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Marqué

Er is zelden iets dat ik zeg of denk
of ook het tegenovergestelde gaat door mijn gedachten.

[Godfried Bomans]
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Stellingen

Selektie op antilichaamproduktie bij pluimvee leidt niet tot
een verhoogde stressgevoeligheid.
[Dit proefschrift, Hst, I, II, III]

Verschillen tussen de "hoge" en "lage" selektielijn in

hunorale immuunrespons worden deels verklaard door

verschillen in het aantal antilichaamproducerende cellen.
[Dit proefschrift, Hst. IV]

Het al dan niet optreden van immuunsuppressie is onbruikbaar
als parameter voor de mate van "stress" waaraan een dier is
blootgesteld.
[Kelley, 1985, Animal stress p.193-223; Siegel, 1985. WPSA-journal 41:
36-44; Dit proefschrift]

Selektie op een hoge humorale immuunrespons kan uitgevoerd
worden zonder negatieve gevolgen voor andere immunologische
kenmerken en produktie-eigenschappen.

De potentiéle waarde van selektie op weerstandskenmerken is
voldoende onderbouwd om nader onderzoek in challenge-proeven
en beproeving in commerciéle fokprogramma's te
rechtvaardigen.

Analyse van DNA-sequenties biedt goede perspektieven voor het
opsporen van ziekte-risikofaktoren en resistentie-genen in
het gencom van zowel mens als dier.

Bij voortgaande teoepassing van moderne reproduktietechnieken
bij landbouwhuisdieren dient meer aandacht geschonken te
worden aan het voorkomen van genetische erosie.

Gebruik maken van "DNA-fingerprinting" als selektiekriterium
bij het akseptatiebeleid .voor verzekeringen of in
sollicitatieprocedures is in essentie niet verschillend van
diskriminatie op grond van ras of sekse, en is derhalve in
strijd met de grondwet.
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Indien aanzuren van mest geaksepteerd wordt als grootschalige
oplossing om de ammoniakuitstoot te reduceren, =zal het
plateau van Margraten alsnog afgegraven moeten worden.

Het verhogen van de resistentie van PC's tegen virusinfekties
vereist regelmatige financiéle injekties voor de aankoop van
up-to—date kiemvrije software.

Doordat het huidige sociale en fiscale beleid eenzijdig
gericht blijft op stimulering van de traditionele "hoeksteen
van de samenleving", wordt het ouderschap in tweeverdiener-
relaties nog steeds ontmoedigd.

Sinds melkquota verhandelbaar zijn, komt (wit-)goudkoorts
vaker voor dan melkerskoorts.

Uit het feit dat ze zichzelf kunnen voeden, leiden sommige
mensen onhterecht af dat zij voedingskundigen zijn.

Wanneer de grcene lobby bereid is haar witte motor aan een
zorgvuldige revisie te onderwerpen en regelmatig onderhoud
te plegen, kan die ook aan toekomstige strenge milieunormen
voldoen.

Proefschrift R.A. Donker.
Thermal influences on antibedy production and metabolism in chicken lines

divergently selected for immune responsiveness.
Wageningen, 19 mei 198%.




Yoorwoord

De wijze waarop een skriptie tot stand komt is ooit eens vergeleken met
het volbrengen van een dracht. De totstandkoming van een proefschrift als dic
kan naar mijn idee echter beter vergeleken worden met een immuunrespons.

Na gedurende mijn propaedeuse en kandidaats studie met een breed scala van
antigenen (studievakken} in aanraking te 2zijn gekomen, heb ik in mijn
doktoraalstudie enkele duidelijke immunisaties gehad met fokkerij en
immunologie. De resultaten van die immunisaties waren enkele skripties, en een
ir. titel. Na een korte tussenperiode heb ik, in de vorm wvan dit promotie-
assistentschap een forse reimmunisatie ontvangen met immunologie. De respons
bij een reimmunisatie vertoont doorgaans een heftiger verloop, een hogere piek
en houdt langer aan. Het resultaat van deze respons ligt voor u. Zoals u kunt
konstateren is de hoeveelheid antilichaam in ieder geval voldoende wvoor een
flinke respons. .

Zoals een imuunrespons tot stand komt door een groot aantal samenwerkende
cellen (o,a. macrofagen, plasma cellen, B-cellen, T-helper, T-suppressor en
nul cellen), zo komt een proefschrift slechts tot stand door een groot aantal
samenwerkende personen, Een aantal wil ik op deze plaats met name noemen.

Mijn promotor, Prof. dr. Arie Hoogerbrugge, wil ik bedanken voor het
vertrouwen dat hij in mij gehad heeft en de geboden begeleiding. Ik heb het
zeer gewaardeerd dat u ock na uw onverwacht vervroegde emiritaat altijd bij
het onderzeek betrokken hebt willen blijven.

Mijn co-promotor, dr.ir. Akke van der Zijpp, bedank ik voor de geboden
kans dit onderzoek te doen en de vrijheid die je me daarbij gelaten hebt. Door
de jaren heen is jouw stimulerende invloed van essentieel belang gebleken,
niet alleen voor dit onderzoek, maar voor het hele immunologisch onderzoek bij
de vakgroep.

Dr. Gerard Beuving dank 1k wvoor zijn Iimbreng wanuit het COVP 't
Spelderholt in het onderzoek, en in de diskussies in de begeleidingskommissie.
Waardevolle bijdragen in de begeleiding zijn eveneens geleverd door ir,
Marijke Kreukniet en dr.ir. Andre Henken.

Mike Nieuwland neemt uiteraard een unieke plaats in in dit rijtje mensen.
Zonder zijm denk-, hand- en lachwerk zou nog niet de helft wvan dit
proefschrift tot stand gekomen zijn. Peter Vos heeft, met name in de latere
respiratiecel-proeven, een belangrijk deel van het (vele) monnikenwerk voor
zijn rekening genomen.

De bedrijfsleider van de pluimvee-akkomodatie, Roel Terluin, heeft, met
ziin medewerkers Arie den Dool en Aad Rodenburg, op inventieve wijze telkens
oplossingen gevonden wvoor de problemen welke ik wist te crefren. Op
vergelijkbare wijze heeft Peter van den Berg, met de verzorgers Victor

Schemkes en Wouter Hiskemuller, op uitstekende wijze de proef in de toen



splinternieuwe stal op het Spelderholt verzorgd; na van de eerste schok
bekomen te zijn. De belangeloze terbeschikkingstelling van de faciliteiten op
het Spelderholt doer de direktie van het COVP is zeer gewaardeerd.

De proeven in de respiratiecellen zouden absoluut onmogelijk geweest zijn
zonder de 24-uur-per-dag 7-dagen-per-week toewijding van ing. Prins van der
Hel, ir. Henk Brandsma, Koos van der Linden en ing. Marcel Heetkamp.

DPe hormoonassays ult de laatste hoofdstukken zijin in een prettige
samenwerking uitgevoerd door Prof.dr. E. Decuypere van de K.U. Leuven.

De (toenmalige) studenten Hilde Kock, Gerard Scheepens, Carlo van Haren,
Tom Schneijdenberg, Willem Oostenbrink, Carolien Makkink, Anja Swinkels,
Saskia Beers, Rein van de Wal en Lia Jansen zullen meer of minder van hun werk
terugvinden in dit proefschrift. Tijdens hun stage van de HAS hebben eveneens
hun steentje bijgedragen Karin van Belzen en Trienke Hofstra.

De ernstigste engelse taalblunders zijn uit de manuskripten gehaald door
Mw. Hilen West, dr. Anmemarie de Passillé en dr., Jeff Rushen.

De publikatie vwvan dit proefschrift is mede mogelijk gemaakt door
substantifle financi#le bijdragen door het LEB-feonds en het Fonds voor
Pluimveebelangen.

Alle mensen noemen die op één of andere wijze direkt of indirekt bij de
proeven betrokken zijn geweest noemen, maakt dit proefschrift nog dikker dan
het al is. Echter, niet vermeld is nog niet vergeten.

Gedurende drie jaar intensieve samenwerking is uiteraard niet alles altijd
rozegeur en maneschijn geweest. Ikzelf ben echter blij dat altijd alles
bespreekbaar is gebleken. Zodoende blik ik nu (al) terug op een prettige
periode bij een gezellige vakgroep. Bedankt,

Tot slot wil ik nog drie namen noemen. Mijn paranimfen ir. Nicolinme Socede
en Ger de Vries Reilingh hebben in de afgelopen drukke periode reeds bewezen
naast goede vriendinmen treouwe supporters te zijn. Dank, met jullie erbij kan
mij niets gebeuren de 19°. Miin kamergenoot van de afgelopen drie jaar
(dr.)ir. Harm Ploeger bedank ik voor de prettige tijden. Jouw vaardigheid op
de cursortoetsen zal ik nooit evenaren. Dat je me aan een koffie-verslaving
hebt geholpen vergeef ik je, daar kan ik prima mee leven; maar dat je
probeerde om mijn drep-hobby te ondergraven door telkens tijdens mijn
afwezigheid de voarraad uit te putten...
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Thermal influences on antibody production and metabolism im chicken lines
divergently selected for inmune responsivemess.

General Introduction.

The developments in agriculture during recent decennia are characterized by
a steady increase in specialization, mechanization and population density.
Particularly in the poultry industry large, highly automated farms have evolved
with very high concentrations of birds. With the increased population density,
the infection pressure, and consequently the incidence of infectious diseases
increased. Management precautions (isolation and strict hygiene), medication and
extensive vaccination programs minimize the risk of disease outbreak. However,
medication and vaccination programs are expensive, both in labor and drugs, and
the still occurring disease outbreaks frequently cause enormous production less,

or may even require a stamp out of the whole flock.

Selection for imrmune responsiveness
An alternative (additional) method of minimizing health-risk is that of

improving the genetic disease resistance of our flocks. A relatively simple
approach to improve disease resistance is to include in the breeding program
selection for responsiveness to a primary a-pathogenic antigen which stimulates
the immune system (Siegel and Gross, 1980; Van der Zijpp, 1982). Using sheep red
blood cells (SRBC} as antigen, three selected lines were cbtained which diverged
steadily during eight generatioms (Fig. 1A). Within each selection line (High
response, randombred Control and Low respomse line) a nermal distribution of
antibody titers prevailed (Fig. 1B), however, values in the L line congrepated
around 1, the detection limit of the present assay. The steady variation within
lines indicates the polygenic character of the selected trait. Comparable
selection in mice (Biozzi et al., 1979) involved approximately 10 independent
genes.

The chicken lines derived have been found to show comparable differences in
their response to other antigens which, like SRBC, stimulate the systemic
response (Van der Zijpp et al., 1986), but not in cellular immunity or phagocytic
capacity. Moreover, the mortality after an experimental contact infection with
Mareks' disease was found to be decreased in the H line compared to the L line,

indicating lower susceptibility for this disease (Van der Zijpp et al., 1988).



Figure 1. Total antibody titers to SRBC 5 days after immunizatiom.

H: High line; C: random bred Control line; L: low line.
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Genetype x environment interactions
Related to any such selection, other traits may change accordingly. Either

because of physiological relations with the selection eriterium, or by genetic
linkage. Monitoring possible consequences in primary productlion traits is
therefore important for the poultry industry, and is subject to study. Altered
genetic constitution also introduces the possibility of interactions with
different environments, which could undo the obtained selective advantage.

There are two major reasons for being concerned about possible genotype x
environment interactions in these lines. One reason is based on the existence of
a difference in the average bodyweight between the selection lines. The high
selection line has a lower body weight than the low line. Differences in body
weight could imply altered metabolic rate, energy and protein turnover.

The other reason is related to immunological self-regulation. Several factoers
involved in this regulation also play a role in the stress response. These two

reasons will be discussed in more detail hereafter.

Environmental temperature
Homeotherms, including birds, maintain a more or less constant body

temperature independently of enviromnmental temperature. This is possible only
within certain limits (indicated as “normothermia", Fig. 2). When the
environmental temperatures is outside these limits hyper- or hypothermia occur,

which eventually may cause death of the animal.

Figure 2. Schematic representation of relations between environmental

temperature, heat production and body temperature in homeotherms,

T.: critical temperature {After Mount, 1979),
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But also within this zone of normothermia temperature stress may be evident.
Above the upper critical temperature thermoregulatory effort has to be undertaken
to maintain body temperature constant: heat loss from the body has to be
increased, and heat production decreased. Below the lower critical temperature
heat loss from the body has to be restricted and heat production increased to
prevent hypothermia. The regulatory mechanisms to maintain body temperature
within these 1imits are neural, behavieral as well as endocrine (Hillman et al.,
1984) .

Stress and adaptation
Abrupt changes in environmental temperature or other stressful stimuli

initially provoke aspecific responses in behaviour, and in nervous and endocrine
systems (Siegel, 1980; Fig. 3). Corticosteroids and catecholamines (epinephrine
and nor-epinephrine) are some of the most potent hormones released.
Corticosteroids and catecholamines cause important changes in cellular activity
and energy mobilization, to prepare the body for acute action ("the fight or
flight" response).

Figure 3. Schematic representation of reaction pattern to stressors.
HPA: hypothylamus-pituitary-adrenal system; NS: neurogenic system;
CRF: corticotripin releasing factor; ACTH: adrenocorticotropin.
(After Siegel, 1980).
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When the stressor prolongs, specific adaptive regulation will prevail, for
example in behaviour or feed intake, to minimize the discomfort. Thyroid activity
plays an important role in acclimation to changed environmental temperature.
Thyroxine (T4) and the biologically active form triiodothyronine (T3) regulate
feed intake, and thermoregulation (reviewed by Hillman et al., 1984).

Several physiological changes induced by a stressor may be utilized to
evaluate the severity of the stressor and to compare differences in impact
between {e.g.) selection lines. Increased plasma corticosterone levels, changes
in leukocyte numbers or morpholegy, lymphatic regression and changes in acute
phase preoteins might prove useful for this purpose. Alsoc measurement of the
metabolic rate and changes therein, caused by an altered environment can provide

insight in the thermal demand of the environmental temperature on the animal.

Immunological regulation
In the vertebrates' immunclogy key functions are fulfilled by phagocytosis,

cellular immunity and the systemic respanse. The latter, the evolutionary most
refined, results in the production of highly specific and effective immuno-
globulins and the founding of immunolegical memory. This requires the integrative
action of wvarious cell types. Communication between these cells and thus
regulation of the response is realized by interleukins and through feedback on
the hypothalamo-pituitary-adrenal axis (Besedovski et al., 1983, 1986; Glick,
1984) . Antigen stimulated lymphocytes produce compounds (lympheckines) that also
stimulate CRF release in the hypothalamus (Besedovski et al., 1983, 1986) and
thus corticosteroid production (compare Fig. 3). Antigen stimulated lymphocytes
may also excrete "ACTH-like" substances (Siegel, 1987), which may directly act
on the adrenals. This corticosterone feedback is probably needed to suppress
proliferation of lymphocytes with low affinity to the antigen, and thus prevents
an over-reaction of the immune system which could cause autoimmunity (Glick,
1984; Munck et al., 1984; Besedovski et al., 1986; Trout et al., 1988). This
feedback is probably alse essential in cessation of the immune response after

the antigen has been cleared.

Temperature and stress effects on immunity .
Because some endocrine factors, especially corticosterone, are related to

both the stress response and immunclogical regulation, stressors can interfere
with immune function. If an immunological stimulus is given during a stressful
event suppression of the responses is found. In poultry, immunc suppressive
activity on antibedy production has been reported with acute heat stress (Subba
Rao and Glick, 1970, 1977; Henken et al., 1983; Thaxton and Siegel, 1970, 1972,
1973), with social stress {Gross and Siegel, 1965; Siegel and Gross, 1965; Gross
and Colmano, 1969; Siegel and Latimer, 1975; Edens et 2l., 1983, Gross, 1986) and

with administration of adrenocorticotropin hormone (ACTH) or corticosteroids

13



{Thaxton and Siegel, 1973; Gross and Siegel, 1973; Gross et al., 1980; Davison
et al., 1987, 1988,; Powell and Davison, 1986; Davison and Misson, 1987).

Metabolic activity and immunity
After an initial aspecific stress response, acclimation to an altered

situation {e.g. high temperature) will occur. After such an acclimation,
stimulatory activity on the immune system may even be evident {(Henken et al.,
1983; Anderson and Kihn, 1988). This stimulatory effect was postulated to be
associated with thyroid activity, and alterations in energy and protein
metabolism (Henken er al., 1983). Thyroid involvement in regulation of the immune
response is evident (Gause and Marsh, 1985; Kai et al., 1987, 1988, Marsh et al.,
1984a, 1984b; Mashaly et al., 1983; Scott et al., 1985; Yam er al., 1981), but
the route of action is still unclear.

The immune response itself affects the animal's metabolism. During an immune
response a reduced heat production was found, and fat deposition was favored over
pretein retention {(Henken and Brandsma, 1982; Henken et al., 1982; Siegel et al.,
1982).

Synthesis
Thus a compliex network of interference between immunity, environmental

temperature and metabolic rate is unfolding (Fig. 4). Within these, interactions
with the genotype might take place on several levels. Based on the described

observations the following possible interactions are hypothesized:

. Selection for high antibody production is based on a low level of
endocrinelogical feedback after immunization {see "Immunological
regulation”). In the high line lymphocytes can proliferate which excrete
antibodies with a relatively low affinity for the antigen. External stressors
could have a more profound impact on the immune response in high than in low
line chickens, since the adrenal corticosteroids, released after a stressor,
would easily suppress the preliferation of these lymphocytes that excrete the
"low-affinity" antibodies.

. On the other hand, if the above would prove untrue, the number of
lymphocytes excreting antibodies with high affinity to the antigen should
be increased in the high line birds. Alternatively, the proliferative ability
of these lymphocytes may be increased. These populations of lymphocytes would
not be differently sensitive to external stressors, resulting in equal
responses to stress or environmental temperature in either line. The
selective advantage in antibody production would not be lost after stressors

that cause immunosuppression.

14




Figure 4.

response and metabolic traits.
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« Selection for high antibody production may be associated to differences
in endocrine and metabolic activity between the lines. The high antibody
preducing line birds are easily stimulated by antigen, or any environmental
stimulus. These environmental stimull would cause relatively high base levels
of corticostercids. Lymphocytes adapt to these high base levels by blocking
their corticosterone-receptors, or reducing the numbers of these on their
surface, This adaptation would make the lymphocytes of this high line less
susceptible to the effects of environmental stressors. The high base levels
of corticostercoids will favor fat deposition over protein gain, resulting in
lower growth rate and small, fat birds with a relatively low feed efficiency.
» If, in contrast, the selection is not based on a physiologically functional
relation between body weight, metabolic rate and immune responsiveness, the
changes in bodyweight between the high and low selection line are based on
genetic linkage. The effects of stressors or high temperature on antibody
production would be the same in either line,

Thesis
This thesis is made up of eight papers which describe a series of experiments

in which genotype x environmental temperature interactions on the humoral immune
response and metabolism of twe chicken lines were studied.

The high and low chicken lines, which were developed at the Department of
Animal Husbandry, Agricultural University, Wageningen (Van der Zijpp and
Nieuwland, 1986) were used throughout these studies. The randombred contrel line
was not included in these studies.

The occurrence of the interaction on antibody production was studied after
acute heat stress, implicating the stimulation of the hypothalamo-pituitary-
adrenal axis, and at continuously high temperatures, providing enough time for
acclimation.

In these studies acute heat stress and high environmental temperature were
used as treatments. An important reason for this is the international character
of poultry industry, Chicken lines developed under temperate conditions should
be able to perform under tropical conditions as well. Large concentrations of
poultry production are found in hot areas of the world (central U.5.A., middle
east, south America). Furthermore, acute thermal stress can occur during
transport, during ventilation failure, or lack of wind when natural ventilation
is wused. Finally, considering thermal influences also a model for other
stressors, temperature is an experimentally acecurately regulatable stressor, with
a number of well documented effects in poultry.

Metabolism studies were performed before and during the mounting of the
immune responses, serving two aims at the same time. Firstly to compare metabolic
rate between the lines during the immune response, and secondly to obtain
information about the severity of the thermal demand placed upon the birds.

16
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Abstract

The effect of heat stress on antibody production to sheep red blood cells
{SRBC) was investigated in three experiments using chicken lines selected for
six generations on high (H) or low (L) plasma antibedy titer to SRBC after
primary intramuscular {(i.m.) immunization. Chickens were immunized 24 h after
a heat stress treatment (HS) of four perlods each of 30 min, at a temperature
of 42°C with an intervening 30 min period at a temperature of 22°C. The
control treatment (CT) involved the same handling of chicks, but at a
temperature of 22°C. Antibody titers were measured on 3, 5, 7, 10 and 14 days
pest immunization. Intramuscular immunizations of .25 ml SRBC were given in
all three experiments and an additional intravenous immunizatien of .5 ml 14%
SRBC in Experiment 2 and .5 wl 5% SRBC in Experiment 3. A significant effect
of HS treatment on antibody titers (P<,053 on days 3, 5, 7 and 10 after
immunization) was found in Experiment 1 only. Titers were decreased in the H
line only. Differences between the H and L lines were significant (P<.001) in
all three experiments and after both Iintramuscular and Iintravenous
immunizations. Heat stress was found to have little or no effect on antibody

production in these lines.

Keywords: antibody production, selection lines, heat stress, SRBC
Running title: Heat stress and antibody production.

Introduction

There 1is accumulating evidence to suggest that not only immune
responsiveness is affected by stressors, but also that antigenic stimulation
evokes hormonal and neural reacticns in the central nervous system (Ader et
al., 1987; Siegel, 1987). Thus physioclogical reactions to a stressor may be
altered by immunological stimulation along this pathway. For example,
selection for antibody production might alter stress susceptibility as a
related effeet, and thus in turn alter the effect of stress on immune
responses.

Stress effects on immune responses have been well documented (Kelley 1985;
Siegel 1987). In many experiments concerning immunosuppressive effects on
humoral responses in poultry, heat stress has been applied (Thaxton, 1%78).
Although suppressive effects of intermittent heat periods (at approximately
42°C) on antibedy production to sheep red blood cells (SRBC) have been
demonstrated in several experiments (Subba Rac and Glick, 1970, 1977; Thaxton
et al., 1968; Thaxton and Siegel, 1970, 1972, 1973), considerable variation
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in responses has been found. In some experiments, clear immunosuppressive
action was found, but the same stressor used on stock of different genetic
origin, or with another antigen was not found to be immunosuppressive and in
some cases was even immunc-stimulating (Heller et al., 1979; Regnier et al.,
1980; Kelley, 1985; Siegel, 1987). Regnier et al.(1980) could not demonstrate
imrunosuppressive action of the heat stress treatments in chickens of the same
breeds but of different genetic origin, as used by Subba Rao and Glick (1970,
1977), Thaxton et al. (1968) (New Hampshires) or Thaxton and Siegel (1970,
1972, 1973} (Athens randombreds).

Because there are apparent differences in susceptibility to heat stress,
the effects of heat stress on chicken lines of different genetic capacity for
antibody preduction need to be investigated. Demonstrable differences in
stress susceptibility may have implicatiens for the applicability of selection
programs on immune responsiveness. Gross (1986) studied the effects of social
environment on immune responses in chicken lines bred selectively for high
and low humoral response after intravenous SRBC immunization. No significant
interactions between genotype and environment were found.

In the present study, the interaction between genotype and heat stress
was investigated in chicken lines bred for humoral immune responsiveness.
Short-term heat stress was applied to lines selected for six generatioms for
high and low antibody response to SRBC {Van der Zijpp and Nieuwland, 1986).
These lines were selected based on antibody titer after intramuscular (i.m.)
immunization. As most of the studies cited used animals that had been
immunized intravenously (i.v.), both immunization routes were used in order
to investigate possible route differences. Siegel et a2l1.{1983) and Slegel and
Latimer (1984) demonstrated interactions between heat stress and antigen dose
on antibody production in experiments using Saimonella pullorum antigen.
Immunosuppression occurred only when low antigen doses were used. In our
experiments, one antigen dose was administered i.m. and two doses i.v.: one
.5 ml 14% SRBC comparable to doses given in other studies, and the other a
lower dose of .5 ml 5% SRBC.

Material and Methods

Chicks and pre-experimental conditions
Three experiments were conducted, using male and female chickens from

lines selected for high (H) and low (L) antibody titer five days post primary
i.m. immunization with .25 ml packed SRBC. Chicks were vaccinated
intramuscular against Mareks Disease on day of hatch and intra ocularly
against infectious bronchitis at two days of age, infectious bursal disease
at 15 days of age and Newcastle Disease at 22 days of age. Chicks were kept
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in groups in wire battery cages, and provided with commercial starter feed and
water ad libitum. The two sexes were kept separately and H and 1L lines were
randomly mixed. The light regime was gradually altered from 23 h light and 1 h
darkness at one day of age to 8 h light (8%%-16°® h) and 16 h darkness at 16
days of age. Over the same pericd ambient temperature was decreased from 32°C
to approximately 22°C.

Heat stress treatment
Chicks were randomly subjected to heat stress (HS) or control treatment

(CT). They were transferred from their battery cage in portable cages. At
about 9%° h  the cage with chicks undergoing HS treatment was placed in a
climate-respiration chamber approximately 1 * .8 * 1 m in size (Verstegen et
al., 1987) in which the temperature was 42°C and relative humidity
approximately 50%., At the same time, CT chicks were placed in an identical
chamber, in which the temperature was controlled at 22°C and relative humidity
approximately 50%. Treatments started randomly with either cockerels or hens.
After 30 min, the cages were removed from the chambers and treatment started
for the other sex. This procedure was repeated until both sexes had been in
the respective chambers for four 30-min perieds. In the intervening periods,
the cages containing the chickens were placed in an adjoining room, in which
the temperature varied between 20 to 25°C and relative humidity was
approximately 50%. After the temperature treatment, all chicks were returned

to their original battery cage.

Immunizations

Twenty-four hours after the beginning of the first HS/CT episode chicks
were immunized with SRBC. Immunization at this time has been demonstrated to
result in the most pronounced depression of antibody production (Subba Rao and
Glick, 1970; Thaxton et al., 1968). In the first experiment, the chickens
were immunized i.m., with 1 ml of a 25% SRBC in phosphate buffered saline (PBS)
solution in two equal portioms in the chick’'s thighs. In the two subsequent
experiments, the same i.m. immunizations were given, and additional chickens
were given intravenous immunization. These immunizations were given via the
brachial vein (vena cutanea ulnaris) by injecting .5 ml of a 14% SRBC in PBS
solution (Exp. 2} and .5 ml 5% SRBC in PBS solution (Exp. 3). The day of

immunization is hereafter referred to as day O,

Blood sampling and hemaggluiinin assay
Blood samples were taken from the brachial vein with a syringe rinsed with

a heparin solution. The blood samples of approximately 1.5 ml each, were
centrifuged to harvest the plasma, which was stored at -20°C until assayed.

Total (TO) and 2-Mercapteethanel (2ME) resistant antibody titers were assayed
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by hemagglutinin assay (Van der Zijpp and Leenstra, 1980), Titers were
expressed as log, of the highest dilution giving total agglutination.

Experimental protocol

The uniformity of antibody titers recorded within an experimental group
can be enhanced by ’'socialization' and thus increase discrimination between
experimental groups (Gross, 1986). Special attention was given iIn these
experiments to handling of the chicks ('socialization’).

In Experiment 1 the 72 chicks, equally distributed over both H and L line
and both sexes, were handled daily from 26 days of age (Fig. 1). They were
subjected to either HS or CT treatment on day 34 of age and were immunized
i.m, 24 h later. Blood samples were taken from all chicks immediately before
and after temperature treatment and on day 3, 5, 7, 10 and 14 post
immunization (Fig. 1l).

In Experiment 2 the 78 chicks, including both lines and sexes, were used.
They were handled daily from 25 days of age. Temperature treatments were
performed at 33 days of age (Fig. 1), and 24 h later 39 chickens were
immunized i.m., and the remainder fmmunized i.v. with .5 ml 14% SRBC solution.
Blood samples were drawn immediately before and after temperature treatment
and on day 3, 5, 7, 10 and 14 post immunization.

A total of 408 chicks, also equally distributed over males, females and
across H and L lines, was used in the Experiment 3. For socialization, each
chick was removed daily from the cage, placed in a box, and then replaced in
the cage. This procedure was carried out from l4 days of age. The chicks were
divided into three groups. Group I received the temperature treatment on 32
days of age, group II on 35 days of age, and group III om 42 days of age
(Fig. 1). Antigen injection, 24 h after commencing temperature treatment, was
given by both immunization routes (i.v. with .5 ml 5% SRBC or i.m. with 1 ml
25% SRBC) in each group. The distribution of chicks was full factorial: 3
groups * 2 lines * 2 sexes * 2 treatments * 2 immunization routes * &
replications. In addition within each group, line, sex and treatment, 9 extra
chickens were immunized i.v. Three of these were killed on each of day 3, 4
and 5 each post immunization for assay of the number of plaque-forming-cells
in the spleen, The plaque test results are Iincluded in a separate manuscript
(Donker et al., submitted-b), results on antibody titer assays are included
here. Blood samples were taken on day 7, 4 and 1 before immunization and day
0, 1, 2, 3, 5, 7, 10 and 14 after immunization. On the days before
immunization and on days 0, 1 and 2 post immunization, samples were taken
between 08%-09%° h and between 13°°-14%° h.; on the temperature treatment day
(-1}, this was immediately before and after the treatment. Each chick was
bled only once before immunization, once on either day 1 or 2 post
immunization, once on day 3, 4 or 5 post immunization, All chicks were bled
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on days 7, 10 and 14 post immunization. The blood sampling schedule is given
in Table 1.

Figure 1. Experimental layout.

V: Vaccinations

Daily handling
T: Treatment (heat stress or control)
I: Immunization with SRBC, (intravenous or intramuscular)

B: Bloed sampling
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Table 1. Number of blood samples!’ taken per group in Experiment 3.

Days post time

immunization 0839.093¢ 13301430
-7

-4

-1 8 16
0 16 32
1 24 24
2 24 24
3 32 + 249

&4 242

5 32 + 242

7 64

10 64

14 b4

l)l'hs number of chicks hled at any times is composed as follows:
8 =2 lines " 2 sexes * 2
16 = 2 lines * 2 sexes * Z treatments * 2 thicks
24 = 2 lines * Z sexes * Z treatments * 2 imm, routes * 1.5 chicks
2 * 2 *
H

chicks

32 = lines 2 sexes treatments 2 imm. routes * 3 chicks

64 = 2 lines * 2 sexes * 2 treatments 2 imm. routes * 4 chicks
N.B. 1: 1.5 chicks means randomly 1 or 2 within a line-sex-treatment-route group
K.B. 2: before the temperature treatment, nc treatment groups were distinguished;

before immunization, no immunization route groups were distinguished.

2)These 24 chicks were used for plaque-test assay; were i.v. immunized; plasmas were
also tested for antibody titers,

Statistical analysis

Wherever possible, each of the groups {lines, sex, temperature treatment,
etc.) contained equal number of chicks. Data were examined for normality of
distribution (Snedecor and Cochran, 1969). Values of antibody titers (To)
before day 3 and 2ME- titers before day 5 in Experiment 1 and 2, and before
day 7 in Experiment 3 showed skewed distributions, because of values of mainly
0 and 1 on these days.

In the analysis of variance (5AS5, 1985) performed within sampling day, the
factors included in the models were line (H, L), sex (male, female),

temperature treatment (HS, CT), route of antigen (i.m., i.v.; in Experiment 2
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and 2 only) and group number (I, II, III; in Experiment 3 only). Day of blood
sampling was included also for Experiment 3, when independent groups of chicks
were bled on consecutive days (for example, day 3, 4 and 5 post immunization).
Data from these days were incorporated in one analysis. Two- and three-way
interactions were tested and those that were significant (P<.05) were included
in the model. Pooled data of all three experiments were analyzed together to

test also for temperature treatment effect,

Results

Both total and 2ME-resistant antibody titers were higher in the H line
than in L line (Tables 2, 3, 4; Fig. 2, 3, 4) in all three experiments, and
after both i.m. and i.v. immunization. Higher titers were found in females
than in males (Tables 2, 3, 4), which is not unusual in these lines
(unpublished results).

In the analysis on pooled data, there were significant differences between
experiments (P<.001), and route of immunization within experiment (P<.001),
but no "overall" temperature treatment effect was found.

The significance of effects for antibody titers in Experiment 1 is
presented in Table 2. No significant temperature treatment effect was found
in L line, but there was immunosuppression in H line (Fig. 2), as indicated
by significant line * treatment interactions and the results of the T-test for
temperature treatment within H line (Table 2, Fig. 2). However, mean titers
in the heat stressed chicks from the H line were still higher than mean titers
in both heat stressed and contrel chicks from the L line.

In Experiment 2, no significant effects of sex, temperature treatment or
significant interactions of factors were found (Table 3). Total and 2ME-
resistant antibody titers were higher after intravenous than after
intramuscular immunization (Table 3, Fig. 3).

Temperature treatment also had no significant effect on total and 2ME-
resistant antibody titers after immunization in Experiment 3 (Table 4,
Fig. 4). Total and 2ME-titers increased with age of the chicks, as titers in
group 3 were higher than those in group 2, which were higher than those in
group 1. Intravenous injection of antigen resulted in higher antibody titers
in both lines. Significant interactions (Table 4) were caused by differences

in magnitude within factors, not by differences in ranking.
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Figure 2. Total antibody titer (—) and 2ME-resistant titer (— =) per line
and treatment after intramuscular immunization in Experiment 1,
Least squares means from a model including line, sex, treatment
and line-treatment interaction.
Exp. 1 Intramuscular imm.
12 Titer (leg2) H— L= line
O © HS trectmaent
10 ) | @ CT tregtment
8
&
4
w — & g
21 ~ 13-
~ ~ - e &
] SEE N e —
o 3 5 7 10 14
Cays pest immunizotlon
Table 2. Significance!’ of effects in the analysis of total (T0) and 2ME-
resistant (2ME) antibody titers (Exzp. 1)
Line- T-test for
Treatment treatment within:
Day TO/2ME Sex Line Treatment interaction H-line L-line
0 TG - - - - - -
2ME - - - - - -
3 TO ns *kk ns ns * ns
2ME - - - - - -
5 TO ke kkk ns * *% ns
ZME *dk *dk ns * * ns
7 TO * *ki ns * * ns
2ME *kk i ns ns ns ns
10 TO ns Kk ns * Fk ns
2ME *kk *xk ns ns + ns
14 TO ns *kk ns + + ns
2ME ns *okk ns *% + ns

1)

-: not tested bacause of skewed distribution of values.

ns: not significant (P>,10);

+: P<O10;

*: P<.05; *%; P<£,01; %% P< o001
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Figure 3. Mean total antibody titer (——) and mean 2ME-resistant titer
{(— =) per line and treatment after intramuscular immunization and

intravenous immunization in Experiment 2.
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Table 3. Significance!’ of effects in the analysis of total (TO) and 2ME-
resistant (2ZME) antibody titers (Exp. 2)
Immunization
Day TO/2ME Sex Line Treatment route
0 TO - - . -
2ME - - - -
3 TO * *% ns Tk
IME - - - -
5 TO ns ,dek ns Kk
2ME ns *xk ns *k¥
7 TO ns Kk ns Kkk
IME ns b ns kX
10 TO ns xRk ns ddk
2ME ns k¥ us Fkdk
14 TO ns ek ns ok
2ME ns x% ns Lt

1)

-: not tested because of skewed distribution of values.
ns: not significant (P».10);

+: P<.10; *:

P<. 15, **:

B<.Q1; #%%*:

P<.001
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Figure 4. Total antibody titer {(—) and 2ME-resistant titer {— —) per line

and treatment after intramuscular immunization and intravenous
immumization in Experiment 3. Least squares means from a model

including group, line, sex, route and treatment.
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Table 4. Significance!) of effects in the analysis of total (T0) and 2ME-

resistant {2ZME) antibody titers (Exp. 3).

Days?’ pest Imm.
Imm. TO/2ME  Group®  Sex Line Treatm. route Day*’
0 TO - - - - -
PME - - ; - . .
1+2 TO - - - - - -
2ME - - - - - -
3+445 TO *kak + Aok ns FEK *okk3)
2ME - - - - - -
7 TO ek * *k% ns P .
2ME ns ns Kk ns whk .
10 TO dokk Sedes *kk * E e
2ME ns ns *kk ns Kk .8
14 TO Fhk *kk kN ns Kk
IME + Ak ok ns P .9
1)

2)

3)

%)

3)

6)

: not applicable;

-: not tested because of skewed distribution of values;
ns: not sighificant (P> 10);
+: P<,10; *: P<.D5; f%: P<.01; #*¥: P<, 001
Day 0 included all samples taken before immunization
Group I, II, IIT
Day ©f sampling: 1 or 2; 3, 4, or 5. (day 4 i.v. only)

Significant (P<.05) Line * Day interacticn

Significant (P<,05) Group * Line interaction
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Discussion

Despite evidence that chicks in these experiments were under conditions
experienced as *"stressful" (Donker et al., submitted-a), no consistent
suppression of circulating antibodies to SRBC was found. Moderate suppression
in heat stressed chicks from the H line was found in Experiment 1 only. A
nunber of factors may be responsible for the considerable variation in
immunosuppression after heat stress as found in these experiments and the

various studies cited.

Genetics

There may well be considerable genetic differences in stress
susceptibility. Thaxton and Siegel (1970, 1972, 1973) found suppressive
actions of heat stress on humoral immune responses in chicks from an Athens
randombred line selected for high stress susceptibility (Regnier et al.,
1980; Thaxton, personal communication). Similar results were aobtained by
Thaxton et al. (1968) and Subba Rao and Glick (1970, 1977) in chicks from a
New Hampshire line selected for high bursa weight. Regnier et al. (1980) also
used Athens randombreds and New Hampshires. These Athens randowbreds, however,
were from the outbred population and not the inbred line. The New Hampshires
were obtained commercially and thus not from the high bursa weight line. Yet
in thelr experiments, no immunosuppression was found after the same heat
stress treatment.

Siegel (1987) demonstrated that, after application of a stresser, more
corticosteroids were bound in thymus cells from a line selected for high
stress response than in the low response line. Immunosuppression is, at least
partially, mediated by corticosteroid binding in lympheoid cells (Thaxton and
Siegel, 1972; Siegel, 1987). If, as a consequence of selection for other
traits, elevated corticosteroid binding in lymphoid cells occurs, increased
stress susceptibility can be expected. However, both lines used in our
experiments might bind few corticosteroids in lymphoid cells and thus be

relatively unsusceptible to stress effects.

Antigen presentation

Antigen dose and route of immunization may have led to differences in
results obtained. Siegel et al. (1983) and Siegel and Latimer (1984)
demonstrated differences in suppressive action which were related to antigen
concentration. They demonstrated a interaction between Salmonella pullorum
antigen dose and heat stress or ACTH injection in White Rock chicks. Heat or
ACTH was found to have a suppressive effect only at low antigen deses. In the

experiments cited, SRBC was administered intravenously. The dose was, at least
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in Thaxton'’s experiments, the lowest that gave an optimal response (Thaxton,
pers. comm., 1987). In our experiments, several intramuscular immunizations
were given, with a dose that could be considered high (.25 ml packed SREC).
Results obtained after intravenous immunization, however, were comparable to
those obtained after i.m. immunization. The 1.v. dose injected in Experiment 2
(.5 ml 14% SRBC) was the same as used in many of the experiments cited (1 ml
7%) (Regnier et al., 1979; Subba Rao and Glick, 197G, 1977; Thaxton et al.,
1968; Thaxton and Siegel, 1970, 1972). The i.v. dose used in Experiment 3 can
be considered to be "lowest optimal dose" for these lines; deses lower than
this showed a rapid decline in antibody titers {unpublished results). Yet, the
only significant suppression in antibody titers was found in chicks after i m.
immunization (Exp. 1). Both routes of antigen injection and all doses used

showed clear differences between the two selection lines.

Socialization
Socialization or adapting chicks to handling reduces the inter-treatment

variation in immune responses (Gross and Siegel, 1979%, 1982; Gross, 1986),
leading to more consistent results between experimental groups. Beuving and
Vonder (1978, 1986) demonstrated a rise in plasma corticosterone after
handling. Freeman et al. (1979) found that after several daily injections of
corticotrophin, a rise in plasma corticosterone still occurs, together with
hyperglycemia, but neutralization of these responses is quicker, thus
demonstrating habituation. The same phenomenon might occur after daily
handling, leading to increased capacity to deal with a stressor. Indications
of this were found by Bowen and Washburn (1985), whe found a reduced rise in
plasma corticosterone levels after an 1 h heating episode, when chickens were
extensively handled on four preceding days. Thus in our experiments, the
increased attention given to handling may have had the opposite effect than
we intended. Gross (1986) found consistent differences in antibedy titers
between two lines selected for high and low response to SRBC. He kept chicks
under wvariocus social environments. Results with different antigens were
essentially the same in all environments, but most pronounced when chicks had
been socialized.

Differences between the high and low selection lines were consistent
throughout the experiments, both for total and 2ME-resistant antibody titers.
Apart from the moderate suppression found in Experiment 1 in H line, no
evidence was found for increased or decreased stress susceptibility in one of

these lines.
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Abstract

Physiological responses were measured during studies to investigate the
influence of heat stress on humoral immune response in chicken lines selected
for imrune responsiveness (Donker et al., submitted). During four consecutive
periods of 30 min each at 42°C, cloacal temperatures and plasma corticosterone
levels were increased and decreased again in intervening 20 min periods.
Plasma corticosterone levels also rapidly decreased after the total heating
episode. Leukocyte counts (heterophils, lymphocytes and the
heterophil/lymphocyte ratio) did not change during or after heat stress
treatment, nor did hematocrit percentage. Weight loss during the treatment
period was greater in heat stressed chickens than in contrel chickens. Changes
in albumin and fibrinogen levels did not differ between heat stressed or
control chickens.

After immunization, given 24 h after the beginning of the heat or control
treatment, marked changes in leukocytes counts were detected. The initial
decrease in heterophils and heterophil/lymphocyte ratio, which was more
pronounced after intramuscular than after intravenous immunization was
followed by an increase in levels 24 h after immunization. Plasma levels of
albumin and fibrinogen were increased three, four and five days after

intravenous Immunization but not after intramuscular immunization.

Keywords: selection lines, heat stress, corticosterone, body temperature
heterophil/lymphocyte ratio, acute phase proteins, SRBC
Running title: Heat stress and physiology.

Introduction

Heat stress is a frequently occurring factor which can have a negative
effect on poultry production. It can directly influence production by reducing
feed intake and growth, or in extreme situations, increased mortality may
occur. Indirectly, heat stress can reduce immune responsiveness (Thaxton,
1978; Siegel, 1987). Genetic differences in stress responses {(Edens and
Siegel, 1975, Gross and Siegel, 1985) and heat tolerance occur (Bewen and
Washburn, 1984). A number of studies have been carried out on the effect of
heat stress on antibody production in two chicken lines that genetically
differ in immune responsiveness (Donker et a2l., submitted)}. To assess the
severity of heat stress in these studies, and possible differences in heat
tolerance between these lines, physiological data were gathered during these

experiments, which are described in this paper.
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Because chickens are homeothermic they will attempt te maintain body
temperature within their comfort zone. Therefore measurements of hyperthermia
can serve as assessment of the degree of heat stress encountered. In addition
to convection, the almost scle mode of heat loss during hyperthermia in birds
is through evaporation {(Barnas and Rautenberg, 1987). Weight loss, due to
evaporative losses could therefore be another simple indicator of heat stress.
More generally, increased plasma corticosterone levels are used as an estimate
of stress of various kinds, both in mammals and poultry (Siegel, 1987).

Changes in blood leukocyte counts have been frequently found after
stressful situations. In poultry, lymphopenia (Ben Nathan et 1., 1976; Heller
et al.,1979), heterophilia and increased heterophil/lymphocyte ratios
{Chancellor and Glick, 1960; Gross et al., 1980; Gross and Siegel, 1983) have
been reported after heat stress.

In this study two "acute phase proteins” were also measured, to evaluate
their value as a possible additional measurement of stress. The acute phase
response is a complex physiological reaction, found in animals after a variety
of injuries, including infection and mechanical or thermal trauma {(Kej and
Gordon, 1985; Kushner, 1982; Pindyck et al., 1983). During such a response
both local and systemic changes occur., Plasma levels of several "acute phase
proteins" are affected during these responses.

In the experiments described in this paper heat stress periods of 30 min
at a temperature of 42°C were given. The following were considered as
parameters of heat stress: cloacal temperature, weight loss, leukocyte numbers

and plasma corticosterone, albumin and fibrinogen levels.

Material and methods

Chicks from the sixth generation of lines selected for high (H) and low
(L) antibody production to SRBC (Van der Zijpp and Nieuwland, 1986) were used
in three experiments. These chickens were vaccinated agalnst Mareks Disease
on day of hatching and against infectious bronchitis, Newcastle Disease and
Gumboro on 2, 15 and 22 days of age, respectively (Donker et al., subnitted).

After a period of daily handling for socialization purposes (Fig. 1),
the chicks were subjected to a heat stress (HS) or contrel (CT)} treatment.
Those undergoing heat stress treatment were placed in a portable cage in a
climate respiration chamber (Verstegen et al., 1987) at a temperature of
42°GC. After 30 min the cages were removed from the chamber and set in an
adjoining room at an ambient temperature of approximately 22°C for 30 min
After four of these 30 min periods at 42°C, with 30 min intervals, the chicks
were returned to the battery. The control group was subjected to the same
procedure but at a temperature of approximately 22°C in the respiration
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Figure 1. Experimental layout of Experiment 1 and 3.

V: Vaccinations

Daily handling
T: Treatment (heat stress or control)
I: Immunization with SRBC, {intravenous or intramuscular)

B: Blood sampling
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chamber. Twenty-four hours after beginning the treatment chicks were immunized
with sheep red blood cells (SRBC) intramuscularly (i.m., 1 ml 25% SRBC, in
both experiments) or intravenmously (i.v., .5 ml 5% SRBC, Exp. 3 ouly) {(Donker
et al., submitted). The day of immunization is hereafter referred to as day
0; thus day of treatment is day -1.

Experiment !

A1l 72 chicks (equally distributed over H and L line and both sexes) in
Experiment 1 were bled from the brachial vein (vena cutanea ulnaris) with a

heparinized syringe Immediately before (approximately 9°° h) and after
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