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Van Dam, J.T.P. 1996. The interaction between nutrition and metabolism in West
African Dwarf goats, infected with trypanosomes.

In a series of experiments the interaction between nutrition and energy- and nitrogen
metabolism of West African Dwarf goats, infected with trypanosomes was studied.
Animals were injected with trypanosomes, and feed intake, energy and nitrogen
balance and blood metabolites and hormones were measured for a period of six
weeks post infection. Trypanosoma vivax infection caused fever and anaemia. The
degree of anorexia, as indicated by the ratio [dry matter intake during infection / dry
matter intake before infection] differed between experiments and between animals.
Some indications were found for a relation between MHC genotype and dry matter
intake ratio, but also environmental factors like stress and the age of the animals
probably affected this ratio. Trypanosome infection caused a reduction of the energy
retention, by decreasing gross energy intake and by increasing maintenance require-
ments with 28 %. This increased maintenance requirement was mainly related to the
fever. Blood biochemical parameters reflected the undernourished state of infected
animals. No indications were found for an interaction between the quality of the
offered diet and the course of infection with respect to feed intake and nitrogen
metabolism; instead, the effects of diet quality and of trypanosome infection were
additive. Also no interaction occurred between nutritional history (as indicated by
growth retardation which had developed prior te infection) and the course of subse-
quent trypanosome infection with respect to energy and nitrogen metabolism.

Ph.D. thesis, Wageningen Agricultural University, Department of Animal Husbandry,
Section of Animal Production Systems, PO Box 338, 6700 AH Wageningen, The
Netherlands.
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Stellingen

Tijdens de eerste 6 weken van een trypanosomiasis infectie zijn de
haematocrietwaarde en voederapname niet gecorreleerd.
dit proefschrift

Slechts in extreme gevallen is tijdens de eerste 6 weken van een
trypanosomiasis infectie een interactie tussen de kwaliteit van de voeding en
het verloop van infectie te verwachten.

dit proefschrift

De gevolgen van trypanosomiasis infectie voor de dierlijke produktie zijn
vrijwel uitsluitend gelegen in een verlaagde voedselopname en een verhoogde

onderhoudsbehoefte.
dit proefschrift

De bevinding van Kyriazakis et al. (1994) dat dieren kunnen compenseren
voor de negatieve effecten van nematode infectie door middel van selectie van
hoogwaardiger voer, is in het voordeel van ‘browsers’ (geiten, schapen) ten
opzichte van ‘grazers’ (koeien).

Kyriazakis, Oldham, Coop and jackson. 1994. Br. j. Nutr. 72: 665-677.

Een duurzame relatie tussen ‘veeteelt’ en ‘milieu’ vergt toewijding.

Het is te verwachten dat de opheffing van het Landbouwschap negatieve
gevolgen zal hebben voor de gehele landbouwsector, vooral met betrekking
tot het overleg tussen werkgevers en werknemers, en de belangenbehartiging
richting de politiek.

Het is te betreuren dat in de maatschappelijke discussie over ethische kweslies
uitzonderingsgevallen vaak fungeren als breekijzer om de bestaande wetgeving
aan te vechten.

De term ‘samenleving’ verliest gaandeweg haar inhoud naarmate meer nadruk
op individuele ontplooiing wordt gelegd.

Voor zowel liefhebbers als haters van de soap ‘Goede Tijden, Slechte Tijden’
(GTST) zou een verandering van deze naam in 'Goede Fijne Tijden’ duidelijker
de aard van de serie aangeven,



10.  'Onder’zoeken levert kennis op; echte wijsheid kunnen we alleen Boven

vinden.

Steflingen behorend bij het proefschrift ‘The interaction between nutrition and
metabolism in West African Dwarf goats, infected with trypanosomes’.
JT.P.van Dam, 25 juni 1996.



Voorwoord

En dan zit het werk erop... Het proefschrift ligt klaar voor de drukker. Het tot-stand-
komen van dit proefschrift zou dit niet mogelijk zijn geweest zonder de hulp en inzet
van vele mensen.

In de eerste plaats is dit prof. dr. Dick Zwart. Dick, bedankt voor het vertrouwen
dat je me door de jaren heen gegeven hebt. ik vond het in het begin niet altijd
makkelijk om de verschillende disciplines te integreren in mijn onderzoek, maar jij
hebt daar goede begeleiding in gegeven,

Daarnaast passen woorden van dank aan mijn andere (co-)promotoren, prof. dr.
ir. Martin Verstegen van de vakgroep Veevoeding en dr. Theo Wensing van de
vakgroep Inwendige Ziekten en Voeding der Grote Huisdieren, Universiteit Utrecht.
Martin, je bent de gezelligste prof die ik ken! je ruime ervaring in het respiratie- .
onderzoek zijn voor mij van grote waarde geweest, evenals de bemoediging in de
wandelgangen. Dr Wensing, uw punctuele commentaar op de manuscripten was een
grote hulp. Met u was een bespreking nooit saai. Daarom: geen hagel, maar lof!

Als andere leden van de begeleidingscommissie van de vakgroep Veehouderij
noem ik ing. Prins van der Hel. Prins, je koppelde een aanstekelijk enthousiasme aan
grote nauwgezetheid. Het ga je goed! Cok ing. Peter Hofs MSc wil ik graag noemen.
Peter, bedankt voor je vele tips en adviezen, zowel aangaande de praktijk van het
proeven doen, als ook de heoordeling van manuscripten. Mijn uithoudingsvermogen
werd positief door je beinvloed! Verder dr. ir. Johan Schrama. Johan, jij hebt gaande-
weg een deel van de begeleiding op je genomen, iets wat ik zeer heb gewaardeerd.
Je statistische kennis en je heldere schrijftrant waren voar me van grote waarde! Dr.
ir. Bert Tolkamp, bedankt voor je opbouwend-kritische adviezen, met name op het
vlak van de proefopzet.

Mijn dank gaat ook uit naar de ‘cellengroep’ van de vakgroep: naast Johan en
Prins zijn dit Marcel Heetkamp, Koos van der Linden en Henk Brandsma. Bedankt
voor het vele werk dat jullie verzet hebben en de 24-uurs betrokkenheid bij de
respiratieproeven! Voor het werk in de geitenstal wil ik de collega’s van Proefaccomo-
datie 'De Haar’ hartelijk danken. Met name wil ik noemen Sylvia van Ewijk, die vele
jaren de verantwoordelijkheid heeft gehad voor het werk in de geitenstal, en Peter
Vos, die ook veel werk verzet heeft rond de respiratiecellen. Jullie allen hartelijk
bedankt!

Hans Nieuwenhuijs van de vakgroep Parasitologie en Tropische Diergeneeskunde
van de Universiteit Utrecht wil ik bedanken voor het beschikbaar stellen van het
virulente beestje waar het in dit onderzoek om draaide: de trypanosoom.

Ik wil dr. Evert Hensen en zijn collega’s van de vakgroep immunologie en



Infectieziekten, sectie Immunologie, van de Universiteit Utrecht, bedanken voor de
onmisbare hulp bij het immunologische onderzoek dat uit mijn project voortkwam.
Naast nauwkeurigheid van werken legden jullie ook zeer veel geduld aan de dag! In
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Hiervoor dank; binnenkort kom ik de vrieskist uitmesten, Mike!

Ook wil ik bedanken Frits Frederiksz en zijn medewerkers van het Biochemisch
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van den Top danken voor het nemen van de leverhiopten bij de dwerggeiten.

De analyses op het ruwlab waren niet mogelijk zonder de hulp van Inge van
Langenvelde. Later waren ook Peter Tijsen en dr. ir. Huug Boer hierbij betrokken.
Bedankt voor jullie inzet. Dr. Ted van den Ingh en medewerkers van de vakgroep
Pathologie van de Universiteit Utrecht verzamelden minutieus informatie over de
pathologie van trypanosomiasis aan de gesneuvelde geitjes. Bedankt hiervoor!
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General Introduction



General Introduction

The disease

Trypanosomiasis, one of the most important livestock diseases in sub-Saharan Africa, is
caused by the protozoan parasite Trypanosoma spp., and is transmitted by tsetse flies
(Glossina spp.). The wide occurrence of the disease retards agricultural development
(Stephen, 1986; ILRAD, 1994). Clinical signs include loss of appetite, anaemia, pyrexia
and eventually death (Tizard, 1985; Stephen, 1986). The immune response to
trypanosome infection is antibody mediated; however, the parasite is capable of
frequently changing its antigenic structures (variable antigen types; VAT’s), thus creating
a chronic course of disease with successive parasite subpopulations emerging in the
blood (Morrison et al., 1985). During infection, activated phagocytic celfs produce
cytokines, like TNF-a and interleukin-1 (Sileghem et al.,, 1993, Sileghem et al., 1994);
these are thought to induce many of the pathological signs, observed during infection,
like anaemia (Sileghem et al., 1994), anorexia {(McCarthy et al., 1986; Plata-Salaman et
al., 1988), fever (Van Miert et al, 1992) and immunosuppression, leading to an
increased susceptibility to opportunistic infections {Griffin et al., 1980; Van Dam et al,,
1981; Mwangi er al., 1990).

Trypanotelerance

Several local cattle, goat and sheep breeds like the West African Dwarf (WAD} goats and
sheep, and the N’Dama and Muturu cattle are tolerant to the effects of infection (Griffin
and Allonby, 1979; ILCA, 1979, 1986). The well recognized tolerance to trypanosomiasis
of N'Dama cattle {Roberts and Gray, 1973; Starkey, 1984) consists of the ability to limit
greatly the reduction in packed cell volume {PCV), and keep parasitaemia counts at a
low level. Also animal production is maintained to a reasonable degree: in N'Dama’s,
the ability to limit the reduction in PCV was positively correlated with reproductive
performance and cow productivity (Trail et al., 1991; Trail et al.,, 1992). Therefore, in
tsetse infested areas the production potential of the N’Dama is superior to that of
susceptible cattle breeds like the Zebu (Paling et al., 1991; Dwinger et al., 1992).
Because small ruminants (goats and sheep} are regarded as ideal for small scale
farming systems (Luckins, 1992), having a high production potential (Armbruster and
Peters, 1993), more attention has been given recently to the investigation of the nature
of the trypanotolerance of the small ruminants in trypanosomiasis endemic regions.
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Studies indicated that infection of WAD goats caused serious anaemia, and that the
protein and energy retained in these animals was reduced (Verstegen et al., 1991; Adah
et al., 1993; Akinbamijo, 1994; Osaer et al., 1994). Osaer et al. (1994) suggested that
the nature of trypanotolerance of small ruminants may be different from that of
trypanotolerant cattle breeds. They suggested that the observed ability to maintain
production, should be taken as the real index of resistance, rather than the ability to
maintain PCV at a normal level.

Zwart et al. (1991) and Wassink et al. (1993) described a large variation in feed
intake among trypanotolerant WAD goats during T. vivax infection and consequently
large variation in body weight gain. This observation corresponds with studies of
Roelants et al. (1983) and Clausen et al. {1993) in trypanotolerant Baoulé cattle. More
knowledge is needed on the question what determines inter- and intra-breed variation
in the degree of trypanotolerance with respect to feed intake and animal production, i.e.,
has trypanotolerance a genetic basis, or do environmental factors (also) determine the
degree of tolerance. Studies of Clausen et al. (1993) and Wassink et al. (1993) indicated
a high repeatability of individual responses to successive infections of trypanotolerant
animals, with respect to clinical paramters. This implies the possibility of a genetic basis
for these traits.

However, trypanotolerance is also found to interact with environmental factors.
Indications for an interaction with nutrition was detected by Reynolds and Ekwuruke
(1988), and Agyemang et al. (1990). Agyemang et al. (1992) found indications for an
interaction of tolerance with the physiological status of the animal, and Kaufmann et al.
{1992) reported an interaction between the degree of tolerance and secundary infections.
If substantial interaction between tolerance and nutrition exists, then strategic feed
supplementation might increase animal production of trypanotolerant breeds to a great
extent.

Energy and nitrogen metabolism

An important area of study is the energy and nitrogen metabolism of the infected host
during infection. Animal production is mainly determined by the intake of nutrients,
relative to the needs of the animal. The absorbed nutrients are firstly used for
maintenance processes and the remainder for production, like body weight gain, milk,
wool and traction (Blaxter, 1989). As mentioned before, nutrient intake was reduced by
trypanosome infection (Zwart et al,, 1991: Wassink et al,, 1993). Also partitioning
between protein and energy may be changed by infection. Beisel {1985} described
increased N losses due to parasitic infection. This may be caused by protein losses via
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urine or faeces, due to intestinal or renal lesions, or by an increased protein turnover.
Verstegen et al. (1991) studied the energy and nitrogen metabolism of WAD goats during
1. vivax infection. They found that maintenance requirements were increased by
infection, leading to reduced productivity. In this study only group means were
measured, and mean feed intake level differed between infected and control animals.
More research was needed on the relation between metabolic rate and feed intake in
infected and control animals, by measuring the variation in energy metabolism
parameters between animals.

Aim of the thesis

This thesis describes a series of studies on the effect of experimental trypanosome
infection on energy and nitrogen metabalism of trypanotolerant animals, and the possible
interaction with nutrition. As a model the WAD goat was chosen. The animals were
infected with the strain T. vivax Y486 (Leeflang et al., 1976) by intravenous injection.
Energy and nitrogen metabolism traits were measured during a period of 4 - 6 weeks
after infection, to study how these were affected, and what were the metabolic costs in
terms of energy and nitrogen. Special attention was given to the variation in feed intake
among trypanotolerant animals and to possible mechanisms behind this variation. In
addition, it was studied if the quality of the offered diet, and the nutritional history of an
animal influenced the course of T. vivax infection. Because the degree of anaemia due
to infection is thought to indicate the level of trypanotolerance (Trail et al., 1991), this
variable was studied too.

For the series of experiments, which are described in this thesis, three different
research themes were defined. Firstly, the variation in feed intake reduction between
animals due to infection was studied. Secondly, the effect of trypanosaome infection on
energy and nitrogen metabolism was studied, and thirdly, the interaction between
nutrition and trypanosome infection with respect to energy and nitrogen metabolism was
studied.

Outline of the thesis

In chapter 2 and 3, the studies on the variation in ad libiturn dry matter intake during
trypanosomiasis (research theme 1) are described. In chapter 2, a study on the dry matter
intake (DMI) response to successive trypanosome infections of individual animals is
reported. Analysis of the variation between successive responses per infected animal in




6 Chapter 1

relation to the variation between animals was carried out, and from this indications on
the relative importance of genetic sources of variation in the feed intake response to
infection could be obtained.

Chapter 3 deals with the variation in DMI response to T. congolense infection
between animals; it was studied if possible genetic mechanisms of feed intake regulation
during infection exist. Therefore the phenotypic variation among animals was related to
polymorphism in the Major Histocompatibility Complex {(MHC)} region of the genome.

The studies into the effect of T. vivax infection on energy and nitrogen metabolism,
and energy partitioning, at different feed intake levels {research theme 2) are described
in chapter 4 and 5. The effect of T. vivax infection on energy and nitrogen retention of
individually housed WAD goats is presented in chapter 4. To make an isonutritional
comparison between infected and control animals over a range of intake levels, a design
with high and low responder animals and a restricted feeding regimen for part of the
animals was chosen. The relation between energy retention (ER) and metabolizable
energy (ME) intake, and the relation between nitrogen retention (NR) and ER were
studied, the latier relationship would give insight in the question if trypanosome infection
leads to increased N losses. Also blood biochemical parameters, which are informative
about the energy and protein status of the animal, were measured.

Chapter 5 describes in more detail the heat production during infection, and the
relation between body temperature and body posture. Therefore, these traits were
measured on a continuous basis during infection, and the relation between short term
variation in heat production and in body temperature was measured. Also the effect of
body posture on heat production and body temperature was estimated.

In the chapters 6 - 8, the effect of nutrition on the course of T, vivax infection with
respect to energy and nitrogen metabalism is described (research theme 3, 2). In chapters
6 and 7, an infection trial in which goats were fed either a good quality roughage (i.e.,
lucerne), or a poor quality roughage (i.e., grass straw) is described; in chapter 6, the
organic matter intake, body weight change and nitrogen metabolism during infection is
described, whereas in chapter 7 the metabolic profile and pathological (PCV, post
mortem analysis) findings are given.

Chapter 8 reports on an experiment in which the effect of nutritional history of
young growing goats on the course of T.vivax infection was studied. Before infection,
therefore, restricted feeding at maintenance level was applied for half of the experimental
goats, and the other goats had ad libitum access to feed. The effect of the induced
retarded growth pattern on energy and nitrogen metabolism during infection was
examined.

Finally, in the general discussion, the major findings from the previous chapters are
discussed, and conclusions and directions for future research are formulfated.
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Abstract—
Twelve adult West African Dwarf bucks were infected with successively Trypanosoma

congolense and T. vivax, to study the individual response to infection with respect to the vari-
ables dry matter intake, body weight change and packed cell volume. Large variation between
animals with respect to feed intake parameters was observed. The ratio [dry matter intake during
infection / dry matter intake before infection] of individual animals was different for the two
infection periods. This means that repeatability of dry matter intake ratio was low, indicating that
genetic factors played a minor role. Probably housing in social isolation during the second
infection period induced changes in the individual feed intake response to infection.

Introduction

A number of indigenous livestock breeds of West Africa are recognized as tolerant to the
devastating effects of trypanosome infection, e.g. N'Dama and Muturu cattle and West
African Dwarf (WAD) goats and sheep (Trail et al., 1980). This tolerance exists in the
capability to maintain Packed Cell Volume {PCV) level and productivity at an acceptable
level. Trypanotolerance has a genetic basis {Murray, 1988}). Roelants et al. (1983),
however, found that within the trypanotolerant Baoulé cattle breed both sensitive and
tolerant animals can be found. Also Zwart et al. (1991) observed large variation in feed
intake and productivity due to T. vivax infection, ameng animals from the WAD goat
breed. Wassink et al. (1993) infected WAD goats with successively T. congolense and
T. vivax, with a recovery period between the two infections. They measured the dry
matter intake (DMI) per animal before and during both infections separately, and
calculated the ratio {DMI after infection / DMI before infection]. From this study a
ranking carrelation between individual DMI response to successive infections of 0.59
(P < 0.05) was calculated; thus indications were found that at least the DMI response to
trypanosome infection, irrespective of the trypanosomal species or strain used, can be
predicted from the response during previous infections. This may imply that individual
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DMI response of WAD goals to trypanosomiasis may be genetically determined.
However, the correlation between two repeated measurements comprises both variation
which can be attributed to genotype and variation which can be attributed to constant
environmental conditions during the two observations. In the study of Wassink et al.
(1993), environmental conditions (type of feed, housing) were similar for both infection
periods, which implies that the estimated correlation probably contained a relatively high
proportion of variation attributable to environmental conditions.

In the present experiment, therefore, we infected WAD goats with successively T.
congolense and T. vivax and changed the environmental conditions during the second
infection period to study the variation in DMI response to infection between animals and
between successive observations within animals. It was expected that this would give
more insight in a possible genetic basis of feed intake response to trypanosomiasis.

Material and methods

The reported results were part of a larger experiment, in which the effect of feed intake
level on the course of Trypanosoma vivax infection with respect to energy and nitrogen
balance was studied (Van Dam et al., in press).

Animals, feeding and housing
A group of 48 adult castrated West African Dwarf bucks with a mean body weight (BW)
of 27.7 (£ 1.0} kg and mean age of 21.0 (+ 1.4) months, was used.

Before, during and after infection 1, all animals were housed in individual ground
pens in which eye and ear contact with congeners was possible, During infection period
2, animals were housed individually in one of two identical respiration chambers, as
described by Verstegen et al. (1987).

Throughout the experiment, animals had free access to pelleted lucerne. The lucerne
contained 93 % dry matter, with on average 18 % crude protein in the dry matter. Water
and salt lick were freely available.

Experimental design and time schedule

Five weeks before infection with T. congolense (Infection 1), 48 West African Dwarf
goats were housed in individual pens, All animals were infected intravenously with T.
congolense subakia stabilate, isolated in Nairobi, Kenya in 1961 at a dosage of
approximately 1x10° parasites per goat. Five weeks after infection the animals were
treated with 7 mg diminazene aceturate per kg body weight (Berenil, Hoechst Veterindr,




Feed intake response to successive infections 13

Miinchen; double dosage), so that they could recaver and regain pre-infection weight
and PCV levels.

After infection 1, animals were allocated to one of three groups, depending on the
observed DMI ratio (see under Measurements), viz. low ratio (LRat; Ratio< 0.40},
medium ratio {MRat; 0.40 < Ratio = 0.60) and high ratio (HRat; Ratio> 0.60). For
some animals, this ratio could not be calculated because daily DMI was not stable. From
the animals with a known DMI ratio, 12 animals were selected for a second infection;
4 animals were selected from the HRat group, and 8 animals were selected from the LRat
group. Thus only animals that had shown a large or a small reduction of dry matter
intake during infection with T. congolense were selected, to minimize the use of animals.
After a mean recovery period of 11 months, the selected animals were individually
housed one after the other in one of two respiration chambers in complete social
isolation. The selected goats had a mean age of 29 (+ 1.1) months at the moment of
infection 2.

After 1 week in the respiration chamber, the goats were infected intravenously for the
second time, at a dosage of approximately 1x10" parasites per goat. For this infection a
different trypanosomiasis species, f.e., T. vivax Y486, isolated in Zaria, Nigeria by
Leeflang et al. (1976), was used. This chalienge with another species was done, because
trypanotolerant animals are able to better control a secundary (or rechallenge) infection
with the same trypanosomiasis strain than a primary infection (Paling et al., 1991); it was
assumed that by using a different species, the response to infection 2 would be
comparable with that to infection 1.

Aiter 6 weeks of infection the experiment was terminated and the animals were
euthanized, according to Dutch welfare regulations.

Measurements

Feed intake was measured three times per week, from 3 weeks before infection until the
end of the infection period. Therefore the amount of offered and refused feed was
measured three times per week, and a weekly composite sample of both fractions was
taken. Dry matter content of the samples of offered and refused feed was measured (ISO
5984). DMI per kg metabolic weight per day {g DM4g®”>d"} was calculated as the
difference between offered DM and refused DM.

The mean DM in a 2-weeks period prior to infection 1 was calculated, as well as the
mean DMI during infection 1, (day 5 until 35 post infection; a prepatent period of 4 days
was assumed}. Moreover, the mean DMI in the week before infection 2, when the
animals were already housed in the chamber, was calculated, and DMI during infection
2 {day 5 until 35 post infection). The ratio DMI [during infection / before infection] was
calculated per animal per infection period.d
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Body weight (BW) was measured weekly in the morning just after feeding, throughout
the experiment.

Statistical analysis

Statistical analysis was done with General Linear Models procedure (GLM) of SAS
Statistical Package (SAS, 1990) using 1-way analysis for analysis of DMI before and
during infection, as well as DMI ratio for the second infection {(with T. vivax; n= 12):

Yi= i + R + & [1]
where: Y;= dependent variable; 4= overall mean; R;= effect of Ratio group (LRat or
HRat; classification was based on results in infection period 1); e;= error term.

Moreover, the normal and the ranking (Spearman) correfations between subsequent
measurements an DMI ratio of individual animals were calculated.

Results and discussion

In Table 1 BW at the start of infection, average DMI before and during infection and the
DM! ratio are given per infection period per treatment. The BW at the start of infection
was higher in period 2 compared with period 1 (P< 0.01). Both the infections with T.
congolense and T. vivax caused a reduction of DMI and BW. This corresponds with
studies of Zwart et al. (1991}, Two animals died before the end of the second infection
period on day 35 and 39 post infection, respectively.

The DMI before and during infection 1 and DMI ratic were higher, compared with
the same parameters, measured during infection 2. During the first infection the DMI
ratio was higher in HRat than in LRat; however, this was induced by the experimental
design and therefore an artefact. In the second infection, however, anly a small and non-
significant difference between HRat and LRat was found (P= 0.23).

In Table 2, ranking {Pearson) correlations between clinical parameters, measured on
the 12 experimental animals during both infections 1 and 2, are presented. The ranking
carrelation between DMI before infection 1 and DMI before infection 2 was positive (P <
0.01}. Also the correlation between DMI before infection 1 and DMI during infection 1
was significant (P < 0.05), as well as the correlations between DMI during infection and
DMI ratio, within each of the infection periods {(at least P< 0.01}. However, the
correlation between DMI before infection 2 and DMI during infection 2, as well as the
correlation between DMI ratio during infection 1 and infection 2 was very low and not
different from zero.
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Table 1. Least squares means of body weight (BW) at infection, dry matter intake (DM
before and during successive infections with Trypanosoma congolense and Trypanosoma
vivax and ratio DMI [during infection / before infection] of West African Dwarf goats,
selected for either a high or a low DM ratio.

Treatment’ LRat sem HRat sem P-Value
No. of observations 8 4
Infection 1
BW at infection, kg 29.3° 1.1 24.4° 1.5 *
DM, gkg®7d"
Pre-infection 66.1 4.0 79.0 5.6 ns
Infection 19.7° 23 58.0° 3.2 kil
DMI ratio 0.30° 0.024 0.73" 0.034 B
Infection 2
BW at infection, kg 34.5 1.3 31.3 1.8 ns
DM', gkg-OJSd-'!
Pre-infection 38.4 4.2 45.9 6.0 ns
Infection 10.3 2.1 16.8 3.0 ns
DMI ratio 0.28 0.056 0.40 0.079 ns

": LRat= Low DMI ratio. HRat= High DMi ratio; selection based on DM! ratio in
infection period 1;
5 means with different superscripts per infection period within a row are

different (P < 0.05).

Table 2. Ranking (Spearman) correlation r between DMI before infection (DMI-1),
DMI during infection (DMI-2}; DM ratio {DMI-R), of subsegquent infections with
T. congolense and T. vivax',

T. congolense T. vivax

Dii-1 DmI-2 DMI-R - DMI-1 Dmi-2 DMI-R

T. congolense infection:

Dmil-1 - 0.64 0.37 .77 0.24 -0.23
™ (ns} =) (ns) (ns)

DiAl-2 - 0.94 .40 0.37 0.20
(**=) (ns} (ns) (ns}

DMI-R - 0.16 0.36 0.35
(ns) (ns) (ns)

T. vivax infection:

DMI-1 - 0.35 -0.34
(ns) (ns)
DMI-2 - 0.75
**)
DMI-R -

' significancy between brackets: ns= not significant; * = P< 0.05; ** = P< 0.01;
#rE = P 0.001.
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The relation between DMI ratio after infection 1 and DMI ratio after infection 2 is
also depicted in Figure 1; no relation (P= 0.27) was found. This agrees with findings of
Dwinger et al. (1992}, who observed a small and non-significant ranking correlation
between body weight change of N'Dama cows during successive trypanosome infections,
the body weight change being related to feed intake. Trail et al. (1991), however,
estimated a heritability of .39 far body weight change of N’Dama cattle in trypanasomi-
asis-endemic areas. Also Wassink et a/. (1993) found a high ranking correlation between
individual DMI ratio’s to successive trypanasome infections of 0.59. However, re-analysis
of the data shows that the normal correlation in their experiment was low (r= 0.31; P=
0.29); this was due to the fact that one animal showed an extremely different response
during the second infection. This observation could be qualified as an outlyer (P < 0.01),
according to Cook’s Distance test {Cook, 1979). Exclusion of this animal from the dataset
brought correlation to 0.81 (P< 0.001; Wassink et al., 1993).

Figure 1. The relation between DMI ratio during T. vivax infection (infection 2) with DM ratio during T.
congolense infection (infection 1) of individual animals. a represents LRat animals, @ represents HRat
animals.
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The low correlation between subsequent DMI ratio’s found in the present study,
compared to Wassink et al. {1993), possibly can be attributed to different factors. Firstly,
the social isolation of the animals in the respiration chambers may have affected DMI
and DMI ratio. Carbonaro et al. {1992) ohserved an increase of norepinephrine in goats
undergoing short periods of social isolation, which was mainly associated with exercise
and physical stressars but probably also psychological stress. Van Adrichem and Vogt
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(1993) found that metabolism of sheep was strongly affected by social isolation for
periods of 1 week. Therefore possibly in the present study, feed intake and consequently
DM ratio was changed by the social isolation.

Secondly, the age of the animals may have played a role. At the start of infection 2
the animals were 8 months older than at the start of infection 1 (29 and 21 months,
respectively). Ketelaars and Tolkamp (1991} observed a decrease of digestible organic
matter intake per kg metabolic weight, with age, in a group of WAD goats aged between
22 and 32 months. Together with increasing age, also the body condition and amount
of body fat increased (our unpublished observations) which may also have led to a
reduced feed intake. Lee et al. (1995), described a negative relation between fat depth
and feed intake of mature ewes. Nevertheless, a significantly positive correlation was
found between DMI before infection 1 and DMI before infection 2, indicating that the
ranking of animals had not changed largely in the intermediate period. Only during the
second infection period, infected animals showed a different ranking with respect to DMI
and DMI ratio.

It can be concluded, therefore, that little indication was found for a genetically
determined DMI and DMI ratio during trypanosome infection. Environmental factors
probably largely determined the DMI and DMI ratio and perhaps also interaction
between genotype and environment has played a role.
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Abstract
A group of 25 mature West African Dwarf goats was experimentally infected with Trypanosoma

congolense to study possible genetic mechanisms behind variation in clinical variables among
animals. Therefore, before and during infection, dry matter intake {DMI), body weight change
and packed cell volume (PCV) were measured. The ratio [DMI during infection / DM} before
infection] was calculated, and the PCV ratio analogously. From all animals, the class | and class
Il caprine feucocyte antigens (CLA} were determined, by 1-dimensional iso-electric focussing.
Indications were found for a correlation between on the one hand DMI during infection and DMI
ratio, and on the other hand CLA genotype polymorphism. It was suggested that the class | and
Il CLA genes acted as a genetic marker for the TNF-a gene or its regulators, and that therefore
differences in CLA genotype may have been related to different TNF-a production levels during
infection. These results therefore offer some evidence for a genetic basis of the degree of
trypanotolerance.

Introduction

Over 90 % of sheep and goats in sub-Saharan Africa are found in East and West Africa
where they provide respectively 30 % of the meat and 15 % of milk consumed {ILCA,
1990). Many aid workers and international agricultural organizations consider these smail
ruminants ideal for increasing livestock productivity of low input systems (Luckins, 1992).
A major constraint, however, for viable animal production systems in sub-Saharan Africa
is the disease trypanosomiasis, caused by the protozoan Trypanosoma spp. and in Africa
transmitted by the tsetse fly Glossina spp. The disease causes anorexia, anaemia and high
mortality if left untreated (Stephen, 1986). Some local goat, sheep and cattle breeds,
however, are tolerant to infection (ILCA, 1986). Trypanotolerance is described as the
ability of individual animals to limit the anaemia and to maintain animai production
(Murray and Morrison, 1981; Murray, 1988; Trail et al., 1991}, Griffin and Allonby
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(1979) observed that tolerant breeds not only controlled the anaemia during infection,
but also lost less weight in the first 4 months of infection. In studies on trypanatolerant
West African Dwarf (WAD) goats, however, a reduction of feed intake was observed,
which varied largely between animals (Zwart et al., 1991). Roelants et al. (1983} also
reported large differences in tolerance to infection among caitie from the trypanotolerant
Baoulé breed.

Notoriously antigen specific immunity is activated during infection, but due to the
antigenic variation of the parasite less effective. The innate immune system of the host
has a central role with respect to tolerance to infection in many studies (Murray, 1988;
Sileghem et al., 1993). During infection, several hormone-like polypeptides are produced
by activated mononuclear celis, such as tumour necrosis factor-a (TNF-a) and interleukin-
1 {Sileghem et al, 1993; Sileghem et al, 1994). These cytokines regulate local
inflammatory reactions by cell-to-cell communication, but may also gain access to the
circutation and induce systemic effects such as anorexia and fever (Plata-Salaman et al.,
1988; Socher et al.,, 1988; Van Miert, 1995), Karunaweera et af. {1992) demonstrated a
close relation between short term variation in serum TNF-g levels and magnitude of
fever,

It was found by Freund et al. (1992), that polymorphism in the gene, encoding for
TNF-a production in mice correlated with levels of TNF-a mRNA in infected brain tissue
and the level of resistance to the development of toxoplasmic encephalitis. Thus different
alieles of the TNF-g gene may explain variation in TNF-a production between animals,
and therefore provide a possible mechanism behind the observed variation in feed intake
response to infection among animals,

The gene encoding for TNF-a is located in the central region of the major histocom-
patibility complex {(MHC) in mammalian species including the goat, within the MHC
class | and class 1l region {(Andersson and Davies, 1993). In goats the MHC is called the
caprine leucocyte antigen system (CLA). The class | and Il regions of the CLA are also
extremely polymorphic; the recombination rate between the class | and |l region is low
(less than 3 % in cattle) and therefore these genes usually cosegregate (Andersson and
Davies, 1993). The CLA class | and Il can be regarded as ideal marker genes for TNF-a
gene polymorphism, based on the criteria for marker genes (Van der Beek, 1996).

Therefore, in the present study the individual response to artificial T. congolense
infection of West African Dwarf goats with respect 1o the clinical parameters dry matter
intake (DML}, body weight change and packed cell volume (PCV), was related to CLA
class 1 and 1l polymorphism; these genes were expected to act as marker genes for the
gene encoding for TNF-a. Results from this study could therefore give insight in the
possible mechanisms behind the clinical signs due to trypanotolerance.
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Material and methods

|. Biochemical genotyping of CLA genotypes

The method described below was based on the protocol for isoelectric focussing in goats
{Joosten et al., 1993).

preparation of the cells

From each goat, 10 mL of blood was taken by puncture from the vena jugularis using
vacuumized tubes containing Lithium-heparin. Lymphocytes were isolated by
centrifugation under Ficoll/NaMelrizoate (5.G. 1.078) for 45" at 850 g. Freshly isolated
lymphocyles were washed 3 times in Hanks Balanced Salt Solution. Approximately
20x 10° cells were kept in methionine free MEM (Gibco Ltd, Paisley, UK), with 10 %
(v/v) foetal calf serum (FCS; Flow-Lab, Irvine, UK) before labelling, and were incubated
at 37°C with 5 % CO,, for 45". Then cells were labelled by adding 100 uCi of **S-
Methionine (Amersham Laboratories, UK) and incubated overnight.

Immunoprecipitation

After labelling, each cell suspension was transferred to two 1-mL eppendorf tubes
(approximately 10x10¢ cells per tube) and was spinned and resuspended two times
(centrifugation for 3’ at 13,000 g). After spinning for the 3 time, 1 mL of cold NP40 1
% lysis buffer was added to each eppendorf tube. Also fresh phenyl methyl suiphon
fluoride (PMSF) was added (10 pL-mL" of a 10 mM solution) and the cells were
resuspended. After 60° incubation on ice, the supernatant was transferred to a clean tube.

Preclearing of the supernatant was done twice; each preclearing consisted of the
following steps. Normal rabbit serum (NRS; 3 pl) was added to the supernatant and was
incubated on ice for 60’, after which the tubes were spinned for 1” at 13,000 g. Then 75
4L of a 10 % Staph A solution was added, and after 30 incubation on ice, the tubes
were spinned again for 3 at 13,000 g.

In the 2™ preclearing step, incubation with NRS was done overnight on ice. For
standard precipitation of the Class | products, 3 ul of mAb B1.1G6 was added to one
tube of each animal, and for precipitation of the Class H products, 3 uL of mAb human
poly a-ll was added to the other tube. Both tubes were incubated on ice for 90". The
pellet was washed 4 times with NNet buffer. Then it was incubated with 50 wl
neuraminidase for 3 h, and, after spinning and washing, incubated overnight with 50 gL
neuraminidase after which the samples were frozen at -80°C.
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One-dimensional isoelectric focusing (1D-1EF)

1D-IEF was done in vertical polyacrylamide gels. The composition of the used electrode
buffer, the overiay buffer and the sample buffer, was as reported by joosten et al. (1993).
The precipitates were thawed and resuspended in 40 uL IEF-sample buffer, incubated for
2 h at room temperature, and spinned for 27 at 13,000 g. 20 ulL of supernatant was
loaded in the wells, and 20 gL of overlay buffer was added carefully. Then the wells
were filled with upper buffer and the electropharesis buffer was added. After prefunning
of the gels for 2 h ata V,, of 400 V, the gels were run for 18 h ata V,, of 800 V and a
constant current of 15 mA.

After running, the gels were treated twice with DMSO for 30" and were fluorographed
by treating the gels with DMSO-PPO for a minimum of 3 h. The gels were washed with
water and were dried. Class | and Il band patterns were autoradiographed on Kodak X-AR
film for 1 week.

Il._nfection experiment

Animals, feeding and housing

From a flaock of WAD goats, established at the Agricultural University about 15 years ago
{Montsma, 1986}, a group of 25 mature castrated male goats with a minimal disease
history were selected. All animals had previously been vaccinated against ecthyma and
had received anthelminthic treatment with Ivomec (lvermectin, MSD, AGVET,
Hoddesdon, UK). The animals were 18 + 0.1 months old and had a mean body weight
of 27 + 0.6 kg. They were the offspring from four unrelated sires; the selected
subpopulation included four pairs of full sibs.

The animals had ad libitum access to pelleted luceme, drinking water and salt lick.
The lucerne consisted of 93 % dry matter, 16.8 kl-g' gross energy and 18 % crude
protein. Animals were housed individually in pens on a bedding of wood shavings. They
were able to have visual contact with adjoining animals. The lights were on from 7.00
h 1ill 19.00 h. Ambient temperature ranged between 18 and 20°C.

Experimental design

Before infection, all animals were housed in individual pens for 4 weeks. On day 0, the
animals were infected intravenously with 1 x 10° trypanosomes. Therefore, a stabilate
of T. congolense subakia, isolated in Nairobi, Kenya in 1961 was inoculated in mice, for
multiplication of the parasite. This mouse blood was used for infection of the goats.
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After 5 weeks of infection, the animals were treated intramuscularly with 7 mg
Berenil/kg bodyweight after which recovery started. The time schedule of the experiment
is given in Table 1.

Table 1. Time schedule of the experiment.

Day to infection

-28 Housing of animals in individual pens; feeding of the experimental feed; start
measurements on feed intake, body weight and PCV.
-10 Start measurement body temperature
0 Infection
35 Treatment with 7 mg Berenil/kg bodyweight; start recovery.
Measurements

The CLA class | and I} alleles were determined by 1D-IEF. The definition of the class |
alleles and the class Il alleles was done by the authors, because no literature was
available on CLA haplotypes of West African Dwarf goats. The nomenclature of the
different genotypes resulted from the two haplotypes combined in each animal.

Before and during infection, individual feed intake was measured three times per
week by offering ad libitum feed and by collecting feed residues afterwards. Composite
samples of both offered feed and refused feed were analyzed for dry matter content (iSO
5984); from this, dry matter intake (DMI) per kg metabolic weight (kg®”) per day was
calculated. The mean DMI in the two weeks preceding infection, as well as the mean
DMI from day 5 until 35 of infection {leaving the prepatent period of 4 days out of the
calculation) were calculated per animal. Also the ratioc DMI [during infection / before
infection] was calculated per animal.

The body weight (BW) was measured weekly, in the morning after feeding. For each
animal, the body weight change during infection was calculated as the difference
between BW at week 3 p.i. and BW at infection.

A blood sample was collected weekly from the jugular vene in heparinized tubes.
The packed ceil volume (PCV) in blood was measured by centrifugation of the blood in
capillaries using a micro-haematocrit centrifuge. The ratio PCV [after 3 weeks of infection
/ before infection] was calculated for each animal.

Statistical analysis

Preliminary analysis showed no effect of sire on the studied parameters. The effect of
CLA genotype on DMI before and during infection, on the DMI ratio, and on the body
weight change and PCV ratio was tested using the following model:
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Yi=u + G + g [

where: Y, = parameter of study; g~ overall mean; G;= effect of Genotype (i= 1,..,6);
g;= rest error term.

The model was tested using the General Linear Models Procedure of the SAS
Statistical package (SAS, 1990). Only 6 CLA genotypes from 20 animals were included
because of low incidence of the other genotypes. Differences between genotypes,
calculated as least square means, were tested simultaneously. For all parameters involved
a normal distribution of variation was found.

For all studied parameters, also a mean value per group of animals that shared a
specific haplotype, was calculated. However, because goats are diploid, animals which
were heterozygotic for CLA genotype, were included twice in this dataset; therefore, no
statistical analysis could be done.

Table 2. Compaositian of CLA haplotypes and genatypes, and distribution
frequencies in a flock of West African Dwarf goats.

Haplotypes A B C D E F
Number of animals 4 5 8 15 7 1
Class | allele’ 1 3 4 5 6 7
Class 11 allele! 1 3 4 5 8 9

Genotypes in the goat population, observed as combinations of haplotypes®

AA (1} AB(*) AC(™) AD () BE{™} FF (1)
AB (1) BD (2 CC(4) BD (¥ DE {*}
AC (1} BE(2} CD{3} CD(*}
AD (1) DD (4)
DE (5)

': numbers refer to Figure 1;

. number of animals between brackets:
*: already counted.

Results

CLA genotyping

In the studied population 6 different Class | and also 6 different Class |l alleles were
distinguished. In Figure 1 an autoradiograph of the 1D-tER analysis for class | is given;
in Figure 2 an autoradiograph for class |l analysis is given. An interpretative drawing of
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the focussing bands of each allele is presented in Figure 1 and 2, besides the autoradio-
graphs. No recombination between class | and class Il was detected in the animals
studied; therefore 6 different CLA haplotypes were defined by both class | and
polymorphism of a particular haplotype (A to F; Table 2). Because no CLA Class 1 and
I} typing in WAD goats has been reported before, the definition of the different
haplotypes was arbitrarily chosen by the authors. The pairwise combination of
haplotypes in each animals resulted in 11 different genotypes (Table 2).

Figure 1. One-dimensional isoelectric focusing (1D-IEF) autoradiographic analysis of CLA class | antigens,
precipitated from cell lysates from non-stimulated perigheral blood mononuclear cells (PBMC), using mAb
B1.1G6, from a flock of 25 West African Dwarf goats; included is an interpretative drawing of the
focussing bands of each allele.

Class | antigens

1T 3 4 5 6 7







