of 
these figures refer to the recovery of larvae from a suspension, others to the 
whole process. The number of samples involved in these examinations, if men­
tioned, appear to be low, 20 samples being the largest number, reported by 
DURIE. STURROCK and DURIE counted the larvae in aliquot samples of 1 ml 
taken from 100 ml larval suspension. A PoissoN-like distribution between 
counts may be expected in such cases; this was not tested or at least not re­
ported by the authors. 

The recovery rate is not the only factor determining the reproducibility of a 
technique. The sensitivity must also be taken into consideration. According to 
DONALD (1967a) the technique of DURIE (1959), though it works well in rou­
tine-examinations, has a low sensitivity. This, however, depends on the number 
of aliquot samples counted. DONALD (loc cit.) had no reason to increase the 
sensitivity, because of the very large variations observed between pasture 
samples. 

Concerning the between-sample variation, CROFTON (1952) observed that the 
counts from a great number of small samples taken from an evenly grazed part 
of a sheep pasture fitted well to NEYMANS Contagious Distribution Type A 
(NEYMAN, 1939). The same author (CROFTON, 1954), showed however, that 
defaecations are not randomly distributed on a pasture and he concluded that 
the type of distribution mentioned would hold only for small areas of pasture. 
TALLIS and DONALD (1964) constructed theoretical models for the distribution 
of infective larvae on sheep pastures. In these models various components were 
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built, in, which are representative of such biological data as time, number of 
sheep, distribution of faeces, egg numbers per defaecation, developmental and 
mortality rate of the free living stages. No use of these models have been made 
till now, as far as we know. DONALD (1967b) reported observations on the 
frequency distribution of infective larvae in a large number of small samples 
from a sheep-pasture. He concluded that the distribution was highly overdis-
persed and could best be fitted, empirically, to the truncated log-normal dis­
tribution. It may be concluded that large variations exist between samples taken 
on the same occasion and therefore observations may be subjected to consider­
able sampling error. DONALD (1967C) stressed that the interpretation of larval 
counts from herbage samples should be very cautious if no estimate of error is 
made. This estimate is possible if duplicate samples on each occasion are col­
lected and examined separately. 

Variations between pasture samples if not attributable to sampling error can 
arise from two sources. Firstly during periods where a rise or fall in pasture 
infection (due to season, introduction or removal of animals or mowing) can be 
expected, the time of sampling may be a source of variation. This variation will 
be considered in another part of this chapter. 

Secondly, there may be, within a certain interval of time, large differences 
between pasture fields. As far as is known no purposeful study has been made 
on this sort of variation. 

1.4.3. Statistical treatment of results 
The use of non-parametric methods is often advocated if the distribution of 

the data cannot be defined exactly. See for example SIEGEL (1961). WHITLOCK 
(1961) had a personal preference for treating his data with these methods but he 
states that some information is sacrificed. BARTLETT (1947) put it this way: 'It 
has been suggested by various writers that even when measurements are avail­
able it may be safer to analyze by use of ranks. It might however be remembered 
that if we discard the original measurements apart from their order we are 
throwing away the original scale and all quantitative transformations of it, one 
of which may well be relevant for estimating quantitative treatment effects and 
measuring interactions; such wholesale jettisoning should be avoided if possible'. 

Probably therefore most of the workers in the field of parasitology have 
decided to use the 'classic' parametric methods. In order to make an analysis of 
variance it is necessary to transform counting data which usually are not 
normally distributed. 

WHITLOCK (1961), working with sib-groups of animals where the distribu­
tion is of the PoissoN-type, transformed the egg-counts according to the 
equation y = -y/0.2 x. in which y = the transformed value and x is the number 
of eggs per gram of faeces. HUNTER and QUENOUILLE (1952), observing a nega­
tive binomial distribution of egg counts from different sheep, transformed them 
according to the expression given by BEALL (1942): y = k* sinh - ,x}k~* and 
provided a table for easy transforming the counts, based on the assumption that 
if k cannot be estimated from the experimental results, it is save to take k = 
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0.7. The transformation y = lnx or y = log10x or if zero counts occur 
frequently: y = 1 n (x + 1) or y = log x 0 (x + 1) is used by DONALD et al. (1964), 
DINEEN et al (1965a, b, 1966a, b), DONALD (1967b) also used this transformation 
for larval counts on pasture. 

1.4.4. Some other factors, important for the interpretation of results 
BARTLETT (1947) gives an account of the conditions that should befullfilled 

before an analysis of variance is applied, and transformations suitable for the 
various distributions which can be met with in data from research work. 

Even if sufficient information has been collected on variation between egg 
counts in faeces and larval counts on pasture the interpretation of results may 
still be very difficult. 

Egg counts are often made for diagnostic purposes. Till now it is the only 
method which can be used on a fairly large scale in live animals without dis­
turbing the host-parasite relationships. Whereas larval intake and worm counts 
post mortem are reasonably well related to each other and to the clinical state 
and/or weight gain of animals (GOLDBERG and LUCKER, 1960; CIORDIA etal. 
1962a, b, 1964; HERLICH, 1962; ANDERSON et al., 1966; MICHEL, 1966; KEITH, 

1967), faecal egg counts do not always give a good picture. Certain e.p.g. values 
are suggested by several authors which would be indicative of clinical tricho-
strongylosis. TAYLOR (1939b) suggested 300-600 e.p.g. and LEVINE and AVES 
(1956) 300 e.p.g. of mixed strongyles to be the 'border-line of disease'. ROBERTS 

et al. (1951) gave estimates of these values for the separate genera or species, 
values varying from 10.000 e.p.g. of Cooperia spp. to 300 e.p.g. of Bunostomum 
phlebotomum. DORSMAN (1954) and PITRE (1967) discussing this material, sug­
gested that faecal egg-counts of much lower levels may be considered dangerous. 
As LEVINE and AVES (1956) stated, much depends on the recovery-rate of the 
technique used. 

Some authors on the other hand did not observe any relationship between-
egg-counts and weight gain or clinical signs (MAYHEW, 1949; KEITH, 1967). 
Others could not demonstrate a correlation between egg counts and larval 
intake (MICHEL, 1966) or worm counts P. M. (ANDERSON et al, 1966). 

Two different reasons evidently disturb the relationship between egg-counts 
and the performance of the animal. Firstly it is known that the various species 
differ greatly in egg-laying capacity. GORDON (1967) reviewed the information 
that has become available from sheep. DEWHIRST and HANSEN (1961) obtained 
evidence that comparable differences between genera occur in cattle. Therefore 
differentiations of eggs should always be made, unless the infection-type (i.e. 
the relative abundance of species or genera) is rather constant from one animal 
to another, from one herd to another, or from season to season. 

Secondly, due to the build-up of resistance by animals, the association be­
tween egg-counts in faeces and numbers of worms can be disturbed, even within 
species. The ratio between immature worms and adults for instance is subject to 
much variation especially in O. ostertagi (ANDERSON et al., 1965, Ross, 1965) 
but also in other species (DONALD et al., 1964; SOULSBY, 1965). Furthermore, the 
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ratio between male and female adults may be influenced by the host-response 
(DONALD et al., 1964). Finally, the egg production per female worm may be 
directly suppressed (DONALD etal., 1964; MICHEL, 1967a). ROBERTS (1957b) found 
that egg counts are usually an accurate index of infestation, but when resistance 
occurs the egg counts are of little value for this purpose. A further indication 
that resistance plays an important role are the findings of HERLICH and MER-

KAL (1963) who observed an inverse relationship between the level of circulating 
antibodies and the faecal egg counts of calves infected with T. axei. MICHEL 

(1967a) stated that only two situations in which the egg output differs greatly 
from the expected pattern, allow us to draw conclusions about the worm bur­
den: very low counts in the second month after exposure indicate few worms; 
persisting high counts in calves exposed for several months are indicative of 
severe helminthiasis. 

Apart from their value for diagnostic work, faecal egg counts may however 
answer many epidemiological questions e.g. the infectiousness of a pasture. 
MICHEL (1967a) suggested that within wide limits the contamination of a pasture 
will not be influenced by the worm-burdens of the calves which graze this pasture. 
This may be true in cases of paddocks which are continuously grazed by heavily 
infected animals. 

With regard to the interpretation of larval counts on pasture some remarks 
can be made. Firstly these counts may be expressed either as larvae per unit of 
area or as larvae per unit of weight of grass. Expression as larvae per unit of 
weight is preferred by most authors. This can be best related to larval intake 
because the daily intake of grass is also a matter of weight and not of area 
grazed. The number of larvae per unit of weight, unfortunately, is subjected to 
variations due to growth of grass, the so-called 'dilution-effect' (TAYLOR, 1939). 
ROSE (1964) showed the vertical distribution of larvae, to depend partly on the 
height of the grass, the larvae being relatively better available in tall pasture. 
This factor might partly counterbalance the 'dilution-effect' 

The availability of larvae depends on a complex of several factors. Firstly the 
vertical and lateral movements of the larvae are important. In addition, the 
grazing behaviour of the animals may profoundly influence the intake of larvae. 
For example, the avoidance by cattle of the contaminated herbage surrounding 
faecal pats (ROBERTS, O'SULLIVAN and RIEK (1951) may be influenced by graz-
ing-intensity. 

1.5. THE EPIDEMIOLOGY OF TRICHOSTRONGYLOSIS OF CALVES 

1.5.1. The course of egg-output 
Generally, soon after an experimental infection has become patent the egg-

output rises to a peak, followed by a more or less gradual decrease to low levels. 
(MAYHEW 1941, 1948, 1949; ROBERTS, 1957a, 1962; MAYHEW e tal. , 1960; 
MICHEL, 1966; RITCHIE et al., 1966). The pattern seen in natural infections 
usually conforms with this course. (ROBERTS et al., 1952; RIEK et al., 1953; 
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ROBERTS, 1957a, b ; PETERSON, 1957; BURGER et ah, 1966). The fall of egg counts 
is regarded as a phenomenon of resistance in the calves. The rise to the peak 
may be rapid or more gradual. This may be caused by a different reaction of 
various species. On the other hand it must be born in mind that in most of the 
studies cited, rather severe infections were involved. In the field the initial larval 
intake may be insufficient to evoke a host-reponse. 

That the ideal curve is not always observed has been shown by ROBERTS 

(1957b) who studied natural H. contortus infections of calves. The departure of 
the curves could partly be ascribed to seasonal variation in larval uptake, but 
individual resistance of calves was also assumed to be very important. 

MICHEL (1969c) concluded that the O. ostertagi egg-output of naturally in­
fected Ayrshire calves followed the same stereotyped pattern as in calves that 
were experimentally infected either by a single dose or by continuous daily 
doses. A peak was reached about 50 days after first exposure and followed by a 
logarithmic decrease. This course appeared to be independent of worm burdens 
and this had two important consequences. Firstly, the formerly held theory that 
parasite populations show an exponential increase, is not applicable to Oster-
tagiosis of calves. Secondly, low egg-counts in late summer or autumn may oc­
cur in animals harbouring a harmful worm burden. 

However, in field observations MICHEL et ah (1970) found more pluriform 
egg-output curves, which were considered to conform to one of three typical 
patterns. One of these shows the expected early peak followed by the logarith­
mic decrease. The second type of curve, which is associated with rather low 
residual infections, shows its peak somewhat later. The peak is lower than in the 
first type of curve, but the high level is maintained for some time. The third pat­
tern is associated with very low residual herbage infestations in spring, and a peak 
in egg-output is not reached until autumn. Therefore, the uniform eggcount 
curves found by MICHEL (1969b,c) inexperimental work may not be entirely repre­
sentative for field conditions. The levels of infection, the breed of the experimen­
tal calves and the parasite species used, may be responsible for this discrepance. 

1.5.2. The ecology of free living stages 
Knowledge of the translation-process (defined by ROSE, (1960) as the process 

whereby eggs in faeces become infective larvae on herbage, available for the 
host) is extremely important for the understanding of the epidemiology of 
trichostrongylosis. 

Three major components of this process can be distinguished: development, 
migration and survival. 

For development sufficiently high temperatures are required. The reader is 
referred to the laboratory experiments of CIORDIA and BIZZELL (1963) and of 
ROSE (1961, 1963a, b, 1966) who worked with O. ostertagi, C. oncophora, 
C. punctata, N. helvetianus, H. contortus, T. axei and T. colubriformis. The latter 
author verified the results from laboratory experiments also in the field, with 
infected faeces placed on grass-plots. These observations were in good agree­
ment with the results at the laboratory. 
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Optimum development was observed at approximately 25 °C. At that tem­
perature the majority of larvae reaches the infective stage in 7-9 days, except 
N. helvetianus. No development of this species is seen beyond the gastrula-stage 
at 10-11°C (ROSE, 1966). Other species fail to develop further if temperatures 
are below 6°C (CIORDIA and BIZZELL, 1963). These authors found also that at 
high temperatures (> 32 °C) mortality of pre-infective stages is high. 

Besides suitable temperatures, the faeces must stay sufficiently moistened. 
ROSE (loc. cit.) noted that generally calf-faeces do so, forming a crust in hot and 
dry weather, which prevents the larvae from migrating out of the faeces, but 
keeps the inner part moist until development to the infective stage is completed. 

Aeration is another requirement for optimal development. WALLACE (1960) 
called attention for the fact that there is a lack of direct measurements on 0 2 -
tension. KUTZER (1967) stated that variation in aeration of faecal pats may be 
caused by earth-worms, beetles and other organisms. ROSE (1963a) recorded 7 
to 13 months for the complete desintegration of artificial pats from calf-faeces. 
This might also be an important factor for aeration. 

Migration of larvae is a further step in the process of translation. Many 
studies have been made on the migration. Presence of thin water-films seems to 
be necessary. Rainfall or artificial spraying has been shown to enhance the 
migration of larvae out of the faeces to the grass (ROSE, 1964, 1966; DURIE, 
1961; ROBERTS et al., 1952; KUTZER, 1967), but heavy rainfall may be the cause 
that larvae on the herbage cannot readily be demonstrated (SPINDLER, 1936). 
About the horizontal distribution of larvae in the grass, which is extremely 
important for the availability of larvae to the host, it is clear from the literature 
that larvae can migrate horizontally for appreciable distances (TARSHIS, 1958; 
DURIE, 1961) but most of the larvae remain in the immediate surroundings of 
the faeces (ROSE, 1961,1963a, b; DURIE, 1961). 

Vertical migration which is also important for the availability of larvae to 
cattle has been studied by many authors. WALLACE (1960) reviewed the litera­
ture on this point and he concluded that it was not entirely clear whether 
vertical movements are random, or the result of specific responses like negative 
geotropism or positive fototropism. 

Besides active migration passive migration may occur for instance by the 
legs of grazing animals, by birds or by insects. KUTZER (1967) stated that the 
slope of a field can cause such passive migration. Also the dissemination of 
larvae over long distances ( < 2 m) by sporangiae of Pilobolus spp. fungi 
(BIZZELL and CIORDIA, 1965; ROBINSON, 1962) may be important. 

The survival of larvae, finally, is an important factor in the epidemiology. 
The infective larvae are far better resistent to freezing and dessication than 
pre-infective stages (ROSE, 1961, 1963a, b, 1966). H. con tortus survived at 
—6 to —4°C only for 12 days but O. ostertagi, C. oncophora and N. helvetianus 
did so for 14, 25 en 32 weeks respectively. At 6-7°C survival for these 4 species 
was 87 weeks, 134 weeks, > 24 months and > 20 months respectively, and at 
24-25 °C 35 weeks, 29 weeks, 13 months and 5 months. Probably survival is 
influenced indirectly by temperature, by way of the activity of the larvae and 
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