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STELLINGEN

De meeste economische verliezen vercorzaakt door nematoden infecties
bij rundvee treden niet op in de leeftijdscategorie waarvoor vanuit de
veterinaire parasitclogie de meeste aandacht bestaat.

Dit preoefschrift

Maagdarm- en longworminfecties zijn, na de factor voeding, de
belangrijkste ocrzaak voor de prote variatie in de grcei van jongvee
tijdens de opfok tot melkgevende vaars.

Dit proefschrift

Niet op alle bedrijven is het ontwormen van melkkoeien op economische
gronden gerechtvaardigd.
Dit proefschrift

De behoefte aan een vaccin tegen maagdarmwormen wordt ondersteund door
de positieve relatie tussen de in het eerste weideseizoen gemeten anti-
lichaam titer tegen Ostertagia spp. en het voor leeftijd gecorrigeerde
lichaamsgewicht na het tweede weideseizoen.

Dit proefschrift

De waarde van sero-epidemiologisch onderzoek wordt door veel veterinair
parasitologen onderschat.

De invloed van maagdarm- en longworminfecties op de productiviteit van
vee wordt door veel zootechnici onderschat.

Het advies om naast inscharen op nieuw ingezaaid weiland kalveren cok
te voorzien van een bolus tegen maagdarmworminfecties is economisch
ongezond.
Speciale uitgave van ‘Veeteelt’, "Management; sleutel vcor een
gezond melkveehouderijbedrijf”, door J.Noordhuizen, Oct.1988,
p.23

Wijzigingen in het landbouwbeleid van de rijke landen als bijdrage om
het wereldvoedselprobleem te helpen oplossen, zijn veeleer probleem—
verschuivend dan probleem—oplossend van karakter.
H.J.J.Stolwijk, 1988, Het westerse landbouwbeleid lost wereld-
voedselprobleem niet cp. Landbouwk.Tijdschr., 100: 21-24,

Opstallen van kalveren is, als ingrijpende verandering van het leef-
milijeu, de belangrijkste aanleiding tot het uitbreken van een BRSV-
infectie (pinkengriep).
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De niet-uniforme benadering van de Atrofische Rhinitis problematiek
bij het varken door de regionale gezondheidsdiensten heeft grote
consequenties voor de betrokken varkenshouders in die regio’s.

De eisen die worden gesteld aan stellingen, die géén betrekking mogen
hebben op het onderwerp van het proefschrift én wetenschappelijk
verdedigbaar moeten zijn, zijn alleen gerechtvaardigd wanneer in het
voorstel voor een promctie-onderzoek voldoende tijd is ingeruimd voor
het maken van zulke stellingen.

Voor de stam muizern, waarin van het rund afkomstige genen ingebracht
zijn, zou de naam DN-ABUIS niet misstaan.

H.W.Ploeger.
Effect of nematode infections on productivity of young and adult cattle
on commercial dairy farms.

8 maart 1989,
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I. GENERAL INTRODUCTION

Nematode parasitism occurs in animals of all age classes, irrespective
of practised management, on almost every farm in the Netherlands
(Kloosterman, 1971; Borgsteede, 1977; Boon et al., 19284, 1986). The
important genera are Ostertagia spp., Cooperia spp., Dictyocaulus
viviparus, Nematodirus spp. and Trichostrongylus spp. Relative fwmportance
of the different genera differs with host age, mainly because of acquired
immunity. Against Nematodirus spp. a strong host resistance develops within
one grazing season (Kloosterman, 1971; Borgsteede, 1977). Therefore this
genus is rarely found in animals of more than ome year old, provided these
animals had access to contaminated pasture during that first year. The
same, but to a lesser extent, applies for Cooperia spp. and especilally
Dictyocaulus viviparus (Jarrett et al., 1957; Smith and Archibald, 1968;
Borgsteede, 1977; Pott et al., 1978). Ostertagia spp. and Trichostronpylus
spp. are generally the dominant genera found in adult cattle (Hong et al.,
1981; Bairden and Armour, 1981; Borgsteede and v.d.Burg, 1982; Vercruysse
et al., 1986). Occasionally other nematodes are found, but these are
regarded to be economically less important.

On commercial dairy farms cattle can be divided into roughly three age
categories; first—-season grazing calves, second-season grazing yearlings
and adult cows. Therefore the interest in nematode parasitism In relation
to production will be briefly reviewed separately for these age-groups.

First—season grazing calves

Calves, entering their first grazing season, form the age class that is
most susceptible to nematode infections. Clinical parasitism is rarely
seen in older cattle. Obvious signs of disease are inappetence, dull hair
coat, diarrhoea, weight gain depressions and in case of lungworm
infections also coughing and increased respiratory rates (Jarrett et al.,
1957; Anderson et al., 1965; Jansen et al., 1977; Armour and Ogbourne,
1982). For this reason most work on nematode infections refers to calves.
Numercus authors reported about epidemiological, immunological, (patho-)
physiological and productivity aspects with respect to nematode infections
in calves. Many authors reviewed the existing knowledge (a.o. Armour and
Ogbourne, 1982; Jorgensen and Ogbourne, 1985). The body of this knowledge
became available through trials using experimental infec:ions or
controlled grazing experiments. Although results of this work revealed
much about the effects of parasitism on the host, this information is not
necessarily applicable to natural field situations encountered on
commercial dairy farms. One of the main reasons for this is the
(necessarily) restricted number of variables investigated in controlled
experiments and the use of extreme situations, i.e. comparing heavily
infected to non-infected calves. Nevertheless, based on results from such
controlled experiments many authors propesed control strategies to prevent
production losses due to nematodiasis in calves. One of the most well-
known strategies was developed in Weybridge in England, the so-called
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'dose and move' system {(Michel, 1969). Another was the developmeut of a
lungworm vaccine by Glasgow workers in the late fifties. Other strategies
involve anthelmintic treatments given once by means of a slow release or
pulse release device, continuously at low levels in feed or drinking water
or given at timed intervals based on knowledge of epldemiological patterns
of infection (a.c. Downey et al., 1974; Jones, 198l; Taylor et al., 1985;
Downey and G'Shea, 1985; Vercruysse et al., 1987; Jorgensen et al 1987;
Armour et al., 1987). Very recently Herd (1988) reviewed the control
strategies based on anthelmintiec treatments. Farm management measures are
also mentioned as providing a means to control nematode infections. Among
these are date of turnout, grazing on aftermath, stocking rate, and
supplementary feeding (Oostendorp and Harmsen, 1968; Borgsteede, 1977;
Nansen et al., 1978; Jacobs and Fox, 1985; Nansen et al., 1987; Eysker et
al., 1988) Although all of these control measures have been shown to work
sufficiently well in controlled grazing experiments, it rewmains deubtful
to what extent these measures help controlling nematode parasitism on
commercial farms (Michel et al., 1981; Jorgensen, 1983). Knowledge about
frequency distributions of levels of infection encountered on commercial
dairy farms and to what extent these levels of infection can be related to
observed and wmeasurable production losses should be taken into account
when control strategies are evaluated. Also, such information should be
related to practised management. These data can then be used for econcmic
evaluations, both nation-wide and on farm level, providing a rational (and
practical) basis for control strategies including the use of anthelmintics
{(Morris and Meek, 1980}.

Second-season grazing yearlings

Compared to the effects of nematode infections in calves, the effects
in older age groups, such as second-season grazing yearlings, have
received little attention. This is surprising, because it has been shown
that various production characteristics, such as wilk production and
reproductive performance, may depend on growth pattern and final body
weights reached by yearlings (v.Adrichem and Shaw, 1977b; Sejrsen, 1978;
Amir et al., 1978; Boxem, 1981; Prosl et al., 1983; Block et al., 1985;
Holste et al., 1986; O'Kelly et al., 1988) Table 1 shows that substantial
returns in growth performance during a second grazing season can be found
after treatment of yearlings. In a few of the studies summarized, weight
gain advantages in treated yearlings were, compared to controls, as large
as often found in calves. A few authors described the epidemiological
pattern of nematode infections in second-season grazing yearlings (Armour
et al., 1979; Holtenius et al., 1983; Entrocasso et al., 1986c).

Several aspects need to be considered when studies are dome with second-
year cattle. Firstly, exposure to infection in the first year as calf
appears to be important, both 1in terms of parasitology as in terms of
growth performance. The former is demonstrated by, for example, lower worm
burdens, lower egg output and stunted worms. The latter is demonstrated by
higher growth rates observed im yearlings with previcus experience
compared to helminth naive yearlings (Smith and Archibald, 1968;
Borgsteede et al., 1985). Unfortunately, several authors did not mention
whether their animals had experienced nematode infections and if so, to

10
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what extent. Secondly, exposure to nematode infection during the second
year may depress growth performance of yearlings despite of previous
experience and thus a certain level of acquired immunity (Borgsteede et
al., 1985). Thirdly, some authors concluded that nematode infections
picked up during the first year can cause long lasting physiological
damage resulting in depressed growth rates when circumstances are
suboptimal even when at that time exposure to infections is negligible
(v-Adrichem and Shaw, 1977a; Entrocasso et al., 1986b). And fourthly, the
immunological consequences of picking up infective larvae by immune
animals (hypersensitivity reactions) are supposed te be capable of
reducing productivity of such animals. Besides growth performance other
traits can be studied, such as carcass evaluations or length of fattening
periods needed to reach desired slaughter weights (Entrocasse et al.,
1986b; Garriz et al., 1987; Taylor, 1987). o

Adult dairy cows

This group is the most important one if it comes to direct monetary
incomes for the farmer. Quite a few workers have attempted to elucidate
the impact of nematode parasitism on milk production. The body of this
work started in the early seventies with reports from Todd, Bliss and
coworkers (see Table 2). Since then, numerous authors published results
concerning this subject. In Table 2 a summary of results of the majority
of trials reported in the literature is given. This summary is restricted
to anthelmintic treatment trials which included untreated control groups
in each herd investigated, and to trials using experimental infections.

TABLE 1: Summary of results of trials studying the effect of anthelminrfe treacaent(a)l- or experimental
infection{s) on milk production in dairy ecatcle.

STUDIES USING ANTHELMINTIC TREATMENT(S):

ANTHELMINTIC TOTAL NUMBER OF STAGE OF OVERALL RESFPONSEZ:: REFERENCE
USED: HERDS: COWS: LACTATION (treated ve. (couniyy):
WHEN TREATED: controls}
coppersulfate 14 1028 av. 130 days in +0.99 kg/day LLED Todd et al., 1972

phenothiazine
thiabendazole

lactation

{within 8 days)

Wisconsin, U.S5.4A.

coumiphos 22 1003 av. 135 days tn +32.7 kg ** Bliss & Todd, 1973
lactation {over 60 days) Wigconsin, U.5.A.
thiabendazole 12 488 at calving +192.0 kg + Bliss & Todd, 1974
{over 305 days) Wisconsin, U.S5.A.
coumaphos 1 a6 varying stages +1.7 kg/day Brown & Maniscalce, 1974
{directly after Texas, U.5.4A.
treatment)
coumaphos 1 12 varying stages .. no locrease .. Beatty et al., 1975

veavArious. .

(21 trials)

...varlous...

{over 56 days)

3 of 21 trials
shewed signlficant
responses

Hiasissippi, U.S.A.

New Zealand Soclety of

Animal Production,
New Zealand




ANTHELHIRTIC
USED:

thiabendazole (T)
coumaphes (C)

thiabendazole (T)
coumaphos (C)

tetramisole
levamisole

thiabendazole

coumaphos

fenbendazole

fenberdazele

fenbendazole
thiabendazole

thiabendazole

morantel tartrate

albendazole

fenbendazole
thiabendazole

thiabendazele

fenbendazole

morantel tartrate
{MSRB-bolus)

levamisole

caumaphos

thiabendazole

thiabendazole
fenbendazole
levamisole

morantel tartrate

Table 2 continued:

TOTAL NUMBER OF STAGE OF
HERDS: COWS: LACTATION
WHEN TREATED:
9 267 at calving (T)
and 60-90 days
later {C)
. 400 ca. 4 weeks prior
{2 trials) to calving (T) or
at calving (C)
1 260 varying stages and
(2 trials) varying multiple
treatment-schemes
12 1990 at calving
14 332 at calving and
weekly first %0
days
10 335 only when <150
days in lactation
9 268 in the dry peried
3 Lo varying stages
2 518 at calving
13 217 at calving
1 340 varying withia 90
days after calving
1 125 1 week prior, or
till 1 week after
or 3 months after
calving
1 %6 at calving
8 442 at calving and
monthly during
whole lactatien
1 210 within one month
after turneut -
varying stages
160 at calving and 8
(2 trials) weeks later
1 546 1 to 5 weeks post
paztum
2 247 at calving
(4 trials in 2 years)
120 9166 at calving
1 32 av. 66 days in

lactation

OVERALL RESPONSEZ::
(treated vs.
controls)

+242.4 kg *
{over 305 days}

-283 kg NS (T)
+0.07 kg/day NS (C)
(over 305 days er
60 days respect.)

ca. +200 kg *
{over trial)

+399 kg
(ovexr 305 days)

+34%.1 kg (Penn.)
+488.1 kg (N.Car.)
{over 305 days)

+0.25 kg/day WS
(over 42 days)

+173 kg
{full lactation of
270-305 days)

+1.31 kg/day
{over 84 days)

~80.8 kg marure cows
+113.9 kg heifers
{over 305 days)

+255 kg NS
(over 305 days)

+0.60 kg/day **
{over 90 days)

+341.0 kg
{over 305 days)

-126 kg NS
(over 305 days)

+30.9 kg NS
(over 300 days)

+376 kg *
(over 305 days)

-110 kg NS
+965 kg *
(over 305 days}

++ no significaat
increase ..
{over 305 days)

+204 kg *
(over 305 days)

+42 kg *
{over 305 days)

+1.48 kg/day =*
{over 28 days)

REFERENCE
(country):

Bliss & Todd, 1976
Vermont, U.S5.A.

Harris & Wilcox, 1976
Florida, U-S.A.

McQueen et al., 1977
New Zealand

Pouplard, 1978
Belgium

Todd et al., 1973
Pennsylvania &
N.~Carolina, Y.5.A.

Barger, 197¢%
Australia

MeBeath er al., 1979

England

Hamann & Heeschen, 1980

Germany

ElsIinghorst et al., 1981
The Netherlands

Frechette & Lamothe, 1981

Quebec, Canada

Grisi & Lima, 1981
Brazil

Grzywinski & Stadniclki, 1981
Poland

Thomas & Rowlinson, 1981
England

Barger & Lisle, 1982

Australia

Bliss et al., 1982
England

Fisher & HacNeill, 1982
British Columbia, Canada

Gienn et al., 1982
California, U.5.A.

Kloosterman & Albers, 1982
The Netherlands

Michel et al., 1982
Great Britain

Signerini & Glrardells, 1982
Italy




ANTHELMINTLC
USED:

fenbendazole

levamisole

albendazole

thiabendazole

thiahendazole

levamisole

coumaphes (C)

thiabendazole (T)

coumaphos

febantel

exfendazole

levamisole

Table 2 continued:

TOTAL NUMBER OF

HERDS: COWS:
1 116
9 1278

{2 years)
20 34]
6 793
1 54
3 172
3 685
1 28
7 807
47 5556
88 1296

STAGE OF
LACTATION
WHEN TREATED:

within 2 weeks
afrer calving

at calving

at calving

at calving

varying stages

varying stages

av. 30 days In
lactation (C), or
within 2 weeks
before calving (T)

av. 40 days 1in
lactation and 30
days later and when
EPG increased

at calving

twice in the
dry perfied

within 1 week
pricr te calving

OVERALL RESPONSEZ-:
{tzeated ve.
controls}

+1564 kg *
(over 140 days)

positive respocse
NS

+1.1 kg/day *?
{over ... days)

-104 kg NS (cows)
+252 kg M8 (heifers)
{over 305 days)

+0.8 kg/day NS
{over 38 days)

transient respcnse
{over 90 days)

+138 kg NS (C)
-34 kg NS (T)
(full lactzticn)

+0.75
{Futl

kg/day NS
lactation)

+97.6 kg *

(full lacratien)
+51.5 **

(full lactatlon of
at av. 251 days)
+235.3 kg *
{over & months)

REFERENCE
(country):

Mathews et al., 1983

Australia

Fox & Jacebs, 1984
England

Gouffe et al., 1934
France

Fetrow et al., 1985
Pennsylvania, U.S5.4A.

Fox et al., 1985

England

Prokopic et al., 1985
Czechoslovakia

Miller et al., 1986
California, U.5.A.

Takagi & Block, 1985
Quebec, Canada

0'Farrell et al., 1986
Ireland

Pisset et al., 1987
Rew Zealand

Block et al., 1987
Quebec, Canada

STUDIES USING EXPERIMENTAL IKFECTIONS:

INFECTION USED:

single infection wi

TOTAL
NUHMBER
OF COWS:

th 48

200,000 L3 of gastro-
intestinal nemataodes
(Hagmonchus, Ostertapia,

Cooperia, Trichostrongylus,

Nematodirus)

trickle infection with

5,000 L3 mixture of

1z

{ooperia ard Ostertagia

3 times/week for 9 weeks

single infection with

225,000 L3 Cooperla

48
(heifers)

and 25,000 L3 Ostertagia

single infection with

66

200,000 L3 Ostertagia

STAGE OF
LACTATION WHEN
INFECTED:

vatying stages

first infection
3 weeks after
calving

at calving

at calving

OVERALL EFFECT OF
INFECTION:

-1.22 kg/day
(over 30 Jdays)

-2.16 kg/day +
(over 9 week peried
of infection)

no effect
{full lactation)

no effect
{full lactation)

REFERENCE
(country)}:

Bliss & Todd, 1977
Wisconsin, U.5.A.

Barger & Gibbs, 1981
Maine, U.5.A.

Kleogterman & Albers,
The Netherlands

Kloosterman et al., 1985
The Netherlands

: Only trials summarized which included a not treated group in each herd.
Between brackets the time-span is glven over which the respense was measured.
3. : Levels of significance are: NS - not significant; + - P ( 0.10; * - p < 0.05; #% - P { 0.01. Otherwlse

level of significance was not stated In the original reference.




Table 2 shows that in the vast majority of summarized trials positive milk
yield responses to anthelmintic treatment were found, irrespective of
statistical significance. Despite this, a strong controversy exists among
scientists whether adult dairy cows should be treated or not. Some aspects
related to this controversy can be considered:

Anthelmintic treatment is only necessary if an infection with nematodes
is present and 1if the infection limits (economical) production. Several
authors showed that gastrointestinal nematode infections are widespread
among adult cows (Yazwinski and Gibbs, 1975; Randall and Gibhs, 1977;
Grisi and Todd, 1978; Borgsteede and v.d.Burg, 1982; Vercruysse et al.,
1986). Although nematode parasitism iz present in virtually every herd, it
is very common to find enormous variations in milk yield response to
treatment between herds, ranging from negative responses to more than +1000
kg. per lactation per herd (Todd et al., 1978; McBeath et al., 1979;
Frechette and Lamothe, 1981, Barger and Lisle, 1982; Michel et al., 1982).
Some authors pointed towards a lack of knowledge about a possible
relationship between level of infection and treatment response. For
instance Glenn et al. (1982) did not find an effect of anthelmintic
treatment on milk production in one herd of dry-lot cattle in California.
Faecal samples of a maximum of 13% of the cows in that herd contained
nematode eggs, examined by means of a sugar flotation technique. Average
EPG never exceeded a value of (.22 . They concluded that there was "... a
need for critical examination of parasite infection on a herd by herd
basis”. Herd (1982) stated in a review that "... there is a need to
formulate control programmes in which the application of treatment is
related to the immune status of the cattle and to expected levels of
paraslitism in the environment™. Similar remarks were made by Baker (1979),
Thomas et al. (1984) and Fetrow et al. (1985). Thusfar only Frechette and
Lamothe (1981}, Michel et al. (1982) and 0'Farrell et al. (1986) tried to
demonstrate a relatlonship between egg output (the first two} or pepsinocgen
values (the latter) and milk yield response to anthelmintic treatment, and
failed to do so. A reason for this failure may be that these infection
parameters are not sensitive enough to estimate levels of infection in
adult cattle. Particularly egg output is found to be of minor value for
that purpose (Michel, 1968; Borgsteede, 1982).

Another aspect is timing of anthelmintic treatment in relation to stage
of lactation and in relation to seasonal occurrence of infections. Most
authors believe that a greater economical benefit of anthelmintic
treatment 1s obtained by treating early in lactation, mainly because of
the phenomenon of a peri-parturient relaxation of immunity and
consequently a post-parturient rise in egg output. However, seasonal
patterns in occurrence of infections do not have to coincide with an
optimal treatment time in lactation. Alsc, many authors suppose that
effect of treatment is larger in heifers than in mature cows, possibly
because of a lower acquired immunity in the younger heifers.

Method of calculating and analysing effect of treatment, including
allocation of animals to treatment groups, is another important factor.
Milk production is a highly variable trait and dependent on such factors as
nutrition, breed, age, season of calving and heritage. Michel and
Mulholiand (1981), Thomas and Rowlinson (1981} and Fox and Jacobs (1984)
discussed some of these matters in relation to designing trials and effects
of different methods of calculating.
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Furthermore anthelmintic drugs may have effects not related to a removal
of worm burdens, for instance on host physiology and metabolism. Fox et al.
(1985) reported a positive effect of thiabendazole on thyroid function in
cows, while it is known that thyroid function is important in enhancing
lactation. Another example is levamisole, which is known to possess
immunomodulatory properties and therefore has been investigated as a
possible drug for use in the control of bovine mastitis (Anderson, 1984).
On the other hand, the positive responses summarized in Tahle 2 were
obtained with many different anthelmintic drugs.

Yet another and highly disregarded aspect is the quality of management
and the level of production on a farm. Bliss and Todd (1973) found the
higher treatment responses in the 'better managed' herds, without giving
detailed information for such a qualificatiom.

Finally, to circumvent some of the above mentioned aspects as well as
the indirect way of measurement when clinical trials are performed, a few
authors have attempted to prove a praduction limiting effect of nematcde
parasitism using experimental infections (see Table 2). Bliss and Todd
(1977) as well as Barger and Gibbs (1981) found substantial milk
production losses in experimentally infected cows compared to not infected
cows. In the Netherlands no such effects were found in two studies
(Kloosterman and Albers, 1982; Kloosterman et al., 1985). There 1is no
straightforward explanation, but these different results may be due to
larval strain differences in pathogenicity, to type of infection or to
differences in previous experience with nematode infections.

Despite these considerations many authors reported that the commercial
industry gave blanket recommendations to treat adult dairy cattle. In
England Michel et al. (1981} fouad an jncrease in the use of anthelmintic
drugs since the first reports of Todd, Bliss and coworkers appeared. In
connection with the common finding that such treatments can result in
highly wvariable milk production increases between herds, it should be
attempted to investigate possible relationships between level of
infections found on commercial dairy farms and treatment responses in
order to raticnalize this use of anthelmintic drugs.

In the following chapters the results of a survey on {initially) 100
commercial dairy farms in the Netherlands are described. This survey was
carried out in the years 1985/86 and 1986/87 and it was partly cross-—
sectional, partly longitudinal and included some clinical trials. The main
purpose was to estimate the impact of nematode parasitism on performance of
first-season and second-season grazing calves and yearlings as well as on
milk production in adult cows on commercial farms, and to investigate in
particular the relationship between the level of parasitism and some
production parameters with herd as the experimental unit, a relatioanship
which can form a basis for a more raticmal approach to control nematode
infections in the field. In both years the same farms were approached for
participation, not only for practical reasons but alse to Investigate
whether the same levels of nematode infection continue within farms over
subsequent years. The Department of Animal Husbandry of the Agricultural
University Wageningen, the Department of Herd Health and Ambulatory Clinic
of the Veterinmary Faculty Utrecht, the Department of TInfecticus Diseases
and Immunology of the same Faculty and the Department cof Parasitology of
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the Central Veterinary Institute Lelystad participated in this survey.

In chapters 1I, III, IV and V results regarding the effect of nematocde
parasitism on growth performance of first-season grazing calves are
presented. Chapters II and IV present results with respect to the grazing
seasons of 1985 and 1986, respectively. Chapters III and V deal with the
growth performance of calves during winter housing after the first grazing
season in relation to experienced nematode infections, and included each
year a clinical trial in which half of each herd on a number of farms was
treated with an anthelmintic drug to assess indirectly the impact of
nematode parasitism. Chapters VI and VII give results concerning second-
grazing season yearlings. Chapter VI is focussed on the relationship
between level of exposure to nematode infections and growth performance up
to the end of the second year, and includes the years 1985 (when yearlings
were for the first time at pasture as calf) and 1986. Chapter VII deals
with the growth performance of yearlings/heifers during winter housing
after the second grazing season. This study included als¢ a clinical trial
in which half of each herd investigated was treated after housing. Since
many yeatlings calved during winter housing it was decided, to collect milk
production data from these animals iIn the autumn of 1987, to see whether
anthelmintic treatment resulted in increased milk production during the
first lactation and to investigate possible relations with the level of
exposure these animals experienced during the previous grazing seasons. The
chapters VILII and IX give results of two trials with adult cows, in which
on each of a number of farms dry cows were treated with an anthelmintic
drug or left untreated as countrols during the housing periods of 1985/86
and 1986/87, respectively. Main purpose of these two trials was to see
whether a relationship existed between the effect of treatment on milk
production and the level of exposure to nematode infection during the
grazing season.
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ABSTRACT

Liveweight of calves on 89 dairy farms was measured at the end of the
grazing season and related per herd to the level of exposure to nematpde
infection during the grazing season. There were significant between herd
variations in antibody titres against Ostertagia spp., Cooperia spp. and
Dictyocaulus viviparus as well as 1in pepsinogen values. All but 6 herds
{93.17%) had gastrointestinal nematoede infectioms, as measured by faecal egg
counts in September. Faecal samples of 17 herds (19.3%) contained lungworm
larvae in September. Liveweight of calves per herd deviated from -68.1 kg.
to +84.1 kg. from the for age adjusted population mean after their first
grazing season. Growth performance up to the time of liveweight
measurements was significantly correlated negatively with several
serclogical and parasitological parameters. Data could be fitted by means
of both linear and segmeunted curvilinear regression. Antibody titre
against Cooperia spp. and gastrointestinal nematode egg output measured in
September accounted for 3.1% (P < 0.10) and 6.7%Z (P < 0.05), respectively,
of the variation in growth performance between herds. Certaln Infection
parameters, when combined, accounted for 9.2% of this variation; these were
antibody titre against Coopetia spp. and larval counts for both
gastrointestinal nematodes and lungworm. Adding certain management factors
to these infection parameters resulted in a model explaining 27.6% of the
observed variation in growth performance between herds. These factors were
supplementary feeding, lungworm vaccination, anthelmintic treatment at
housing, date of housing and herd age.

INTRODUCTION

It is well established that nematode infections may cause weight gain
depressions accumulating to as much as 50 kg. per animal at the end of the
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grazing season, compared to calves which are either not infected, treated
frequently or otherwise kept at low levels of infection (Henriksen et al.,
1976; Entrocasso et al., 1986; Gallinan and Riffkin, 1987; Taylor:41§§7;
Nansen et al., I§8§j. These weight gain depressions result from a
voluntary reduction in feed intake as well as from effects of nematodes on
metabolism and digestibility (Steel, 1978; Holmes, 1986; Kroonen et al.,
1986; Kloosterman and Henken, 1987). Verstegen (1987) reported 6-7%
increased maintenance requirements in parasitized animals. These results
originate mainly from trials using experimental infections or from
controlled grazing experiments. Often extreme sltuations with high levels
of infection were used. Such extreme situations, accompanied by distinct
clinical outhreaks, are fairly rare in practice. Besides, the available
knowledge on integrated contrel measures has, until now, not widely been
put into practice on commercial dairy farms (Michel et al., 1981;
Jorgensen, 1983). Therefore, experimental findings are not readily
applicable in normal daily practice on farms. Alse, nation-wide
evaluations of the economic impact of nematode infections, based on
experimental studies alone, may be biased. Large surveys involving many
farms were conducted in the Netherlands ({Oostendorp and Harmsen, 1968;
Kloosterman, 1971; Borgsteede, 1977). These studies, however, relied
heavily on observations on egg output. Kloosterman (1971} could not
demonstrate a relation between egg output and growth rate of calf-herds.
With the development of serological techniques (Keus et al., 1981; Boon et
al., 1982), large cross-sectional surveys became more feasible and
attractive {Bainm and Symington, 1986; Boon et al., 1984, 1986). Such
surveys yield data on the frequency-distribution of levels of infection on
commercial dairy farms as well as data on the effects of these levels of
infection on, for instance, actual growth performance of calves in
uncentrolled circumstances, with or without accounting for certain
management practices.

The present study was conducted on 89 dairy farms. Levels of nematode
infection in first-season grazing calves were estimated by serological as
wall as parasitological techniques, and related to growth performance
measured at the end of the grazing season. In addition certain management
factors were evaluated.

MATERIALS AND METHODS
Farms and calves

In this study 89 farms participated. These farms were all situated
around the city of Utrecht and belonged to the Veterinary Practice of the
Department of Herd Health and Ambulatory Clinic of the Veterinary Faculty
in Utrecht. Average farm size was 24.6 ha. (range: 9-50). Per farm a mean
number of 15 calves {range: 4-4l), 15 yearlings (range: 3-42), and 52 cows
(range: 22-114) were present.

It was chosen to investigate only calves which were pastured together as
one herd in an attempt to avoid variation originating from different
management practices and different infection patterns within herds.
Consequently, the herds investigated consisted of at average 9 calves
(range: 4-24) on each farm.
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The majority of calves were of the Dutch Friesian breed, Holstein
Friesian breed or crossbreds of these two. About 6% were of the Meusse-
Rhine-IJssel {MRIJ) hreed and about 8% were of other breeds. The latter
were distributed over 38% of the farms, while calves of the MRIJ-breed
were mainly concentrated on 7% of the farms. Calves were, when liveweights
were assessed, at average 10.4 months old (ramge: 4.6-22.4 months).

Measurement of growth performance

After the first grazing season liveweight of all calves of the 89 herds
was assessed by measuring the heart girth, i.e. the circumference (cm.) of
the chest directly behind the forelegs (Vos and Vos, 1967). Figure 1
presents schematically the timing of measurements in relation to grazing
and housing periods. On the majority of these farms calves were also
actually weighed. Because resvlts of both measurements correlated very
well (r = 0.96) and because on a number of farms weighing was I1mpossible
due to housing circumstances, it was decided to use only the heart girth
measurements.

L ra
[FIRST GRAZING SEASON | ?[Housme PERIOD]|
7

MAY ' JUN. JUL. AUG. SEP. OCT. NOV. DEC.
—» Time

sampling of faeces and blood

- sampling of blood and measurewent of heart girth {cm.) and body welghts (kg.)

@ average date of turnout and date of housing

Figure 1: Sampling periods and observations relative to grazing season
and housing period.

The estimated weights were adjusted for age and breed of the calves, and
expressed as the liveweight deviation from the overall population mean.
Between herd variation of this deviation was significantly greater than
the within herd variation (F = 10.6, P < 0.001). Therefore all subsequent
calculations were done with the average herd weight deviation from the age
ad justed population mean (HWDM).

Faecal examinations

At the end of September 1985 (Figure 1) faecal samples were taken from
freshly deposited pats (as many as possible) on pasture grazed by the
calf-herds under investigation. On each farm these samples were thoroughly
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mixed and split into two parts. One sample per herd was used to determine
a mean herd level of egg output. Egg output was estimated by counting
gastrointestinal nematode larvae per gram faeces (LPG-GI) after culturing,
combined with larval identification {Borgsteede and Hendriks, 1973, 1974).
The other sample was used for a lungworm larval count (per 30 grams of
faeces) (LPG-Dv), using a Baermann—technique.

Serological examinations

From 5 randomly chosen calves in each herd, if that number was
available, blood samples were taken. Sampling took place twice (Figure 1}.
Antibody titres against Ostertagia spp., Cooperia spp. and Dictyocaulus
viviparus, as well as pepsinogen values were determined as described
earlier by Keus et al. (198l), Boon et al. (1982) and Berghen et al.
(1987). Sera were analysed soon after é;hﬁﬁ;ampling period. ELISA-tests,
done in different periods, showed wvariation in overall levels without
affecting the relative order of titres found. This was due to the use of
different batches of reagents (e.g. conjugate, antigen, standard sera
etc.). A separate analysis was done to allow comparisons between sampling
periods.

Management practices

In the autumn of 1985 each farmer was visited to obtain data on farm,
herd and general management by means of a questionnaire, e.g. total farm
area, number of calves, yearlings, cows, pasture management, total area
grazed by calves, date of turnout, date of housing, supplementary feeding,
lungworm vaccination, anthelmintic treatments at pasture and/or after
housing, etc.

Calculations and statistics

All continuous data were tested for normzlity and, with respect to
serological and growth performance data, for homogeneity of variance.
Pepsinogen values were transformed according to the formula Y = In (X).
LPG-GI was transformed according to Y = lolog (X+1). LPG-Dv was
classified, because of a non-normal distribution which included many zero-
counts.

Management data were either categorical or continuous variables. The
latter were tested for normality. If a clear nonmnormality existed, these
variables were classified into categorical data (if possible dichotomous),
or in some cases transformed. Date of housing was classified into three
classes: before October - ‘'early'; from October to mid Navember-
'middle’; after wid November - 'late'. Grazing intensity, referred to as
calfdays per ha., was calculated as the natural logarithm of 'the herd size
multiplied by the length of the grazing period (days) and divided by the
total area grazed (ha.)'. Supplementary feeding is the average amount of
concentrates (kg.) given per calf per day during the grazing season.

All statistical analyses were performed using the Statistical Analysis
System (S.A.S5., 1985), with herd as the experimental unit. The following
steps were performed;

I. Effect of each single infection parameter on HWDM was analysed by means
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of both linear and segmented curvilinear regression. The latter was
fitted, using the model:

Y; = p - c.(L; - x9)2 + ej,

where; Y; = the per herd weight deviation in the ith herd from an
age~adjusted population mean (HWDM in kg. per calf),
p = constant weight deviation {referred to as plateau),
¢ = regression coefficient; if Tj € %g then c = 0,
1 = infection parameter in the ith herd,

xg = threshold level for infection parameter, above which growth
performance can be described by a curvilinear relation,

e; = residual error term.

In case of non—continuous data analysis of variance was used.
The next step attempted to fit infection parameters into one model,
using:

Yi =u+ I +oot Iji + eq,

where; Y; = the paer herd weight deviation in the ith herd from an
age-adjusted population mean (HWDM in kg. per calf),

u = overall mean,
141 = infection parameter j in herd i (3 =1, «ccoy, 10).

e; = residual error term.

For ease of interpretation no interactions between infection parameters
were investigated.

I1l. Relationships between mnanagement variables and either HWDM or the
infection parameters were investigated by means of linear regression or
analysis of wvariance. Relations showing statistical significance at the
10% level were used for further analysis. However, in case of variables
showing significant relationships with some of the infection parameters it
was assumed, that it was possible they also influenced the infection
parameters with which no significant relations were demonstrated.

ITT. Finmally, infection parameters and management variables were combined
in one model:

>
-
n

u+ T;" + My ..t Mgy + (Ij b4 Mk)i + ez,
where; Y; = the per herd weight deviation in the ith herd from an
age-adjusted population mean (HWDM in kg. per calf),
u = overall meaun,

I;" = 'predicted' per hexrd weight deviation in herd i based on
the combination of infection parameters found in step I,

Mpji = management variable k im herd 1 (k =1, ...., 20),
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(Ij X Mp); = interaction of infection parameter j with management
variable k in herd 1 (j =1, «..., 10; k=1, ...., 20),

ey residual error term.

To facilitate interpretation only two-way interactions were evaluated.

RESULTS

Table 1 presents the results of the larval identifications. The
predominant species were of the Ostertagia and Cooperia oncophora type. In
6.9% of the herds no gastrointestinal nematode larvae were found. At
average a geometric mean of 28.4 LPG were present. Actual LFG-GI varied
between 0 and 740 LPG. In faecal samples of 17 herds (19.3%) lungworm
larvae were found with a maximum of 182 larvae per 30 grams of faeces.

TABLE 1: Identificatlon of larval types found in faecal samples
collected in September 1985 {(n=87).

Humber of herds with faecal Total number
sample containing: of positive
0% 1-25% 25-50% 50-75% 73-99% 100X farms (%):

Ostertagia spp- 9 36 26 13 1 2 78 (89.7)
Cooperia oncophora 9 4 22 29 23 1] 78 (89.7)
Cooperia punctata 48 36 0 2 1 3] 39 (44.8)
Trichostrongylus spp- 58 28 1 Qo Q 0 29 (33.3)
Oegophagostomum spp. 79 8 o 0 0 0 8 ¢ 9.2)
Haemonchus spp- 77 5 2 3 0 1] 10 (11.5)

Nematodirus spp. eggs were found in ! herd. Trichuris eggs were found
in 7 herds. Moniezia spp. eggs were found in 9 herds.

Table 2 shows that antibody titres against D. viviparus and Cooperia
spp- decreased between September and December (P < 0.10 and P < 0.03,
respectively). Antibody titres against Ostertagia spp. increased during
this period (P < 0.03), whereas pepsinogen values decreased over the same
period (P < 0.001). From Table 3 it is c¢lear that antibody titres
correlated strongly with eachother. All correlations between antibody
titres and pepsinogen values were significant, but the strength of the
correlation between antibody titres against D. viviparus or against
Cooperia spp. and pepsinogen value was decreased in December. LPG-GI

TABLE 2: Descriptive statistics for the serclogical parameters {n=89).

SEPTEMBER 1985 DECEMBER 1985
mean s5.d. min. max- mean s5.d. min. max.
Dictyocaulus titre 4,10 1.20 1.3 6.9 31.82 0.87 1.1 6.3
Coopetria titre 3.64 1-41 0.5 6.9 1.3t 0.85 1.2 5.2
Ostertagla titre 5.53  1.50 1.8 8.5 5.94 0,80 4.1 7.8
Pepsinogen value 1263.1 616.5 314 3545 696.5 330¢.1 183 2058




correlated significantly with all serological parameters measured in
September. When LPG-GI in September was related to parameters measured in
December only the correlations with the antibody titres against Cooperia
and Qstertagia remained significant. Herds with a positive LPG-Dv showed,
compared to herds with negative counts, significantly higher antibedy
titres against lungworm (4.82 vs. 3.93, P < 0.0l), and against Cooperia
spp. (4.29 vs. 3.48, P < 0.03), and higher pepsinogen values (1451 mU vs.
1012 wU, P < 0.01), all measured in September.

TABLE 3: Pearson correlation coefficients fer the relatiomships of the serological parameters
with eachother within sampling periods {(n=8%9) and with the gastreintestinal nematode
larval count (LPG-GL) (n=87).

SEFTEMBER 1985 DECEMBER 1985
Dict. Coap. Ost. Pep. Dict. Caop- QOst. Pep.
titre titre ticre value titre titre titre value
Dictyocaulus titre - 762 k&% F15 Rtk 350 kkk - (532 %Kk 555 kA& 279 &%
Cooperia titre - LTH2 Hkk 4RT kkx - 746 % 260 *
Ogstertagia titre - 407 Rwk - <419 wkk
LPG-GI S402 AR 519 Ak 343 xkk | §DQ Ak 076 NS 314 %% 302 ¥ 172 NS

NS = nor significant; * = PK0.05; **% = P<0.01; *** = p{0.001 .

From Figure 2 it can be seen that growth performances up to the end of
the first grazing season varied enormously betfween herds. HWDM ranged from
~68.1 kg. to 84.1 kg. for individual herds.

40 [n=89 herds
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Figure 2: Frequency distribution of the mean herd weight deviations from an
age-adjusted population mean (HWDM) after the firsc grazing season.
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Several serological and parasitological parameters showed significant
relations with HWDM (Table 4). The most pronounced relations were found

with antibody titre against Cooperia spp. in September (r = -0.176), with
LPG-GI (r = -0.258), and with antibody titre against Ostertagia spp. and
pepsinogen value wmeasured after housing (r = -0.178 and -0.178,

respectively). LPG-Dv was also negatively related to HWDM recorded after
the grazing season (F = 2.62, P < 0.10). Herds with more than 10 larvae/30
grams of faeces averaged a HWDM of -18.6 kg., herds with 1 to 10 larvae
+0.6 kg., and zero—counts +4.5 kg.

TABLE 4: Regressiom of the weight deviations from the population mean measured after
housing (HWDM) om the paramerers estimating aematode infecrioun (uw=89).

LINEAR RECRESSICN: SEGMENTED CURVILINEAR REGRESSTION:

u b MSE, r(2) sign. P xQ e MSE, v2(%} sign.
SEPTEMBER 1985
Dict.titre 11.11 -2.24 682.1 1.06 NS 5.10 3.74 2.80 b48.2 4.20 +
Coop.titre 13.78 -3.26 668.1 3.10 + 4.96 3.54 2.88 645.0 4.66 *
Ost.titre 11.94 -1.80 6&B82.0 1.08 NS 4.90 3.35 0.42 688.6 1.28 NS
Pep.value 50.12 -6.89 678.5 1.59 NS 5.09 6.77 14.43 668.5 4.15 +
LPG-GI 15.31 -5.18 650.1 6.67 * 9.88 -0.02 3.06 656.2 5.93 *
DECEMBER 1985
Dict.titre -3.36 1.39 688.0 0.21 NS 1.49 3.35 -0.55 696.9 0.12 NS
Coop.titre 17.77 -4.79 672.9 2.41 NS 6.37 2.11 2.09 673.6 3.43 +
Ost.titre 36.66 -5.84 667.6 3.18 + 1.63 7.09 -24.55 694.7 0.40 NS
Pep.value 57.17 -8.69 667.7 3.17 + 11-45 4.59  2.78 673.2 3.48 +

All estimates are given in kg./calf per herd. For explanatioun of models used see section
Material and Methods. MSE; 1s the resicdual mean square error. ré-value given for the
segmented curvilinear regression was calculated by fitting observed HWDM on HWDM
"predicted’ by the segmented curvilinear relation. NS = not significant; + = P<0.10;

* = PLO.0OS .

Despite such significant negative linear relations between infection
parameters and growth performance, it may be that growth perfeormance is
only affected by parasitism if infections are above a certain threshold
level. Therefore segmented curvilinear regressions were applied on the
data, by which such threshold levels might be found. For some of the
infection parameters the resulting 'predicted' HWDM could alse
significantly be fitted to the observed HWDM (Table 4). Both linear and
curvilinear regression resulted in similar residual mean square errors.
Linear and curvilinear regression for the relation with antibody ctitre
against Cooperia measured in September is graphically presented in Figure
3. The threshold titre-value above which weights decrease progressively
with increasing titres was 3.54 (see Table 4 and Figure 3).

Combining infection parameters {(not accounting for effects of
management variables) in an attempt to explain the variation in HWDM,
resulted in significantly increased r? values. Under the conditions set by
the present study, using linear relations between infection parameters and
HWDM, the best model involved antibody titre against Cooperia spp., LPG-GI
and LPG-Dv, all measured in September (r2 = 9.17%, P <€ 0.01). When results
of segmented curvilinear regression of HWDM on antibody titres were used,
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Figure 3: Linear and segmented curvilinear relationship betweem the mean herd
weight deviation from an age—sdjusted population mean (HWDM) and the
mean herd antibody titre against Cooperia spp. in September.

the hest model involved antibody titre against Cooperia spp. and D.
viviparus as well as LPG-GI and LPG-Dv, all measured in September (r2 =
12.62%, P < 0.G01}.

The significant relations hetween farm, herd and management
characteristics and infection parameters or HWDM are given in Figure 4.
Rotational grazing schemes (such as: setstocking, rotations with or
without returning to earlier grazed pastures, rotations on aftermath,
number of rotations etc.) did not have significant effects oun either the
infection parameters or HWDM. In herds housed early (n=l1) or late (n=15)
HWDM recorded was -12.6 kg. and -8.5 kg., respectively. HWDM recorded in
the other herds averaged +7.0 kg. This difference was significant (P <
0.05). The serclogical parameters measured in Deceaber were also
significantly related to date of housing. Housing later meant higher
titres and higher pepsinogen values (P < 0.05). Per kg. of concentrate
supplementarily fed at pasture, HWDM increased with 10.9 kg. (r = 0.259, P
< 0.05). Supplementary feeding apparently influenced some infection
parameters as well, but this effect was largely due to age of herds.
Firstly, younger calves recelved more supplementary feeding than older
animals (r = -.438, P < 0.001). Secondly, antibody titres showed
significant positive correlations to age, while it could not be
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