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STRESS AND IMMUNE FUNCTION : A BIBLIOGRAPHIC REVIEW

K. W. KELLEY1

Department of Animal Sciences, Washington State University, Pullman, WA 9916,! U. S.A.

Résumé

STRESS ET FONCTIONS IMMUNOLOGIQUES : UNE REVUE BIBLIOGRAPHIQUE. - Des fac-
teurs de stress liés à l’environnement sont impliqués dans l’étiologie d’importantes maladies du
bétail y compris la gastroentérite transmissible du porcelet, la maladie de Newcastle et de Marek
du poulet et la « fièvre des transports » des bovins. Malheureusement très peu de recherches ont
été entreprises pour étudier la manière dont le stress modifie la résistance de l’hôte bien que
l’atteinte du système immunitaire soit généralement admise. Huit facteurs de stress caractéristi-
ques de l’élevage intensif ont été discutés : chaleur, froid, surpeuplement, mélange, sevrage, ali-
mentation en quantité limitée, bruits et contraintes. Chacun de ces facteurs modifie le système
immunitaire des animaux. Les changements observés dans la fonction immunitaire pourraient
expliquer les bases physiologiques des interactions maladie-environnement. L’étude approfondie
des modifications de la résistance de l’hôte induites par le stress pourraient aussi constituer la
base scientifique pour une prophylaxie thérapeutique efficace. Des expériences mieux contrôlées
sont nécessaires pour étudier la manière dont le stress modifie la sensibilité des animaux aux
maladies infectieuses ou non.

The social and physical environment of
animals and humans has long been implicated
in the etiology of infectious diseases.
Hippocrates emphasized the importance of the
total environment when studying the cause of
diseases (cited by Top, 1964). In domestic
animals, several empirical observations
suggest that stressful environmental
conditions alter host resistance. However,
controlled experiments on adverse
environmental stimuli and animal health are
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meager, and the results of some experiments
are enigmatic. Yet, even though the effects of
stress on animal health are incompletely
understood, minimizing environmental
stressors is often considered a panacea.
Indeed, reducing stress is the basis for many
herd health programs. A thorough
understanding of animal health requires that
the interaction between stress and disease be
studied. Scientific information is needed to
answer clinical problems that occur in the
field. Current dogma must be evaluated in the
perspective of new scientific studies.

Top (1964) reviewed historical, epidemi-
ological and clinical evidence that emphasized
the role of environment as one of the three



important components of the doctrine of

multiple causation. In many of these studies
and others, the adverse effect of environment
on the incidence of infectious diseases, such
as influenza and poliomyelitis, was attributed
to enhanced survival or transmission of

pathogens outside the host (Lidwell et al.,
1965; Andrewes, 1964; Spicer, 1959 ;
Armstrong, 1950 ; Wells, 1944). Direct
environmental effects on host resistance were
not clearly delineated.
There can be little doubt that temperature

affects the transmission and proliferation of a
microbe within and outside an animal’s body.
For example, environmental temperature may
directly affect a parasite or a vector that is part
of the life cycle of the parasite. If body
temperature is changed by hot or cold
weather, the virulence or generation time of
certain pathogens may be altered. Cold
weather may cause animals to remain indoors,
which may indirectly enhance spread of the
microbe. Cold weather may also dictate that
ventilation rates be reduced, thereby causing
an accumulation of microorganisms inside an
animal structure. Social stressors, such as

crowding and mixing, may cause open
wounds or increase the rate of contact with an
infected animal. However, the physical and
social environment in which animals are raised
can also directly affect host resistance. This
concept has not been widely recognized by
the scientific community.

Weather extremes are important, pragmatic
stressors that affect the production of dom-
estic animals. Therefore, most of the research
emphasis with stress and animal health has
been devoted to the study of hot and cold
ambient conditions. Other diverse kinds of

environmental stimuli that do not alter air or

deep body temperature can also cause

changes in immune function. Fear,
frustration, maintenance of social dominance
hierarchies and separation of neonatal animals
from their mother cause alterations in the
immune system. It is likely that all of these
diverse types of environmental stimuli
constitute a stressor, and that the nonspecific
stress response directly alters specific immune
events in the host. These stress-induced

changes in immune function may cause

alterations in the susceptibility of animals to
disease.

There is increasing evidence that environ-
mental stressors directly alter host resistance.

Relatively recent advances in immunology
suggest that these changes in host resistance
are mediated by changes in specific compo-
nents of the immune system. Indeed, Soper et
a/. (1978) reported that mitogen-induced blas-
togenesis in dairy cows was reduced in the
winter and elevated in the summer. This sea-
sonal variation led the authors to conclude the

following : a It has been assumed that the
increased incidence of disease during the win-
ter housing season was solely due to confine-
ment of cattle, but the observations in this

study suggest there may be a lessened
immune response of the host during this
time ».

Selye (1976) defined « stress » as the non-
specific response of the body to any demand,
and « stressor » as the environmental stimulus
that provokes the stress response. As early as
1936, Selye described the reaction of labora-
tory animals to environmental stressors and
characterized the General Adaptation
Syndrome. Subsequent research in several
laboratories showed that the symptoms of
diverse types of acute stressors included
adrenal hypertrophy, gastric ulcers, involution
of the thymus and other lymphoid organs,
lymphocytopenia, eosinopenia and neutrophi-
lia. There is also evidence acute stressors
cause thymic involution and atrophy of gut-
associated lymphoid tissue (GALT) in calves
(Hartmann et al., 1976a1. Now, over 40 years
after Selye’s initial report, it is well accepted
that the thymus and lymphoid cells are intima-
tely involved in host defense mechanisms

against infectious diseases. Neonatal thymec-
tomy increases the susceptibility of animals to
infections, causes lymphopenia, retards skin
graft rejections, reduces antibody synthesis to
T cell dependent antigens and causes slow
growth and diarrhea (Miller, 1961; 19621. Adult
thymectomy may also reduce suppressor cell
function (Janeway, 1973), alter helper
function (Simpson and Cantor, 1975) and
deplete theta-positive spleen cells (Cantor et
a/. , 1975). Therefore, the association between
environmental stressors and lymphoid
dysfunction may be the critical link between
host resistance and environmental changes.

During the past decade, several reviews
appeared which established the relationship
between environment and disease (Siegel,
1971, 1980 ; Roberts, 1979 ; Cheville, 1979 ;
Thaxton, 1978 ; Weiner, 1977 ; Selye, 1976 ;
Hudson et al. , 1974; Levi, 1971-1980 ;



Webster, 1970). Most of these papers dealt
with the effects of thermal stressors, and two

reports (Roberts, 1979 ; Thaxton, 1978)
concentrated on immunological mechanisms.
Weiner (1977) and Levi (1971-1980) also
implicated social stressors in noninfectious
and certain autoimmune diseases. For

instance, at least seven noninfectious diseases
in humans have been shown to be influenced
by psychosocial factors : Grave’s disease,
essential hypertension, rheumatoid arthritis,
ulcerative colitis, duodenal ulcers, bronchial
asthma and regional enteritis.

Unfortunately, the literature on stress and
immunity is scattered in diverse scientific

journals. Therefore, the objectives of this
review are to : firstly, establish a link between
environmental stressors and the susceptibility
of animals to disease ; secondly, show that
both physical (heat and cold) and emotional
(avoidance learning and restraint) stressors

alter host resistance ; thirdly, demonstrate
that several different kinds of stressors affect
immune function, and fourthly, delineate

problem areas and suggestions for future
research. The physiological mechanisms that
mediate these stress-induced changes in
immune function are not emphasized, but
certain stress-induced hormonal changes have
been recently summarized (Stephens, 1980 ;
Trenkle, 1978). Similarly, because the

separation of « acute » and « chronic »
stressors is somewhat arbitrary, and because a
detailed description of experimental methods
would be too bulky, the stressors in most of
the publications were simply classified as heat,
cold, weaning, etc. A detailed treatise of the
effects of acute stressors, chronic stressors,
acclimation and acclimatization should be

addressed separately in another paper.

In the present review, eight stressors have
been identified that typically occur on farm
production units. These stressors have been
demonstrated to affect certain components of
antibody- and cell-mediated immunity in
homeothermic animals. Experiments that were
conducted in vivo have been emphasized. At
the risk of gross oversimplification, tables 1

through 4 summarize these stress-induced
changes across experiments, age, species,
degree of stress and acclimation status. This
summarization should be used only as a guide.
Some references are provided in the tables,
but a more complete documentation of these
responses is provided in the text.

Heat stress

Susceptibility to infection

Heat stress increases the susceptibility of
many animal species to infectious diseases. In
a thorough study conducted by Juszkiewicz et
a/. (19671, heat stress at 36 °C reduced the sur-
vival time of 12-week-old chickens inoculated
with a virulent strain of Pasteurella multocida
and generally increased nonspecific bacterial
flora in various organs. Other reports showed
that heat stress increased the susceptibility of
mice to pneumococci (Larson et al., 1939 ;
Junge and Rosenthal, 1948), a hemolytic
strain of streptococci (Colvin and Mills, 1939)
and bacterial endotoxins (cited by Webster,
1970 ; Atwood and Kass, 1964). If there were
a rapid change in air temperature after an
infection with pneumococci, host resistance
was reduced (McDowell, 1923). However, op-
posite results were obtained if rats were

permitted to acclimate to a warmer tempera-
ture. An air temperature of 35 °C also reduced
the mean lethal dose (LD50) of mice to

bacterial endotoxin (Previte and Berry, 1962).

Interestingly, Arnold (1929) showed that
heat stress increased the numbers of microbes

passing through the stomach and small intes-
tine. This finding suggested that the bacteri-
cidal capacity of the upper gut may have been
compromised by heat stress. Bennett and
Nicastri (1960) pointed out that elevated body
temperature activates latent herpes simplex
virus in man, which leads to the appearance of
fever blisters. These authors also cited early
research which indicated that high tempera-
tures increased mortality in animals that were
infected with several gram-negative bacilli

(e.g., dysentery, typhoid).
In some cases, the effect of elevated tem-

perature on host resistance is less clear. In rab-
bits, the ultimate outcome of Pasteurella mul-
tocida infection depends on the degree of
hyperthermia (Vaughn and Kluger, 1977). Fur-
thermore, an elevated air temperature at 43 °C
for two days does not reactivate an avian
influenza virus in turkeys (Robinson et al,
1979).

It is interesting that hyperthermia has been
shown to enhance the resistance of mammals
to several diseases. Host resistance to viral
diseases seems to be particularly enhanced. In n
mice, elevated air temperature increased host
resistance to rabies virus (Bell and Moore,





1974 ; Bell et aL, 1977), Coxsackie virus

(Boring et al., 1956 ; Walker and Boring,
1958), St. Louis encephalitis (Li!!ieefa/., 1937)
and herpes simplex virus (Lycke et al., 1971 ;
Schmidt and Rasmussen, 1960 ; Armstrong,
1942). Similar results were obtained with

canine herpes virus in puppies (Carmichael et
a/., 1969), an attenuated myxoma virus in rab-
bits (Marshall, 1959) and transmissible gas-
troenteritis in pigs (Furuuchi and Shimizu,
1976 ; Shimizu et a/., 1978). Perhaps this
reduction in susceptibility was related to inter-
feron, because exposure of rabbits to an

ambient temperature of 35 °C increased inter-
feron titers elicited by Newcastle disease virus
(Postic et al., 1966). However, interferon in-
duced by Escherichia coli endotoxin was
unaffected.

Bennett and Nicastri (1960) cited studies
that were conducted late in the nineteenth

century which showed that elevated air tem-
perature enhanced the resistance of animals to
staphylococci, pneumococci and anthrax
bacilli. High temperature and humidity have
also been suggested to reduce the incidence
of mycoplasmal pig pneumonia (Gordon,
1963). In mice, an air temperature of 35 °C
(moisture level unknown) reduced the mor-
tality of animals that were infected with

trypanosomes ; heat stress was more effective
in reducing mortality with some species of the
parasite than with others (Otieno, 1972).
Identical results were also reported earlier in
rats and mice (Kolodny, 1940 ; Amrein, 1967 ;
Marinkelle and Rodriguez, 1968). In contrast,
Kligler (1927) reported little effect of a mod-
erate heat stress on T. evansi infection.
Elevated air temperature enhanced the resist-
ance of mice to Mycobacterium marinum
(Clark and Shepard, 1963) and the incidence
of cryptococcosis in mice was reduced by
hyperthermia (Kuhn, 1949). Heat stress also
enhanced the resistance of guinea pigs to an
endemic typhus (Lillie et al., 1937). Host

susceptibility to several types of deep mycoses
may be reduced as well (Mackinnon, 1968).
However, a very moderate temperature of
27 °C had little effect on the susceptibility of
guinea pigs to virulent tubercle bacilli (Baetjer
and Lange, 1928).

Explanations for enhanced resistance
The conflicting reports of elevated air tem-

perature on the resistance of animals to
infectious diseases may have several

alternative explanations. In some of the

reports cited above, it is likely that the elevated
air temperature that was selected actually
provided a thermoneutral or moderately warm
environment for the animal being studied. The
low air temperature may have therefore
constituted an effective cold stress. Instead of
concluding that high ambient temperature en-
hanced resistance, an alternative explanation
would be that cold air temperature reduced
host resistance. This confounding variable
emphasizes the need for describing the age,
acclimation status, physical environment and
physiological thermoregulatory responses of
the experimental animals.
The differential effect of heat stress on host

resistance also depends on whether or not the
animals are immune to the challenge organism
at the time of exposure. In a series of well-
controlled experiments, lpsen (1952) reported
that when mice were immunized at 35 °C with
tetanus toxoid and then challenged with
tetanus toxin at 25 °C, fewer mice died. This
response was greatest at low doses of toxoid.
However, elevated air temperature shortened
the survival of non-immune mice to tetanus
toxin, an effect which was particularly
pronounced at sublethal doses (Ipsen, 1951).
Presumably, elevated ambient temperature
enhanced the pathological effects of the toxin.
This detrimental effect was ameliorated if mice
were vaccinated with the toxoid at a high tem-
perature and challenged at a thermoneutral
temperature. One simple explanation of these
data could be as follows : if a non-immune
mouse encountered tetanus toxin during the
hot summer, death would probably occur.
However, if the mouse survived this initial
encounter with the toxin and was again
exposed at normal temperatures, immunity
would be enhanced. These data emphasize
that the immune status of the experimental
animals is important and should be thoroughly
tested and reported.

Beneficial effects of high air temperature on
host resistance may be explained by a direct
reduction in the virulence of proliferation of
microbes per se. Indeed, temperature is often
used as a selection tool for the growth of dif-
ferent microbes in vitro. This topic is beyond
the scope of this paper and has been reviewed
recently by Rodbard et al. (1980). These
authors, as well as Lwoff (1959), Carmichael
and Barnes (1969) and Bennett and Nicastri
(1960), cited reports of the direct effect of
temperature on the growth of several viruses



and bacteria, particularly poliomyelitis virus,
pneumococci, gonococci and herpes simplex
virus. In addition, Mackinnon (1968) discussed
information which suggested that elevated

temperature was particularly detrimental to

several types of mycoses.

Effects of temperature on host resistance
are probably not entirely explained simply by a
direct effect on the microbe. Indeed, the
hypothesis that fever or differences in body
temperature among several animal species is
entirely responsible for changes in the resist-
ance of animals to disease because of the tem-
perature preferendum of the invading microbe
is quite speculative. With many of the studies
cited above, growth of a microbe that was
incubated at different temperatures in vitro

may not reflect growth of a microbe in the
cells of a hyperthermic or hypothermic animal
that is responding to a thermal stressor (Bell et
al., 1977). Bennett and Nicastri (1960) clearly
delineated the exacting conditions that must
be demonstrated to prove that hyperthermia
affects host resistance to infections. They
gave several examples of diseases that
ostensibly were not affected by body tempera-
ture. Although temperature of the host or of
the host’s tissues most certainly affects the
growth of microbes, it is unlikely that changes
in body temperature alone can explain the
effects of hot and cold weather on host resist-
ance.

Several lines of evidence suggest that the
change in the resistance of heat- and cold-
stressed animals is caused by stress-induced
alterations in immune function. First, en-

hanced growth of a microbe does not always
translate into clinical disease. For instance,
Rodbard et aL (1980) noted that elevated tem-
perature enhanced the growth of some strains
of Trypanosoma cruzi, yet elevated ambient
temperature also enhanced host resistance to
this organism (Marinkelle and Rodriguez,
1968 ; Amrein, 1967 ; Kolodny, 1940). Indeed,
because heat stress increased rectal tempera-
ture less than 1.3 °C. Marinkelle and

Rodriguez (1968) concluded that heat stress
did not affect the growth or virulence of

trypanosomes.They concluded that heat
stress altered the immune system. Rodbard et
a/. (1980) also noted that the rickettsial
organism that caused typhus grew fastest at
higher temperatures, but that only a reduced
body temperature permitted growth of
rickettsia in the peritoneal cavity. Further-

more, cold stress reduced the resistance of

pigs to transmissible gastroenteritis (TGE) and
of mice to Salmonella typhimurium, but

growth of the microbes was relatively un-

affected by air temperatures within homeo-
thermic limits (Furuuchi and Shimizu, 1976 ;
Miraglia and Berry, 1962). Also, both hot and
cold conditions impaired the growth of

Mycobacterium leprae in mice (Shepard,
1965), but only cold air resulted in clinical dis-
ease.

Other lines of reasoning suggest that

changes in body temperature cannot entirely
account for alterations in the resistance of
heat- or cold-stressed animals. For example,
hot or cold ambient temperatures may not
always cause changes in core temperature,
but may simply invoke thermoregulatory re-

sponses. Also, since temperature-sensitive
mutants are available for many microbes, it
would be likely that in the long run in hot or
cold environments, a microbe would adjust to
its surroundings and be able to survive (Rod-
bard et al., 1980 ; Lwoff, 1959). Finally,
several other stressors that do not alter body
temperature also cause changes in the suscep-
tibility of animals to infectious diseases. For

example, both cold and psychological stres-
sors reduce the resistance of mice to

Coxsackie B virus. Therefore, it is likely that
stress-induced changes in immune function
are at least partly responsible for changes in
the susceptibility of heat- and cold-stressed
animals to several infectious diseases.

Hyperthermia could enhance host resist-
ance by causing a secondary enhancement in
certain components of the immune system. If
thermal stress causes a large change in core
body temperature, the effects of temperature
on virulence of the microbe and changes in
host resistance are difficult to separate. This
problem can be approached by using non-
infectious agents. Roberts (1979) recently
presented an excellent review of the effects of
changes in body temperature on disease-
defense mechanisms of the host. However,
many experiments were conducted by heating
lymphoid cells in vitr,o. These studies may not
yield similar results when animals are heated in
vivo. This disparity could occur because heat
stress does not always result in hyperthermia,
and hyperthermia may occur without an in-
crease in environmental temperature, as in the
case of fever (Kluger, 1978). Indeed, it is very
important to differentiate between animals



whose set point temperature does not change
(acute thermal stressor) and animals that truly
display a different set point temperature
(fever ; see review by Bernheim et al., 19791.
Therefore, because of thermoregulatory re-

sponses that occur in vivo in heat-stressed
animals, results of in vitro studies may not be
applicable to normal animals that are exposed
to hot or cold weather. The van’t Hoff effect

may also explain some of the enhanced
immune responses that occur in vitro.

Blood leukocytes and antibody
Heat stress has been shown to affect passi-

vely acquired, antibody-mediated immunity in
bovine neonates. In dairy calves, elevated
ambient temperature has been suggested as a
cause of reduced absorption of colostral IgG,
(Stott et al., 19761. Lowered serum immuno-

globulin was associated with a higher morta-
lity rate and elevated serum corticosteroid
concentrations. The latter correlation appears
to be a spurious relationship because

premature closure of the intestine cannot be
induced by administration of exogenous
corticoids (Stott, 1980).

Heat stress causes changes in active

antibody-mediated immunity and peripheral
blood leukocytes of several animal species.
The combination of elevated ambient and dew
point temperatures has been reported to re-

duce the ability of puppies to respond to a
distemper virus vaccine but not to affect the
antibody response to a hepatitis vaccine
(Webster, 1975). Heat stress also increased
the half-life of syngeneic (Casey, 1973) and
xenogeneic (Stark, 1970) immunoglobulin in
mice and reduced the number of leukocytes in
the blood of chickens (Regnier and Kelley,
1981 ; Heller et al. , 1979 ; Nathan et al. , 1976).
In cattle, hot air at relatively high humidity
levels or adrenocorticotropic hormone increas-
ed the number of blood leukocytes
(Gwazdauskas et al. , 1980 ; Wegner et al. ,
19761. However, this effect was achieved via a
significant reduction in the lymphocyte :
neutrophil ratio. Similar to other reports (Lee
et al. , 1976 ; Paape et al. , 1973), recent results
in our laboratory demonstrated that a less

severe, chronic heat stress in young calves did
not affect the number of peripheral blood

lymphocytes, monocytes, neutrophils,
eosinophils or basophils (Kelley et al.,
manuscript in preparation). However, serum
IgG, concentration was reduced by the two-

week exposure at 35 °C, and serum IgM was
unaffected..Moderate heat stress with

relatively low moisture content also reduced
goblet cell numbers in the respiratory
epithelium of calves (Jericho and Magwood,
1977), whereas the change in the number of
goblet cells in the trachea of rats was increas-
ed by hot, dry air (Jones et al., 19711. 1 .

In certain strains of New Hampshire and
Athens Randombred chickens, a short,
intermittent heat stress reduced both develop-
ing and circulating antibody (Thaxton and
Siegel, 1970, 1972, 1973 ; Subba Rao and
Glick, 1970 ; Thaxton et al., 1968). This
reduction depended on the time of immuniz-
ation relative to initiation of stress.

Subsequent research, however, has shown
that this immunosuppression did not occur in
outbred New Hampshire, Athens Random-
bred, White Rock or Leghorn breeds (Regnier
et al., 19801. Indeed, a more severe heat stress
applied within four days of immunization
caused an opposite effect : antibody titers to
both sheep erythrocytes (SRBC) and
Escherichia coli were elevated in Rhode Island
Red x Leghorn chickens (Heller et al., 1979).
Paradoxically, this increase was associated
with significantly elevated plasma
corticosterone and ascorbic acid. Clearance of
Staphylococcus aureus was also enhanced in
the heat-treated chickens. Similarly, elevated
ambient temperature has been reported to

increase the clearance of carbon particles from
the blood of rabbits (Donald, 1972).

Research with guinea pigs has clearly
shown that hyperthermia reduces the severity
of anaphylactic shock (Gottschall etal., 1944 ;
de Kruif and Simpson, 1941 ; Goldman, 1939).
Morgan et al. (1976) demonstrated that heat
stress reduced bovine serum albumin (BSA)-
induced systemic anaphylaxis in chickens
without reducing serum titers of anti-BSA
antibodies. It is possible that the heat stress
altered effector functions of a reagenic
antibody without affecting the absolute
amount of BSA antibody in the systemic cir-
culation. This finding also suggested that
other immune processes may have been alter-
ed by heat stress, such as antigen-antibody
avidity, degranulation of mast cells and
basophils or the synthesis, release or binding
of vasoactive amines.

Cell-mediated immunity
When birds were exposed to a chronic, five-

day heat stress at 36 °C, a significant sup-



pression in the expression of dinitrofluoro-
benzene (DNFB) contact sensitivity reactions
and phytohemagglutinin (PHA) skin tests was
observed in New Hampshire but not in White
Rock chickens (Regnier and Kelley, 1981).
Furthermore, peripheral blood leukocytes
from heat-stressed birds of both breeds ma-
nifested an impaired capability to blast in vitro
in response to the mitogen PHA (Regnier and
Kelley, 1981). These results contrast with

blastogenesis data obtained with heat-
stressed calves, but the nature of the assays
was different. In calves, mononuclear cells
were separated from blood on Ficoll-Hypaque
gradients, whereas in chickens the cells were
cultured with whole blood. Therefore, it is un-
known whether the cell population per se was
affected in heat-stressed birds, or whether the
immunosuppression was mediated by serum
factors. The incubation of normal chicken

peripheral blood lymphocytes at 40 °C also re-
duced mitogen-induced blastogenesis
(Maheswaran and Thies, 1975). However, this
latter report contrasts with the work of Lee
(19781, in which an in vitro incubation at 41 °C
enhanced blastogenesis of avian lymphocytes.

In mammals, the effects of elevated incu-
bation temperatures in vitro are also equivocal.
With rats, an incubation temperature of 40 °C
has been reported to reduce mitogen-induced
blastogenesis of peripheral blood lymphocytes
(Hirsch et al., 1977). However, when normal
human lymphocytes were cultured in vitro at
elevated ambient temperatures, a significant
increase in mitogen- and antigen-induced
lymphoblastogenesis was reported
(Lauwasser and Shands, 1979 ; Smith et al.,
1978 ; Ashman and Nahmias, 1977 ; Roberts
and Steigbigel, 1977). The production of
leukocyte migration inhibition factor by
human leukocytes in vitro was also enhanced
by an incubation temperature of 38.5 °C
(Roberts and Sandberg, 1979). These differ-
ences probably owed to species effects and to
the degree of thermal exposure employed by
the various investigators.
The direct effect of temperature on the rates

of biochemical reactions, known as the van’t
Hoff effect (Belehradek, 1957), may also
explain some of the enhanced responses that
were recorded in vitro. This simple, positive
feddback system could increase the rate-

limiting component of an in vitro chemical
reaction, which would result in greater proli-
feration or secretion rates of cells. However,
with heat stress studies that were conducted

in vivo, physiological thermoregulatory
mechanisms may have limited the van’t Hoff
phenomenon.
With mice, a corticoid-sensitive species, Pit-

kin (1965) suggested that a short, 60 min-heat
stress reduced the expression of contact sen-
sitivity reactions to dinitrochlorobenzene
(DNCB). However, heat stress for longer
periods may yield different results. A chronic
five-day heat stress at 35 °C had little effect on
the expression of DNFB contact sensitivity
reactions in mice (Blecha, 19811. In contrast,
heat stress enhanced the expression of eva-
nescent delayed-type hypersensitivity (DTH)
reactions with SRBC. When heat stress was

applied during only the inductive phase of
these reactions and mice were subsequently
challenged at thermoneutral conditions, the in
vivo dermal swelling to both DNFB and SRBC
was significantly enhanced. These experi-
ments indicated that heat stress in mice alte-
red effector functions or the ontogeny of
immune cells. This effect depended on the
length of heat exposure and whether the ani-
mals were immune at the time of exposure
(i.e., induction or expression).

New results (Kelley et al., 1980) with four-
week-old dairy calves revealed that hot
ambient conditions (dry bulb = 35 °C ; dew
point = 21 °C) dramatically reduced the

expression of DNFB-induced contact sensi-

tivity reactions and dermal swelling in re-

sponse to purified protein derivative (PPD) in
animals sensitized with Mycobacterium
tuberculosis. The effect of stress on induction
of these responses was not investigated.
These data demonstrated that the expression
of cellular immune responses of calves was
compromised during heat stress. However,
PHA skin reactions and in vitro mitogen-
stimulated blastogenesis of purified mono-

nuclear cells were unaffected (Kelley et al., in

preparation). Plasma from heat-stressed
calves enhanced mitogen-induced blasto-

genesis of mononuclear cells from normal
calves. This enhancement was destroyed by
heating the serum for 30 min at 56 °C. These
results indicated that heat stress did not

directly affect the metabolic machinery that
was necessary for the proliferation of lym-
phoid cells. However, blood plasma from
heat-stressed calves enhanced blastogenesis
and may have altered the in vivo recruitment
of lymphocytes and macrophages by
specifically-sensitized immune lymphocytes.



Neoplasia
Schechter et al. (1978) reported the local

heating of a mammary carcinoma in rats re-

duced growth of both a primary tumor and
peritoneal metastases. Local heating of the
tumor induced a deep body temperature of
40.7 °C, or a hyperthermia of approximately
2 °C. However, when heat was applied to an-
other part of the body that did not have tumor
cells, growth of the tumor was unaffected. In
contrast, Dickson and Ellis (1974) found that
heating rats to a core body temperature of
41.5 °C for 1 h enhanced growth of distant
metastases. Earlier work showed that local
heating of the tumor was more effective than
whole-body heating in retarding the growth of
tumors (Dickson and Muckle, 1972). The
authors speculated that whole-body heating
may have adversely affected the immune
system. Although these data are not

extensively reviewed here, these results

suggested that a locally-applied, moderate

hyperthermia reduced tumor cell growth in

vivo, but that an extremely high body temper-
ature either depressed immune events that
controlled tumor growth or directly stimulated
the growth of some types of tumor cells.

Studies conducted in vitro also suggest that
the ultimate outcome of heat treatment on
tumor growth depends on the degree of heat-
ing. For instance, when spleen cells from
normothermic rats were heated at 40.5 °C in
vitro and immediately tested for their ability to
kill tumor cells, cytotoxicity was reduced by
25 % (Schechter et al., 1978). MacDonald
(1977) also reported that the in vitro exposure
of mouse cytotoxic lymphocytes to 43 °C de-
stroyed the killing of allogeneic mastocytoma
cells. However, when human lymphocytes
were heated to only 40 °C, cytotoxic T-cell re-
sponses were enhanced (Smith et al., 1978).

Cold stress

Susceptibility to infection
Several experiments have demonstrated

that the susceptibility of homeothermic
animals to infectious diseases is increased
during cold exposure. As early as the nine-
teenth century, Pasteur found that chilling
birds by immersion in cold water reduced their
resistance to anthrax, an effect which was
apparently caused by reduced phagocytosis
(cited by Rodbard et al., 1980). Ram and Hutt

(1955) reported two well-controlled studies on
the effect of cqld air temperatures on the re-
sistance of chicks that were experimentally
infected with Salmonella pullorum. In the first
experiment, 100 % of the infected chicks that
were exposed to a reduced brooder temper-
ature (28 °C) died, but the mortality was only
40 % in chicks inoculated with Salmonella

pullorum and maintained at 35 °C. The second
experiment demonstrated similar results,
although they were less dramatic.

Soerjadi et al. (1979) recently expanded on
these early studies. They infected young
chicks with three doses of Salmonella

typhimurium and exposed the chicks to a cold
(20 °C) or warm (34 °C) air temperature. Cold
air temperatures clearly increased the

shedding of Salmonella typhimurium when
birds were orally inoculated with 103 and 105
cells. However, this effect was masked when
108 cells were used, a treatment in which 75 %
of the chicks on both treatments shed the

organism. These workers also found that a
24 h-cold exposure (10 °C) increased the

shedding of organisms in 12-day-old birds that
were previously inoculated with Salmonella

typhimurium, but this shedding was less

pronounced in 20-day-old chickens. The in-

crease in susceptibility of day-old chicks to
salmonellosis induced by cold air temperatures
was also recorded by other workers (Thaxton
et al. , 1974 ; Bierer, 1961 ; Moore ei al. , 19341.
These changes in susceptibility may have been
related to the maintenance of homeothermy in
chickens (Thaxton et al., 1974). In mammals,
however, individually-housed mice maintained
at 5 °C have lower resistance to Salmonella

typhimurium and yet they remain normo-

thermic (Miraglia and Berry, 1962 ; Previte and
Berry, 1962).

Research conducted in Poland showed that
inoculation of four-month-old chickens with a
pathogenic strain of Pasteurella multocida and
exposure to - 1 °C slightly increased survival
time (Juszkiewicz, 1967). Interestingly, com-
pared to birds that were inoculated and
maintained at 18 °C, there was less growth of
Pasteurella multocida in the liver, spleen,
kidneys and lungs of the cold-stressed birds.
However, when birds were maintained at

36 °C (DP = 28 °C) for 6 h and inoculated in
the hot conditions and then subjected to - 1 °C,
the stressed birds died earlier than the similarly
infected birds that were maintained at 18 °C.



Furthermore, growth of pasteurella in the

organs was augmented in the stressed birds.
While it is likely that the immune system was
adversely affected, it is also possible that

fluctuating air temperature increased mortality
per se.

In pigs, an excellent series of experiments
showed that cold stress increased susceptibil-
ity to transmissible gastroenteritis (Shimizu et
a/. , 1978). Eight- to twelve-week-old pigs were
resistant to a virulent TGE virus when they
were maintained at an air temperature of
30 °C. However, when ambient temperature
was reduced to 4°C soon after inoculation
with the virus, pigs became highly susceptible
as evidenced by diarrhea, soft feces and

villous atrophy. Pigs maintained at 4 °C had
higher serum neutralizing titers of antibodies
against the TGE virus. The authors also report-
ed data which suggested that a fluctuating air
temperature between 20 °C and 4 °C reduced
the resistance of feeder pigs to transmissible
gastroenteritis. Although body temperatures
were not reported, studies in our laboratory in-
dicate that an air temperature of 4 °C does not
substantially alter rectal temperature of 8- to
12-weeks-old pigs. Since an air temperature of
30 °C to 40 °C is optimal for growth of the
TGE virus in vitro (Furuuchi and Shimizu,
1976), it is unlikely that body temperature
directly affected growth of the virus. Cold
stress also increased the susceptibility of baby
pigs to TGE (Furuuchi and Shimizu, 1976).

In accord with the above results, Armstrong
and Cline (1977) showed that low ambient

temperatures increased the incidence of

gastroenteritis induced by E. coli in weanling
pigs. Blecha and Kelley (1980) also de-
monstrated that cold stress increased the inci-
dence and severity of scouring in piglets that
were not experimentally infected with patho-
genic organisms. This occurred even though
feed intake of the two groups of piglets was
constant. Perhaps cold stress reduced the re-
sistance of these piglets to indigenous,
relatively avirulent organisms, thereby preci-
pitating gastroenteritis. This hypothesis was
supported by the data of Previte and Berry
(1962) with mice. Alternately, cold stress may
have altered normal physiological functions of
the gastrointestinal tract which led to more
diarrhea.

Roy et a/. (1971) found that an en-

vironmental temperature of 14.5 °C or 21 °C
had little effect on the number of young calves
with lung lesions. Interestingly, with Jersey
and Friesian calves, there was a negative re-
lationship between relative humidity and lung
lesions at 21 °C and a positive relationship be-
tween these two parameters at 14.5 °C. How-
ever, these correlations were low (< 0.25). It
would be interesting to determine if this re-

lationship remained when an index of the
absolute level of moisture in the air, such as
dew point temperature, was used as a variable
in the statistical analysis.

Mortality was doubled in young calves
when they were purchased during the winter
months than when the calves were purchas-
sed during the rest of the year (Staples and





Haugse, 19741. Temperature fluctuations were
also associated with increased calfhood mor-

tality (Martin et al., 1975a, b ; Margig et al.,
19761. The wetting of animals to create a chill
increased the severity of pneumonic lesions in
experimentally infected calves (Jennings and
Glover, 1952). In this regard, cold stress redu-
ced the clearance of bacteria from the lungs of
mice (Green and Kass, 1965) and youngs pigs,
but not older pigs (Curtis etal., 19761. Adverse
weather has also been shown to reactivate a
latent influenza virus that was carried by lung-
worms in pigs (Shope, 1955) and to increase
the susceptibility of monkeys to an influenza
virus (Saslaw et al., 19461.

Recently, Robinson et al. (1979) reported
that a cold stress at - 1 °C did not affect the
susceptibility of turkeys to an avian influenza
virus. The authors also found that a moderate
11 °C for 10 days) or severe (-18 °C for 4 days)
cold stress did not reactivate the virus. In
these experiments, however, the time of ino-
culation of the virus and initiation of cold
stress was separated by five days. It is possible
that cold stress exacerbates effects of the
influenza virus only if initiation of the stress
and exposure to the virus occur synchronous-
ly. It is also possible that the clinical symptoms
caused by the stress response varies as a

function of inoculation dose (Soerjadi et al.,
1979 ; lpsen, 1952) or the virulence of the
organism (Miraglia and Berry, 1962 ; Previte
and Berry, 1962).

Effects of cold stress on laboratory animals
have also been investigated. Cold air temper-
ature typically increases the severity of
mycotic infections in laboratory animals, an
effect which has been attributed to reduced
growth of the fungi at lower temperature
(Mackinnon, 1968). Mice held at 4 °C had a
greater mortality rate than controls when
injected with Coxsackie virus (Boring et al.,
1956 ; Walker and Boring, 1958). This effect
was clearly not mediated by adrenal cortical
hormones or acclimation to cold. Similarly, in
an excellent series of experiments, Previte and
Berry (1962) found that acclimation did not
improve the resistance of cold-stressed mice
to Salmonella typhimurium. Unexplainably, in
a study cited by Webster (1970), it was de-
monstrated that acclimation to cold stress

ameliorated the pathologic effect of an

infection with Coxsackie virus.

Cold-stress increased the incidence of se-
condary staphylococci infections in mice ; in-

terestingly, these infections did not localize,
but appeared to invade the liver, heart, lungs,
kidneys and spleen of cold-stressed animals
(Miraglia and Berry, 1963, 19621. In mice, cold
stress increased the incidence of Plasmodium

berghei infection (McQuistion, 1979), increas-
ed the susceptibility of mice to avirulent
Salmonella typhimurium and Siaphylococcus
aureus (Miraglia and Berry, 1962 ; Previte and
Berry, 1962), increased mortality induced by
Serratia marcescens endotoxin (cited by
Webster, 1970 ; Previte and Berry, 1962) and
Mycobacterium marinum (Clark and Shepard,
19631, enhanced the severity of lesions caused
by an encephalitis virus (Lillie et al., 1937),
exacerbated the incidence of death caused by
an attenuated strain of myxoma virus (Mars-
hall, 1959) and increased the severity of Bacil-
lus enteritidis infections (Kligler and Olitzki,
19311. An air temperature of 6 °C increased
the number of blood parasites in rats infected
with Trypanosoma cruzi (Kolodny, 1940).
Similar results were obtained by Kligler and
Weitzman (1926). Experimental treatments

that were sufficient to lower rectal temper-
ature by about 1°C were also effective in in-
creasing the number of rickettsiae in the
peritoneal fluid of guinea pigs, rabbits and

sheep (Castaneda, 1937). Low or fluctuating
air temperature increased the susceptibility of
rabbits (Kiorpes and Yuill, 1975) and dogs
(Carmicheal et al., 1969) to viral infections
and reduced virus-induced interferon, but not
endotoxin-induced interferon, in rabbits (Pos-
tic et a/. , 19661. Cold stress also increased the
susceptibility of hamsters to poliomyelitis
(Teodoru and Shwartzman, 1956) and an en-
demic typhus in guinea pigs (Lillie etal., 19371,
but did not affect the susceptibility of mice to
/!ymenp/9p/s nana (Weinmann and Rothman,
1967).

Extreme hypothermia increased the suscep-
tibility of rabbits to an avirulent, but not vi-
rulent, pneumococcus infection (Muschen-
heim et al., 1943). This effect may have been
due to the temperature preferendum of the
pneumococci (Bennett and Nicastri, 1960).
With mice, the reduction in resistance caused
by exposure to an 18 °C air temperature only
occurred when animals were treated with

sulfadiazine ; cold stress alone seemed to en-
hance survival (Junge and Rosenthal, 1948).
Indeed, extreme hypothermia has been report-
ed to increase the survival time of mice
infected with pneumococci (Eiseman et al.,
1964, 1956).



Antibody-mediated immunity

lpsen (1952, 1951) demonstrated that cold
air temperatures could either enhance or re-
duce the susceptibility of mice to tetanus

toxin, depending on whether or not the mice
were immunized and the dose of toxin. For

instance, more nonimmunized mice died at

lower doses of tetanus toxin when they were
cold stressed, which suggested that the LD50
for cold-exposed mice was lower than that for
normal mice. This suggestion was confirmed
with bacterial endotoxins in cold-stressed
mice : a 250-fold reduction in the LD50 was

observed with heat-killed Salmonella typhi-
murium and the LDso to the lipopolysaccharide
of Serratia marcescens was reduced about 10 0
times (Previte and Berry, 1962). When high
doses of the tetanus toxin were used in non-
immunized mice, an opposite effect occurred :
an air temperature of 10 °C enhanced survival
to tetanus toxin. A similar effect occurred
when mice were immunized at 25 °C but were

challenged at 6 °C. Perhaps the elevated
metabolic rate of the cold-stressed mice in-
creased clearance of the toxin. However,
when mice were immunized with the toxoid at
6 °C and challenged with high doses of toxin
at 25 °C, mortality was increased. This effect
was more pronounced at low doses of toxoid.
These data suggested that cold air prolonged
survival of mice to high doses of tetanus toxin
in either normal mice or in mice that were im-
munized at normal temperatures. However, if
mice were initially exposed to the toxin at

6 °C, recovered from the episode and en-
countered the toxin again at a normal temper-
ature, the chance for survival was reduced.

Some strains of mice produce less antibody
at cold temperatures (Sabiston et al., 1978).
Eiseman et a/. (1964) also found that the
exposure of mice to 6 °C dramatically reduced
the hemolysin response to SRBC. However,
other workers have reported that chronic cold
stress had little effect on capability of rabbits
(Northey, 1965) and mice (Chaffee and Martin,
1962) to synthesize antibody. It should be
noted that the former author used an adjuvant
at immunization.

Interestingly, in mammals, chronic cold
stress generally increases antibody titers. For
instance, cold stress enhanced the synthesis
of antibodies to an intravenous injection of
human albumin in rabbits (Ste. Rose and Sa-
biston, 19711. This contrasts with the earlier
work of Northey (19651, who used protein an-

tigens in adjuvants. Cold exposure shortened
the half-lives of IgG and IgM (Sabiston and
Ste. Rose, 1976) and allogeneic antibody (Tra-
pani and Campbell, 1959) in rabbits and IgG in
mice (Casey, 19731. A two-week cold stress at
- 5 °C also slightly reduced serum IgG, levels in
calves, but had no effect on IgM concentra-
tions (Kelley etal., in preparation).

Turnover rate of IgG and IgM was elevated
in cold-stressed rabbits (Sabiston and Ste.
Rose, 1976). This finding suggested that in-
creased immunoglobulin synthesis caused by
cold exposure could account for higher anti-
body titers. Kiorpes and Yuill (1975) rejected
this hypothesis in their studies with a live
virus. They explained that the immune re-

sponse was unaffected and indicated that cold
stress acted to simply increase the level of vire-
mia, thereby providing a greater amount of an-
tigen to stimulate antibody synthesis. How-
ever, recent results from our laboratory (Ble-
cha and Kelley, 1981b) using a nonreplicating
antigen (SRBC) showed that when five-week-
old pigs were exposed to 0 °C for four days,
both total and 2-mercaptoethanol-sensitive
antibody titers were increased. Serum gamma
globulin was also elevated. Similarly, Shimizu
et a/. (1978) reported that serum neutralizing
titers to TGE were elevated in cold-stressed
pigs. These data strongly suggested that a
short cold stress directly stimulated antibody
synthesis in the pig, which may have been me-
diated by the neuroendocrine system.

In chickens, an acute and chronic (28 days)
cold stress enhanced the synthesis of antibody
to SRBC and BSA in certain strains of birds
(Subba Rao and Glick, 1977), whereas the an-
tibody response to SRBC in other breeds of
chickens was unaffected (Regnier et al.,
1980). A different type of chronic cold stress
(six days) also did not affect the peak antibody
response to SRBC (Regnier and Kelley, 19811. ).
However, in the ectothermic chicken embryo,
a cold incubation temperature (31 °C) reduced
the synthesis of antibodies to a cellular antigen
(Seto, 1972). Cold stress was most effective
when applied within 24 h after immunization.
An incubation temperature of 37 °C also re-
duced the capability of chicks to synthesize
antibody later in life (Preda and Rusu, 1977).

A short cold exposure at 10 °C reduced the
capability of newborn pigs to acquire colostral
immunoglobulin (Blecha and Kelley, 1981a).
Cold stress did not reduce the absorption of



bovine colostral immunoglobulin by piglets
(Blecha and Kelley, 1980). These results sug-
gested that the absorption mechanisms were
unaffected and that cold stress acted to

weaken piglets, which impaired their op-
portunity to nurse and acquire colostral im-
munoglobulin. Extreme hypothermia reduced
the rate of absorption of colostral immuno-
globulin in dairy calves (Olson et al. , 1980), but
a moderate cold stress had no effect on the
absorption of immunoglobulin in newborn
beef calves (Olson et al., 1981). ). It’is also pos-
sible that in the former study, extreme cold
stress increased the rate of degradation of co-
lostral immunoglobulin once it entered the

systemic circulation, as indicated by the work
cited above in mice and rabbits. This sug-
gestion was also supported by the work cited
above in mice and rabbits. This suggestion
was also supported by the work of Siers et al.
(1976), who showed that the percentage of
blood proteins containing gamma globulin
was lowered significantly by holding piglets at
5 °C for a little as one hour.

Cell-mediated immunity
The possible effect of cold stress on cellular

immune events is relatively unknown. A re-
duction in mitogen responsiveness caused by
lowered air temperatures in vitro has been

suggested to cause a cellular immunodefi-

ciency in the appendages of man, which may
lead to certain kinds of local infections (Lau-
wasser and Shands, 1979). Duerschner et al.
(1943) reported that extreme hypothermia re-
duced the expression of tuberculin skin test
reactions in guinea pigs. Reduced skin
reactions were accompanied with shorter sur-
vival times to virulent human tubercle bacilli
and more deaths during the period of hypo-
thermia.

Exposure of month-old dairy calves to

ambient conditions of - 5 °C for one week had
little effect on the expression of PPD swelling
in calves sensitized with Mycobacterium tu-
berculosis when compared with thermoneutral
controls (Kelley et al., 1980). Cold-stressed
calves actually displayed significantly en-

hanced responses when compared to heat-
stressed calves. Recent experiments in our

laboratory also showed that an acute (12 h)
cold stress enhanced the expression of PPD
reactions in calves and increased the number
of peripheral blood lymphocytes (unpublished).
However, after two weeks of cold exposure,
the expression of PPD reactions was reduced

when compared to thermoneutral controls.
DNFB contact sensitivity reactions were also
reduced at the end of both the first and
second week of cold stress and PHA swelling
was unaffected. Mitogen-induced blasto-

genesis of enriched peripheral blood mono-
nuclear cell preparations from cold-stressed
calves was not altered, but serum from cold-
stressed calves reduced blastogenesis of nor-
mal mononuclear cells when compared with
serum from calves that were heat stressed
(Kelley et aL, in preparation). Cold exposure
in calves had little effect on the number of
circulating lymphocytes, monocytes, neutro-
phils, eosinophils or basophils (Kelley etal., in
preparation). These data suggested that cold
stress did not directly affect mitogenesis of
mononuclear cells in calves, but that serum
factors may have caused an immunosuppres-
sion. Woodard etal. (1980a) also reported that
cold stress had little effect on the blasto-

genesis of purified mononuclear cells from
newborn beef calves. The three-day cold
stress at 1 °C had little effect on the bacteri-
cidal activity of neutrophils or sera towards
Staphylococcus aureus or Escherichia coli
(Woodard et a/., 1980b) or on total
complement hemolytic activity (Woodard et
a/. , 1980c 1.

A five-day cold stress at 1 °C reduced the

expression of contact sensitivity responses
and PHA skin test reactions in five-week-old
chickens (Regnier and Kelley, 1981). When
whole blood cultures from these stressed New

Hampshire birds were stimulated in vitro with
PHA, tritiated thymidine incorporation was re-
duced. A nonsignificant reduction was noted
with White Rock broilers. As in calves, this re-
duction may have been caused by certain
serum components in the blood of the cold-
stressed birds. Also, cold stress in the New

Hampshire birds caused a modest reduction in
the number of peripheral blood lymphocytes.
With mice, cold air temperature has also

been shown to affect cellular immune re..

sponses. When mice were exposed to 5 °C
during the induction phase with DNFB and
subsequently challenged at thermoneutral
conditions, contact sensitivity reactions were
enhanced (Blecha, 1981 ; Blecha etal., 1980).
This effect was also observed if the cold stress
was continued through the expression phase
(Suskind and lshihara, 1965). Using a different
DTH assay, evanescent DTH to SRBC (Liew,
1977), an enhanced response was again



observed if animals were exposed to cold air
temperatures when challenged. However,
cold stress that was applied only during the
induction phase caused a reduction in the

response to SRBC when mice were subse-
quently tested at a thermoneutral temper-
ature. These results showed that cell-mediated
immune responses in mice were generally
augmented by cold stress. Completely op-
posite results were obtained, however, if cold
stress was applied only when the animal was
first exposed to SRBC. These findings sug-
gested that the cellular immune response was
dependent on whether the animal was stres-
sed at the time it was first exposed to the anti-
gen. These results may also ultimately explain
the variation in cell-mediated assays between

experiments and among different laboratories.
Furthermore, immunological changes caused
by cold stress may explain why some workers
have observed both increases and decreases in

the resistance of stressed animals to infectious
diseases.

Hypothermia has been shown to reduce

phagocytic activity in dogs (Gowen and Friou,
1961 ; Fedor et al., 19561, in mice (Eiseman et
a/., 1964) and in rabbits immune to Diplo-
coccus pneumoniae (Kaufman and Northey,
1968). These experiments with phagocytosis
should be interpreted with caution, however,
because the degree of hypothermia was

severe and used for a specific purpose under
controlled laboratory conditions. If this degree
of hypothermia was achieved in adult animals
in cold weather, death would probably result.
Furthermore, the animals’ physiological and
immune responses to induced hypothermia
and chilling differ substantially (Eiseman etal.,
1964).

Crowding

Resistance to infection

Crowding refers to providing animals with
limited living space and mixing refers to plac-
ing animals together that are unfamiliar with
one another. Many of the effects of crowding
are confounded with the development of new
social interactions that are caused by mixing
unfamiliar individuals.

The stress of crowding has been suggested
to reactivate a latent rabies virus in guinea pigs
(Soave, 1964) and an avian influenza virus in
turkeys (Robinson et al., 1979). One

experiment suggested that this reactivation of
virus was mimicked by an injection of adreno-
corticotropic hormone (Soave, 1962), which is
released from the adenohypophysis following
most acute stressors. Crowded, nonim-
munized mice were more susceptible to an
LDso dose of Salmonella typhimurium than
control mice (Edwards and Dean, 1977) and
crowding also reduced the resistance of mice
to the parasite Microphallus pygmaeus (Bray-
ton and Brain, 1974). The stress of crowding
after an acute infection with Mycobacterium
tuberculosis reduced the survival time of mice
when compared to mice that were crowded,
infected and then returned to single housing
conditions (Tobach and Bloch, 19561. Interest-
ingly, the crowded male mice were more sus-
ceptible to a chronic tuberculous infection
than the crowded females.

lmmune function

Solomon (1969b) reported that crowding
rats at five to six per cage reduced both the

primary and secondary antibody responses to
flagellin. More recent studies confirmed these
results with a typhoid-paratyphoid vaccine
(Edwards and Dean, 1977). However, crowd-
ing had little influence on the capability of
mice to synthesize antibodies to SRBC (Bray-
ton and Brain, 1975). Crowding also reduced
antigen-specific mitogenesis in male rats, but
increased this response in female rats (Joasoo
and McKenzie, 1976). This differential effect
of crowding on male and female animals was
similar to the results of Tobach and Bloch

(1956), and may have been related to mainte-
nance of a social dominance order. Mitogen-
induced blastogenesis was unaffected by
crowding.

Isolation

As a matter of interest, Friedman et al.
(1969) reviewed data which demonstrated that
the stress of isolation could either enhance or
reduce the susceptibility of mice, depending
on the particular pathogenic agent. For

instance, isolation had little effect on the

growth of a Walker sarcoma in rats or the
incidence of spontaneous leukemia in AKR/J
mice. However, isolation increased the sus-

ceptibility of mice to encephalomyocarditis
virus and decreased the susceptibility of mice



to Plasmodium berghei. The authors con-

cluded that psychosocial factors clearly altered
the resistance of animals to infectious agents,
but that the ultimate outcome of the disease
was dependent on several environmental
factors.

The changes in host susceptibility that are
caused by isolation may be related to changes
in particular subsets of lymphoid cells that are
altered by the stress response. Isolation re-

duced antigen-induced, but not mitogen-
induced, lymphoblastogenesis in mice (Joa-
soo and McKenzie, 1976). Glenn and Becker
(1969) also reported that the isolation of mice
reduced the secondary antibody response to
bovine serum albumin. However, recent re-

sults indicated that this effect depended on
the previous social environment. For instance,
when mice were isolated, exposed to psycho-
social stimulation and then reisolated, anti-

body titers were reduced (Edwards et al.,
1980). Isolated mice actually synthesized more
antibodies than those mice that were recently
mixed.

Mixing

Susceptibility to disease

Davis and Read (1958) reported that the

daily mixing of mice infected with Tiichinella
spiralis significantly increased the number of
adult trichinella worms and larvae in stressed
mice. Weinmann and Rothman (1967) also
showed that fighting increased the suscep-
tibility of both immune and nonimmune mice
to the parasite Hymeno%pis nana. Sub-
ordinate animals were the most susceptible.
This experiment again suggested that social
rank may influence host resistance.

It is also likely that the psychological effect
of maintaining a social dominance order may
account for many of the effects of mixing or
crowding. For instance, Ebbesen and Rask-
Neilson (1967) and Ebbesen (1968) reported
that when DBA/2, BALB/c and CBA male
mice were housed together, the survival time
of male mice was shorter and splenic amyloid
was higher than in females raised in groups.
However, if a male was raised with several
females, the male lived as long as the females.
The enhancement of amyloidosis in grouped
males did not appear to be related to the inci-
dence of wounds, which led the authors to
speculate that the maintenance of a domi-
nance hierarchy in grouped males could

explain these results. Th hypothesis was
supported by other research. Sex-segregated
housing in male mice enhanced growth of a
murine sarcoma virus whereas fighting per se
in females reduced growth of the sarcoma
(Amkraut and Solomon, 1972). It is also inte-

resting that Weinmann and Rothman (1967)
noted an increase in the susceptibility of mice
to Hymeno%pis nana, even though mixing did
not induce fighting.

Perhaps the most research with mixing and
susceptibility to infectious diseases in the
avian species has been reported by W.B.
Gross. In an early report, he demonstrated
that mixing chickens increased their resistance
to pathogenic Escherichia coli organisms
(Gross and Siegel, 1965). Later, Gross and
Colmano (1969) found that an excess degree
of social interaction caused by mixing
chickens increased their resistance to bacterial
infections caused by Escherichia coli and

Staphylococcus aureus, but reduced their
resistance to both Mycoplasma gallisepticum
and Newcastle disease virus. These results are
in general agreement 4!rith the work discussed
by Friedman et aL (19691.

High social stress also reduced the resist-
ance of birds to Marek’s disease (Gross, 1972 ;
Gross and Colmano, 1971) and increased the
resistance to northern fowl mites (Hall and
Gross, 1975) and Eimeria necatrix infection
(Gross, 19761. Enhanced resistance to certain
bacterial and coccidiosis infections may be
mediated by the increased heterophile re-

sponse of stressed birds (Siegel, 1980 ; Gross
and Siegel, 1975 ; Gross, 1962). The re-

sponses of genetically-selected lines of birds
to various types of infectious diseases have
been recently summarized by Gross et al.
(19801.

lmmune system

Research by Gross also showed that a high
level of social stress that was induced by mix-
ing reduced the synthesis of antibodies to

Escherichia coli in certain artificially-selected
lines of birds (Gross and Siegel, 1973). Other
lines of birds exposed to low social stress had
higher antibody titers. Mixing increased the
rate of disappearance of antibodies from the
systemic circulation of the visiting but not the
resident birds of a nonaggressive family (Sie-
gel and Latimer, 1975). This greater disap-
pearance of antibodies did not occur in a

larger, more aggressive family of chickens. In



mice, Vessey (1964) reported that mixing
animals for a duration of 4 h daily reduced
antibody synthesis to bovine serum. The
author also demonstrated that subordinate
mice had significantly lower antibody titers
than dominant mice, which supported the
work of Weinmann and Rothman (1967).

Weaning

Disease and immune function

Few data have been reported on the
influence of weaning on the immune system
of any species. Ader and Friedman (1965)
demonstrated that mortality from a carcino-
sarcoma was increased in rats that were pre-
maturely weaned. However, La Barba (1970)
suggested an opposite effect with Ehrlich
ascites carcinoma ; early weaning increased
survival time. Early weaning did not affect the
outcome of an infection with an encephalo-
myocarditis virus (Friedman et al., 19691.

In calves, Gwazdauskas et al. 11978) report-
ed that antibody synthesis to heterologous
erythrocytes was reduced when the antigen
was injected within 24 h of weaning. This
depression in antibody synthesis was related
to increased serum glucocorticoid levels.
Other researchers (Crookshank et al., 1979)
have also noted that weaning calves caused a
moderate increase in serum cortisol and in-
duced changes in some other biochemical par-
ameters.

In a recent experiment (Blecha and Kelley,
1981b), it was shown that when pigs were
injected with SRBC at 24 h prior to weaning, a
significant reduction in antibody titers was
observed one week later. Although the re-

duction was small, it was characterized mostly
by a decrease in IgM synthesis. Paradoxically,
pigs that were weaned two weeks prior to the
controls had elevated circulating levels of
gamma globulin. This may have been due to
the removal of feedback inhibition by milk

proteins, increased antigen exposure or a

reduction in the catabolism of existing im-

munoglobulin.
Milk immunoglobulin, primarily in the form

of IgA, continuously bathes the gut in nursing
pigs, as in other species (Bourne, 1976 ; Por-
ter, 1976 ; Wilson, 1974 ; Porter and Allen,
19721. Around one week of age, the pig begins
to synthesize immunoglobulins locally (Porter
et al. , 1970). There appeared to be an equal

number of IgA-secreting cells in the gut before
and after weaning, which suggested that

weaning per se had little effect on the number
of IgA-secreting plasma cells. However, the
associated stressors of mixing, transportation
and relocation may combine to alter the
number of IgA-secreting plasma cells, which
may compromise local gut protection and ex-
acerbate post-weaning diarrhea.

Limit-feeding

Susceptibility to disease and cellular immu-

nity
Restricted feeding of gestating animals is a

recommended management practice for many
species of livestock. In several instances, this
amounts to a 24 h fast. Much information is
available on the influence of particular dietary
components, such as protein (Chandra, 1980 ;
Cooper et aL, 19741, on the immune system of
animals. However, very little research has
been conducted on the effect of limit-feeding
on immune function.

Bistrian et al. (1975) reported that semi-
starvation reduced the number of circulating
lymphocytes in humans. Contact sensitivity
and Candida dermal reactions were also
reduced by semistarvation. Similarly, food de-
privation increased the susceptibility of mice
to Hymenolepis nana (Weinmann and Roth-
man, 1967).
Food deprivation has been shown to alter

other types of cellular immune reactions.
Amkraut et al. (1973) used the popliteal lymph
nodes to assess T-cell competence in a local
graft vs. host reaction. By reducing the feed
intake of rats to about 50 % of ad libitum-fed

controls, a dramatic immunosuppression was
observed. The authors stated that the reduced

graft vs. host response was not completely
restored when excess amounts of vitamins
and minerals were fed. The immunosuppres-
sion could not be entirely accounted for by
ACTH injections. Lymphocyte proliferation in
vivo was not reduced in fasted animals, and
may have even been enhanced. The authors
speculated that limit-feeding affected the re-
lease of lymphokines or a donor suppressor
cell population. Folch and Waksman (1974)
lent some credence to this conclusion when
they showed that spleen cells from rats de-
prived of water for 48 h showed loss of sup-
pressor cell adherence to glass wool.



Antibody-mediated immunity
Spalatin and Hanson (1974) reported that

when food and water were withheld from
chickens for one day, antibody titers to New-
castle disease virus were elevated when com-
pared to chickens fed ad libitum, regardless of
whether the vaccine was injected intramuscu-
larly, administered in the drinking water, or

inserted via a capsule into the crop. In most
cases, however, survival of vaccinated
chickens was not affected by food and water
deprivation at immunization when the birds
were subsequently challenged with virulent
Newcastle disease virus (i.e., induction of im-
munity was unaffected by stress). Inter-
estingly, when unvaccinated control birds
were housed with vaccinated birds, spread of
the virus was enhanced by food and water de-
privation, as detected by a greater number of
serologic responders, higher antibody titers
and greater survival upon challenge with New-
castle disease virus. These results therefore
suggested that the removal of food and water
for 24 h enhanced shedding of Newcastle dis-
ease virus.

Nathan et al. (1977) reported different
results with different antigens. They found
that starvation for 48 h reduced the synthesis
of antibodies to Escherichia coli and sheep
erythrocytes. This effect occurred only when
the birds were immunized within 24 h of depri-
vation. Nathan et al. (1977) also found that
either a 24 h or 48 h fast reduced the number
of peripheral blood leukocytes and weight of
the bursa of Fabricius, spleen and thymus.
Perhaps the disparity between their results
and the data of Spalatin and Hanson (1974)
can be explained by the longer fasting time in
the former study. It is also likely that the
nature of the antigen was related to this
difference. Finally, Katayama et al. (1978)
observed that a 24 h fast dramatically reduced
various kinds of passive cutaneous anaphy-
lactic reactions in guinea pigs. Results were
similar, but less dramatic, in rats.

Noise

Resistance to disease

When mice were first exposed to a noise
level of 123 db, then inoculated intranasally
with vesicular stomatitis virus and exposed to

noise during the subsequent four days, mor-
tality rate was significantly higher than among
control mice (Jensen and Rasmussen, 1963).

Similar results were obtained when mice were
inoculated immediately before the second
stress episode, but a slight increase in resist-
ance was noted when mice were inoculated

immediately after the second daily noise
treatment. These data suggested that mice
could successfully acclimate to noise stress-
ors. Chang and Rasmussen (1965) found that
high intensity noise reduced interferon pro-
duction, but blood levels of vesicular stoma-
titis virus or antibody titers to this virus were
not affected. When a susceptible strain of
mice was subjected to bell-ringing noise and
injected with a chemical carcinogen, there was
a delay in tumor induction (Molomut et a/.,
1963). However, there was no difference in
the survival time of stressed and control mice.
Sound stress also reduced the growth of
a chemically induced rat mammary carcinoma
(Pradhan and Ray, 1974).

Immune function

Jensen (1969) and Geber et al. (1966)
reported that various levels of noise reduced
blood leukocytes, such as eosinophils, in
rodents. Hill et al. (1967) showed that inter-
mittent noise, in combination with two other

psychological stressors, reduced the synthesis
of antibodies to bovine serum albumin in mon-

keys. Recently, Monjan and Collector (1977)
reported that when male mice were exposed
to intermittent noise at 100 db for one to three
hours daily, spleen cell blastogenesis induced
by concanavalin A and lipopolysaccharide and
cytotoxicity towards P815 target cells were re-
duced for about three weeks. However, all of
these responses were enhanced if the mice
were exposed to the intermittent noise for a
longer period of time. Eventually, blastogenic
reponses returned to normal, which suggested
that the mice became acclimated to the noise.
These results generally support the earlier

experiments by Jensen and Rasmussen

(1963). Interestingly, the clinical use of sonar,
called echo sonography, reduced the syn-
thesis of antibody to SRBC (Anderson and
Barrett, 1979). This appeared to be due to
both a lack of specific antibody of IgM class
and a total IgM deficiency. Holt (1978) has
briefly reviewed the effect of auditory stress
on the immune system.





Psychological stressors

General comments

Although a sensory component is part of an
animal’s response to all physical stressors,
adverse psychological encounters may directly
alter immune function in the absence of phy-
sical stressors. For example, calves absorb
more colostral immunoglobulin when they are
with their dams than when they are separated
from their mother (Fallon, 1978 ; Selman et
a/., 1971). In this section, several experiments
are discussed that involve a combination of

physical and psychological stressors which are

thought to primarily elicit emotional states,
such as fear and frustration. In these in-
stances, several investigators have proposed
that psychological or emotional stressors are
involved in the etiology of infectious diseases,
autoimmune diseases and tumor growth (So-
lomon, 1969a ; Rasmussen, 1969 ; Friedman
et al., 1969). In other cases, such as with
broad retrospective surveys that have inves-
tigated the relationship of stress factors and
the susceptibility of humans to infectious dis-
ease or cancer, the results are less clear (An-
drews and Tennant, 1978 ; Fox, 1978 ; Rabkin
and Struening, 1976).



Avoidance learning
A chronic avoidance learning paradigm,

consisting of a warning light-buzzer system
and electric shock, increased the susceptibility
of mice to Coxsackie B virus (Johnsson et al.,
1963 ; Friedman ei a/, 1965), herpes simplex
virus (Rasmussen et al, 1957) and polio-
myelitis and polyoma virus, but caused little

change in the susceptibility to respiratory
viruses (cited by Rasmussen, 1969). In con-

trast, a short (24 h) avoidance learning stress
reduced the susceptibility of monkeys to polio-
myelitis (Marsh et al, 19631. The antibody re-
sponse to vesicular stomatitis virus was un-
affected by an avoidance learning paradigm,
but clearance of the virus from the muscles
of stressed mice was retarded (Yamada et
a/., 1964). Solomon (1969b) confirmed that
apprehension-electric shock had little effect on
the capability of mice to synthesize antibody
to flagellin. However, Solomon (1969b) de-
monstrated that a different type of psycho-
logical stressor reduced the primary, but not
the secondary, response to this antigen.
The influence of psychological stressors on

cellular immune events is almost unknown. A
chronic avoidance turning paradigm (about
three weeks) somewhat impaired survival time
of skin grafts in mice (Wistar and Hildemann,
1960). However, a shorter, five-day avoidance
learning stressor was suggested to enhance
the expression of contact sensitivity reactions
in sensitized guinea pigs (Guy, 1952). An
acute, unavoidable electrical stressor also en-
hanced the induction of contact sensitivity
reactions in guinea pigs (Mettrop and Visser,
1971, 1969). Serum corticoid levels were sig-
nificantly elevated immediately after exposure
to the electrical stressor. Although the data
are meager, these results suggested that a

short, acute psychological stressor enhanced
contact sensitivity responses. Interestingly,
restraint, cold and heat stress also enhanced
contact sensitivity reactions in mice (Blecha,
1981 ; Blecha et aL, 1980).

Similar to the results observed with heat
stress in chickens (Morgan et al., 1976), mice
that were subjected to an avoidance learning
stress were less susceptible to passive anaphy-
laxis (Treadwell and Rasmussen, 1961 ; Ras-
mussen et a/. , 1959). As with other stressors
in rodents, avoidance learning caused adrenal
hypertrophy, involution of the thymus and
spleen, lymphopenia and leukopenia (Jensen,
1969 ; Marsh and Rasmussen, 1960). In the
domestic pig, an unavoidable severe electrical

stress caused a moderate increase in leuko-
cytes, which was characterized by a dramatic
rise in neutrophils, a reduction in eosinophils
and a moderate decline in lymphocytes (Eller-
sieck et al. , 19791.

Electrical stress can also affect interferon
synthesis. Jensen (1968) showed clearly that a
4 h avoidance learning stress reduced inter-
feron titers in mice. This reduction was also
observed in adrenalectomized mice, which
suggested that adrenal corticoids were not
responsible for this reduction. Using an un-
avoidable random electric shock. Solomon et
a/. (1967) did not observe a reduction in inter-
feron titers. Subsequent experiments by Jen-
sen (1973) demonstrated that the stress-
induced reduction in interferon titers that was
caused by the stress of avoidance learning was
not mediated by alpha adrenergic receptors or
serotonin. Serum from stressed mice was also
ineffective in reducing interferon levels of
normal mice. Splenectomy abolished the
stress-induced reduction in interferon.

Unexpectedly, when mice were shocked for
5 h prior to the induction of interferon with
Newcastle disease virus, the interferon titer at
6 h after the stress was increased (Solomon et
a/. , 1967). Jensen (1968) did not observe this
effect. Pretreatment with 3 mg.kg-I of hydro-
cortisone increased interferon titers when
calves were inoculated with infectious bovine
rhinotracheitis (IBR) (Cummins and Rosen-
quist, 1979, 1977). In contrast, however, corti-
sone pretreatment reduced interferon titers in
mice (Rytel and Kilbourne, 1966). It should be
noted that cortisol has been reported to in-
crease and decrease interferon titers in vitro
(DeMaeyer and DeMaeyer, 1963).
Physical immobilization of animals has also

been shown to alter immune function. Immo-
bilization causes leukopenia, adrenal hyper-
trophy and thymic and splenic involution
(Jensen, 1969 ; Marsh and Rasmussen, 1960).
In several well-controlled experiments, re-

straint reduced both virus-induced and
endotoxin-induced interferon (Jensen, 1973,
1968), although Solomon et al. (1967) did not
observe this effect. Restraint also increased
the susceptibility of mice to herpes simplex
virus (Rasmussen et al., 1957).
Thaxton and Briggs (1972) reported that im-

mobilization did not impair the capability of
chickens to synthesize antibody to SRBC.
However, recent work by Blecha (1981) show-
ed clearly that restraint altered cellular

immunological function in mammals. For in-



stance, when mice were restrained for a single
2.5 h period before immunization with SRBC
(evanescent DTH), the cellular response was
reduced when mice were subsequently chal-
lenged with SRBC in the footpad. However,
enhanced reactions were observed with con-
tact sensitivity reactions utilizing DNFB. If
restraint was imposed immediately before

challenge, similar results were obtained : the
response to DNFB was augmented while the
delayed reaction to SRBC was reduced. Since
both of these tests, DNFB and SRBC, are

thought to represent cellular immune events
that occur in vivo, these data showed that a
single acute stressor could either enhance or
retard cell-mediated immune reactions. This

probably occurred because the same stress
differentially affected subsets or regulatory or
effector cells that controlled these reactions.

Neoplasia
La Barba (1970) and Crisp (1970) reviewed

the effect of psychosocial factors on neo-

plastic diseases. Although the individual
papers will not be discussed in detail, both
authors presented evidence which showed
that different kinds of cancer were influenced
by psychosocial factors. More recent experi-
ments have also supported the concept that
psychological stressors alter the growth of
some types of tumor cells.

Sklar and Anisman (1979) recently reported
the effect of electric shock on growth of mas-
tocytoma cells in mice. These workers found
that tumors appeared earlier among mice that
were subjected to one shock session that con-
sisted of 60 shocks of a 6 min duration. Sur-
vival time was also reduced in the shocked
mice. Tumor growth was unaffected when
five or ten shock sessions were given, which
suggested that the mice may have success1’ul-
ly acclimated to the stressor. Interestingly,
when mice were given the opportunity to es-
cape the shock, tumor growth was similar to
non-shocked controls. Tumor growth was en-
hanced in the sham-treated mice that were not
given the opportunity to escape the shock.
These results indicated that the physical
trauma of electric shock was not responsible
for enhanced tumor growth. Instead, the emo-
tional derangement associated with the in-

ability to escape the shock exacerbated tumor
growth.

Amkraut and Solomon (1972) also reported
that an unavoidable electric shock given after

inoculation with a murine sarcoma virus en-
hanced tumor size. However, when the shock
was administered before inoculation with the
virus, tumor growth was retarded. Similarly,
Marsh et al. (1959) and Pradhan and Ray
(1974) found that tumor growth was retarded
by the stressors of immobilization, electric
shock and avoidance learning when the stress-
ors were begun soon after induction of the
tumor. Restraint and electric shock also re-

duced the number or growth of chemically-
induced mammary tumors in rats (Newberry et
al., 1972, 1976). A different type of electric
shock did not alter the survival of mice that
were infected parenterally or intracerebrally
with a leukemia tumor (Gershbein etal., 19741.
These workers also found that forced swimm-
ing reduced the growth of a Walker tumor in
rats, but this stressor did not affect the rate of
survival. Rashkis (1952) reported similar re-

sults. Finally, Peters and Kelly (1977) showed
that appropriate corticosteroid or ACTH
treatment reduced the number of tumor cells
that were required for transplantation of a

syngeneic neoplasm.

Other stressors.

The influence of other types of controlled
stressors on the immune response of animals
has been studied. For instance, predator-
induced stress increased the susceptibility of
mice to Hymeno%pis nana (Hamilton, 1974)
and the physical handling of mice during early
life increased their capability to synthesize
antibody to the flagella of Salmonella adelaide
(Solomon et al., 1968). Transportation stress
has been shown to reduce the number of

plaque-forming cells formed in vitro (Gisler et
a/., 1971). Acceleration and ether anesthesia

gave similar results. This effect depended on
the time of stress relative to immunization,
and may have been due to an interaction of
adrenal corticoids and growth hormone (Gisler
and Schenkel-Hulliger, 19711. Space flight en-
hanced blastogenesis to both mitogens and
antigens in rats (Mandel and Balish, 1977),
and marathon running, but not moderate run-
ning, caused a transient reduction in mitogen-
and antigen-induced blastogenesis in humans
(Eskola etal., 1978). The secondary antibody
response to tetanus toxoid was unaffected by
running. The stress of captivity and accli-
mation to captivity has also been suggested to



depress PHA-induced blastogenesis in Rocky
Mountain bighorn sheep (Hudson, 1973).

Environmental stressors may be involved in
the etiology of an infectious disease known as
bovine pneumonic pasteurellosis (shipping
fever). Various stressing agents, such as heat,
cold and shipping, have been suggested to
exacerbate symptoms of this disease complex
and increase the frequency of isolation of
Pasteurella multocida and P. haemolytica
(Crookshank et al., 1979 ; Irwin et al., 1979 ;
Andersen, 1978 ; Saunders and Berman,
1964 ; Hoerlein and Marsh, 19571. It should be
noted that the transportation of cattle in

pragmatic situations often includes the

exposure of cattle to several other stressors,
such as heat, cold, mixing, introduction to a
novel environment and a change in diet. The
effect of shipping on the immune system of
calves has not been adequately investigated.
However, some research has indicated that
transportation and introduction to new en-

vironmental conditions impaired the capability
of calves to synthesize antibody (Hartmann et
a/., 1976b) and reduced mitogen-induced
blastogenesis of peripheral blood mono-

nuclear cells (Kelley et al., 19811. 1 .

Hamdy et a/. (1963) demonstrated that
when pasteurella and parainfluenza type 3
virus were both present in calves, a single,
alternating 30-min heat and cold stress en-
hanced clinical symptoms of shipping fever
and the severity of pneumonic lesions. In two
other experiments, a moderate thermal stress
of 2 °C, 29 °C or alternating temperatures
between 30 °C and 2 °C in two-to five-month-
old calves had little effect on the incidence of
pneumonia when calves were challenged with
either IBR alone (Jericho and Darcel, 1978) or
IBR and Pasteurella haemolytica (Jericho and
Langford, 19781. However, in the latter expe-
riment, rhinitis, tonsillitis and pneumonia were
consistently produced when the IBR virus was
passaged two additional times. Therefore, an
alternate interpretation would be that a mod-
erate thermal stress exacerbated the incidence
of upper respiratory tract infections and
pneumonia, an effect which depended on the
virulence of the IBR virus. This conclusion is

speculative, however, because a thermo-
neutral control group of calves was not in-
cluded in the study.

Concluding remarks

1. Disease-environment interactions exist.

There is substantial scientific evidence to sup-
port the concept that diverse types of en-
vironmental strbssors alter the susceptibility of
animals to infectious diseases. The broad im-

plication of this finding is that stress may
trigger nonspecific physiological mechanisms
that alter specific immunological events. It has
not been widely accepted that environmental
stressors directly alter immune defense mech-
anisms of the host. It is likely that stress-

induced changes in the susceptibility of ani-
mals to many diseases are mediated mostly by
changes in immune function.

2. Evidence suggests that environmental
stressors increase the susceptibility of animals
to relatively avirulent microbes. The effect of
environmental stressors on host resistance de-
pends on the type and virulence of pathogen
to which the animal is exposed, the nature and
duration of the stressor, age and species of
the animal, time of stress relative to time of
exposure to the pathogen and whether the
animal is immune to the pathogen. Careful re-
search is needed to clearly define the relative
importance of each of the above parameters,
as well as to learn how acclimation or habi-
tuation influences the animal’s immune sys-
tem. Finally, it is important to learn whether
these stress effects are independent or

whether biologically-relevant interactions
exist.

3. Stress does not always lead to a re-

duction in host resistance. Elevated ambient
temperature enhances host resistance to some
viral diseases and social stress reduces the
growth of some tumor cells and enhances
host resistance to some bacterial pathogens.
The physiological and immunological mech-
anisms that are responsible for the stress-
induced immunoenhancement and immuno-
suppression should be understood. In vivo,
adrenal corticoids have been associated with
both enhanced and depressed immune re-

sponses. Stress-induced changes in other
hormones should also be studied, particularly
with corticoid-resistant species.

4. Recent experiments have shown that se-
veral types of environmental stressors dy-
namically alter cell-mediated immune events.
The effect of stress on cellular responses is

dependent on the time of stress relative to the
induction or expression of the response and
on the type of cells that are involved in the
cellular immune event. These data imply that



the effects of stress on the pathogenesis of a
disease depends on whether the animal has
been previously exposed to the pathogen (i.e.,
immune). Furthermore, a single stress episode
at the time of the first exposure to antigen
(induction) can alter subsequent cellular
immune events when the non-stressed animal
is exposed several days later to the same
antigen (expression). It is likely that the
changes in cellular immunity that are caused
by the stress response may explain why some
investigators have reported both increases and
decreases in the susceptibility of animals that
have been subjected to a single stressor.

5. The effect of stress on the capability of
animals to synthesize antibodies is equivocal.
For instance, different degrees of heat stress
have been shown to decrease, increase and
cause no change in the capability of birds to
synthesize antibodies. It is assumed that this
paradox is due to breed differences. However,
it is also possible that this disparity owes to the
degree of heat stress imposed on the birds.
6. Evidence is presented which indicates
that both natural and specific host defense
mechanisms are altered by environmental
stressors. The effects of stress on natural
defenses have hardly been investigated. It is
possible that environmental stressors could
alter several non-specific mechanisms, such as
anatomic barriers, the inflammation process or
intracellular lysozymes.

7. Investigations into the effects of stress on
animals should employ cells or serum from
animals that are stressed in vivo, not cells or
serum from normal animals that are stressed in
vitro. The stressor should be clearly defined
and well-controlled. Studies should also be
conducted to determine which effector lym-
phocytes (i.e., helper, suppressor, cytotoxicl, I ,
types of cells (i.e., macrophages, neutrophils,
mast cells) or antibody functions (i.e., opsoni-
zation, antibody-dependent, cell-mediated

cytotoxicity, neutralization) are affected by
environmental stressors.

8. More emphasis should be placed on the
influence of psychological stressors on the
immune system of domestic animals. Sub-
stantial evidence supports the hypothesis that
psychological stressors alter the susceptibility
of animals to disease and that many of these

changes are mediated by alterations in host
defense.
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Summary

Environmental stressors are involved in the etiology of important livestock diseases, including
transmissible gastroenteritis in young pigs, Newcastle’s and Marek’s disease in chickens and
shipping fever in cattle. Unfortunately, very little research has been conducted to learn how
stress alters host resistance, although it is generally assumed that the immune system of the host
is affected. This paper identifies eight stressors that typically occur in modern livestock produc-
tion units : heat, cold, crowding, mixing, weaning, limit-feeding, noise and restraint. All of these
stressors have been shown to alter the immune system of animals. These changes in immune
function may ultimately explain the physiological basis of disease-environment interactions. A
thorough understanding of stress-induced changes in host resistance will also provide the scien-
tific basis for effective prophylactic therapy. More controlled experiments are needed to learn
how stress alters the susceptibility of animals to infectious and noninfectious diseases.

References

ADER R., FRIEDMAN S.B., 1965. Social factors affecting emotionality and resistance to disease in animals.
V. Early separation from the mother and response to a transplanted tumor in the rat. Psychosom. Med.,
27, 119-122.

AMKRAUT A., SOLOMON G.F., 1972. Stress and murine sarcoma virus (Moloneyl-induced tumors. Cancer
Res., 32, 1428-1433.



AMKRAUT A.A., SOLOMON G.F., KASPER P., PURDUE A., 1973. Stress and hormonal intervention in
the graft-versus-host response. In : JANKOVIC B.D., ISAKOVIC [C., Microenvironmental aspects of
immunity, 667-674, Plenum Press, New York.

AMREIN Y.U., 1967. Effects of environmental temperature on Trypanosoma cruzi infection in mice. J.
Parasitol. 53, 1160.

ANDERSEN A.A., 1978. Cross reactions of normal bovine sera with foot-and-mouth disease virus : inci-
dence, duration, and effect of shipping stress. Am. J. Vet. Res., 39, 603-606.

ANDERSON D.W., BARRETT J.T., 1979. Ultrasound : a new immunosuppressant. Clin. lmmunol. lm-
munopathol., 14, 18-29.

ANDREWES C.H., 1964. The complex epidemiology of respiratory virus infections. Science, 146, 1274-1277.
ANDREWS G., TENNANT C., 1978. Being upset and becoming ill : an appraisal of the relation between life

events and physical illness. Med. J. Aust., 1, 324-327.
ARMSTRONG C., 1942. Some recent research in the field of neurotropic viruses with especial reference to

lymphocytic choriomeningitis and herpes simplex. Mil. Surg., 91, 129-145.
ARMSTRONG C., 1950. Seasonal distribution of poliomyelitis. Am. J. Public Nealth, 40, 1296-1304.
ARMSTRONG W.D., CLINE T.R., 1977. Effects of various nutrient levels and environmental temperatures

on the incidence of colibacillary diarrhea in pigs : intestinal fistulation and titration studies. J. Anim.
Sci., 45, 1042-1050.

ARNOLD L., 1929. Alterations in the endogenous enteric bacterial flora and microbic permeability of the
intestinal wall in relation to the nutritional and meteorological changes. J. Hyg., 29, 82-116.

ASHMAN R.B., NAHMIAS A.J., 1977. Enhancement of human lymphocyte responses to phytomitogens in
vitro by incubation at elevated temperatures. Clin. Exp. lmmunol., 29, 464-467.

ATWOOD R.P., KASS E.H., 1964. Relationship of body temperature to the lethal action of bacterial endo-
toxin. J. Clin. Invest., 43, 151-159.

BAETJER A.M., LANGE L.B., 1928. The effect of high humidity and moderately high temperature on the
susceptibility and resistance to tuberculosis in guinea pigs. Am. J. Hyg., 8, 935-946.

BELEHRADEK J., 1957. A unified theory of cellular rate processes based upon an analysis of temperature
action. Protoplasma, 48, 53-71.

BELL J.F., CLARK H.F., MOORE G.J., 1977. Differences in efficiency of protective effect caused by high
ambient temperature in mice infected with diverse substrains of rabies virus. J. Gen. Viro/., 36, 307-315.

BELL J.F., MOORE G.J., 1974. Effects of high ambient temperature on various stages of rabies virus infec-
tion in mice. lnfect. Immun., 10, 510-515.

BENNETT I.L., Jr., NICASTRI A., 1960. Fever as a mechanism of resistance. Bacteriol. Rev., 24, 16-34.
BERNHEIM H.A., BLOCK L.H., ATKINS E., 1979. Fever : pathogenesis, pathophysiology and purpose.

Ann. Int. Med., 91, 261-270.
BIERER B.W., 1961. A method of inducing Salmonella typhimurium infection in chicks. J. Am. Vet. Med.

Assoc., 139, 790.
BISTRIAN B.R., BLACKBURN G.L., SCRIMSHAW N.S., FLATT J.P., 1975. Cellular immunity in semi-

starved states in hospitalized adults. Am. J. Clin. Nutr., 28, 1148-1155.
BLECHA F., 1981. Stress-induced alterations in the murine cellular immune response. Ph. D. Thesis.

Washington State University.
BLECHA F., BARRY R., KELLEY K.W., 1980. Stressed-induced alterations in cell-mediated immunity of

mice in vivo. Fed. Proc&dquo; 39, 479 (Abstr. no 11221.
BLECHA F. KELLEY K.W., 1980. Cold stress and absorption of colostral immunoglobulins in piglets.

American Society Animal Science, 1980, Meeting Abstracts n° 83, p. 139.
BLECHA F. KELLEY K.W., 1981a. Cold stress reduces the acquisition of colostral immunoglobulins in

piglets. J. Anim. Sci. (in press).
BLECHA F., KELLEY K.W., 1981b. Cold and weaning stressors alter the antibody-mediated immune

response of pigs. J. Amin. Sci. (in press).
BORING W.D., ZU RHEIN G.M., WALKER D.L., 1956. Factors influencing host-virus interactions. II. Alte-

ration of Coxsackie virus infection in adult mice by cold. Proc. Soc. Exp. Biol. Med., 93, 273-277.
BOURNE F.J., 1976. Humoral immunity in the pig. Vet. Rec., 98, 499-501.
BRAYTON A.R., BRAIN P.F., 1974. Studies on the effects of differential housing on some measures of dis-

ease resistance in male and female laboratory mice. J. Endocrinol., 61, xlviii-xlix (Abstr).
BRAYTON A.R., BRAIN P.F., 1975. Effects of differential housing and glucocorticoid administration on im-

mune responses to sheep red blood cells in albino TO strain mice. J. Endocrinol., 64, 4P-5P (Abstr).



CANTOR H., SIMPSON E., SATO V.L., FATHMAN C.G., HERZENBERG L.A., 1975. Characterization of
subpopulations of T lymphocytes I. Separation and functional studies of peripheral T-cells binding
different amounts of fluorescent anti-thy 1.2 (theta) antibody using a fluorescence-activated cell sorter
(FACS). Cell. lmmunol., 15, 180-196.

CARMICHAEL L.E., BARNES F.D., PERCY D.H., 1969. Temperature as a factor in resistance of young
puppies to canine herpesvirus. J. lnfect. Dis., 120, 669-678.

CARMICHAEL L.E., BARNES F.D., 1969. Effect of temperature on growth of canine herpesvirus in canine
kidney cell and macrophage cultures. J. lnfect. Dis., 120, 664-668.

CASEY F.B., 1973. Altered half-life of specific antibody activity in mice due to exposure to environmental
temperature extremes. Life Sci., 13, 953-958.

CASTANEDA M.R., 1937. The role of the body temperature in experimental typhus infection. J. /m-
munol, 33, 101-110.

CHAFFEE R.R., MARTIN C.M., 1962. The immune response in cold-acclimated mice. Proc. Soc. Exp.
Biol. Med., 111, 375-377.

CHANDRA R.K., 1980. Nutritional deficiency, immune responses, and infectious illness. Fed. Proc., 39,
3086-3108.

CHANG S.S., RASMUSSEN A.F., Jr., 1965. Stress-induced suppression of interferon production in virus-
infected mice. Nature, 205, 623-624.

CHEVILLE N.F., 1979. Environmental factors affecting the immune response of birds. A review. Avian Dis.,
23, 308-314.

CLARK H.F., SHEPARD C.C., 1963. Effect of environmental temperatures on infection with Mycobacterium
marinum (balnei) of mice and a number of poikilothermic species. J. Bacteriol, 86, 1057-1069.

COLVIN J.W., MILLS C.A., 1939. Ease of body heat loss and resistance to infection. Science, 90, 275-276.
COOPER W.C., GOOD R.A., MARIANI T., 1974. Effects of protein insufficiency on immune responsiveness.

Am. J. Clin. Nutr., 27, 647-664.
CRISP A.H., 1970. Some psychosomatic aspects of neoplasia. Br. J. Med. Psychol., 43, 313-331.
CROOKSHANK H.R., ELISSALDE M.H., WHITE R.G., CLANTON D.C., SMALLEY H.E., 1979. Effect of

transportation and handling of calves upon blood serum composition. J. Anim. Sci., 48, 430-435.
CUMMINS J.M., ROSENQUIST B.D., 1977. Effect of hydrocortisone on the interferon response of calves

injected with infectious bovine rhinotracheitis virus. Am. J. Vet. Res., 38, 1163-1166.

CUMMINS J.M., ROSENQUIST B.D., 1979. Leukocyte changes and interferon production in calves injected
with hydrocortisone and infected with infectious bovine rhinotracheitis virus. Am. J. Vet. Res., 40,
238-240.

CURTIS S.E., KINGDON D.A., SIMON J., DRUMMOND J.G., 1976. Effects of age and cold on pulmonary
bacterial clearance in the young pig. Am. J. Vet. Res., 37, 299-301.

DAVIS D.E., READ C.P., 1958. Effect of behavior on development of resistance to trichinosis. Proc. Soc.
Exp. Biol. Med., 99, 269-272.

DeMAEYER E., DeMAEYER J., 1963. Two-sided effect of steroids on interferon in tissue culture. Nature,
197, 724-725.

DeKRUIF P., SIMPSON W.M., 1941. Possible significance of the inhibitory effect of fever on anaphylactic
phenomena. J. Lab. Clin. Med., 26, 125-130.

DICKSON J.A., ELLIS H.A., 1974. Stimulation of tumor cell dissemination by raised temperature (42C) in
rats with transplanted Yoshida tumors. Nature, 248, 354-358.

DICKSON J.A., MUCKLE D.S., 1972. Total-body hyperthermia versus primary tumor hyperthermia in the
treatment of the rabbit VX-2 carcinoma. Cancer Res., 32, 1916-1923.

DONALD K.J., 1972. Elevated rates and altered characteristics of the clearance of carbon from the blood
of rabbits with variations in environmental conditions. J. Pathol., 107, 73-85.

DUERSCHNER D.R., MUSCHENHEIM C., HARDY J.D., 1943. Hypothermia in experimental infections.
II. Effect of hypothermia on tuberculin sensitivity in guinea pigs. J. lnfect. Dis., 72, 183-186.

EBBESEN P., 1968. Spontaneous amyloidosis in differently grouped and treated DBA/2, BALB/c and
CBA mice and thymus fibrosis in estrogen-treated BALB/c males. J. Exp. Med., 127, 387-410.

EBBESEN P., RASK-NIELSON R., 1967. Influence of sex-segregated grouping and of inoculation with
subcellular leukemic material on development of nonleukemic lesions in DBA/2, BALB/c and CBA
mice. J. Natl Cancer Inst., 39, 917-925.

EDWARDS E.A., RAHE R.H., STEPHENS P.M., HENRY J.P., 1980. Antibody response to bovine serum
albumin in mice : the effects of psychological environmental change. Proc. Soc. Exp. Biol. Med., 164,
478-481.



EDWARDS E.A., DEAN L.M., 1977. Effects of crowding of mice on humoral antibody formation and
protection to lethal antigenic challenge. Psychosom. Med., 39, 19;24.

EISEMAN B., MALETTE W.G., WOTKYNS R.S., SUMMERS W.B., TONG J.L., 1956. Prolonged hypo-
thermia in experimental pneumococcal peritonitis. J. Clin. Invest., 35, 940-946.

EISEMAN B., WOTKYNS R.S., HIROSE H., 1964. Hypothermia and infection : three mechanisms of host

protection in type III pneumococcal peritonitis. Ann. Surg., 160, 994-1006.
ELLERSIECK M.R., VEUM T.L., DURHAM T.L., McVICKERS W.R., McWILLIAMS S.N., LASLEY J.F.,

1979. Response of stress-susceptible and stress-resistant Hampshire pigs to electrical stress. 11. Ef-
fects on blood cells and blood minerals. J. Anim. Sci., 48, 453-458.

ESKOLA J., RUUSKANEN 0., SOPPI E., VILJANEN M.K., JARVINEN M., TOIVONEN H., KOUVALAINEN
K., 1978. Effect of sport stress on lymphocyte transformation and antibody formation. Clin. Exp. lm-
munol., 32, 339-345.

FALLON R.J., 1978. The effect of immunoglobulin levels on calf performance and methods of artificially feed-
ing colostrum to the new born calf. Ann. Rech. Vet., 9, 347-352.

FEDOR E.J., FISHER E.R., LEE S.H., WEITZEL W.K., FISHER B., 1956. Effect of hypothermia upon induced
bacteremia. Proc. Soc. Exp. Biol. Med., 93, 510-512.

FOLCH H., WAKSMAN B.H., 1974. The splenic suppressor cell. I. Activity of thymus-dependent adherent
cells : changes with age and stress. J. lmmunol., 113, 127-139.

FOX B.H., 1978. Premorbid psychological factors as related to cancer incidence. J. Behav. Med., 1, 45-133.
FRIEDMAN S.B., ADER R., GLASGOW L.A., 1965. Effects of psychological stress in adult mice inoculated

with Coxsackie B viruses. Psychosom. Med., 27, 361-368.
FRIEDMAN S.B., GLASGOW L.A., ADER R., 1969. Psychosocial factors modifying host resistance to

experimental infections. N. Y. Acad. Sci., 164, 381-393.
FURUUCHI S., SHIMIZU Y., 1976. Effect of ambient temperatures on multiplication of attenuated trans-

missible gastroenteritis virus in the bodies of newborn piglets. lnfect. Immun., 13, 990-992.

GEBER W.F., ANDERSON T.A., VanDYNE V., 1966. Physiologic responses of the albino rat to chronic
noise stress. Arch. Environ. Health, 12, 751-754.

GERSHBEIN L.L., BENUCK I., SHURRAGER P.S., 1974. Influence of stress on lesion growth and on sur-
vival of animals bearing parenteral and intracerebral leukemia L 1210 and Walker tumors. Onco%gy 30,
429-435.

GISLER R.H., BUSSARD A.E., MAZit J.C., HESS R., 1971. Hormonal regulation of the immune response.
I. Induction of an immune response in vitro with lymphoid cells from mice exposed to acute systemic
stress. Cell. lmmunol., 2, 634-645.

GISLER R.H., SCHENKEL-HULLIGER L., 1971. Hormonal regulation of the immune response. 11. Influence
of pituitary and adrenal activity on immune responsiveness in vitro. Cell Immunol, 2, 646-657.

GLENN W.G., BECKER R.E., 1969. Individual versus group housing in mice : immunological response to
time-phased injections. Physiol. Zool., 42, 411-416.

GOLDMAN L., 1939. The effect of fever artificially induced on the skin sensitivity of guinea pigs to turpen-
tine. J. Invest. Dermatol., 2, 281-287.

GORDON W.A., 1963. Environmental studies in pig housing. V. The effects of housing on the degree and
incidence of pneumonia in bacon pigs.Brit. Vet. J., 119, 307-314.

GOTTSCHALL R.Y., DeKRUIF P., COPE H.E., LAURENT D., 1944. The effect of artificially induced fever
on anaphylactic shock in actively sensitized guinea pigs. J. Lab. Clin. Med., 29, 614-623.

GOWEN G.F., , FRIOU C.J., 1961. The influence of hypothermia on experimental bacteremia in dogs. Sur-
gery, 50, 919-921.

GREEN G.M., KASS E.H., 1965. The influence of bacterial species on pulmonary resistance to infection in
mice subjected to hypoxia, cold stress, and ethanolic intoxication. Br. J. Exp. Pathol., 46, 360-366.

GROSS W.B., 1962. Blood cultures, blood counts and temperature records in an experimentally produced
« air sac disease » and uncomplicated Escherichia coli infection of chickens. Poult. Sci., 41, 691-700.

GROSS W.B., 1972. Effect of social stress on occurrence of Marek’s disease in chickens. Am. J. Vet. Res.,
33, 2275-2279.

GROSS W.B., 1976. Plasma steroid tendency, social environment and Eimeria necatrix infection. P6uft. Sci.,
55, 1508-1512.

GROSS W.B., SIEGEL P.B., HALL R.W., DOMERMUTH C.H., DUBOISE R.T., 1980. Production and
persistence of antibodies in chickens to sheep erythrocytes. 2. Resistance to infectious diseases. Poult
Sci., 59, 205-210.



GROSS W.B., COLMANO G., 1969. The effect of social isolation on resistance to some infectious diseases.
Poult. Sci., 48, 514-520.

GROSS W.B., COLMANO G., 1971. Effect of infectious agents on chickens selected for plasma corti-
costerone response to social stress. Poult. Sci., 50, 1213-1217.

GROSS W.B., SIEGEL H.S., 1965. The effect of social stress on resistance to infection with Escherichia
coli or Mycoplasma gallisepticum. Poult. Sci., 44, 998-1001.

GROSS W.B., SIEGEL P.B., 1973. Effect of social stress and steroids on antibody production. Avian Res.,
17, 807-815.

GROSS W.B., SIEGEL P.B., 1975. Immune response to Escherichia coli. Am. J. Vet. Res., 36, 568-571.
GUY W.B., 1952. Neurogenic factors in contact dermatitis. Arch. Dermatol., 66, 1-8.
GWAZDAUSKAS F.C., GROSS W.B., BIBB T.L., McGILLIARD M.L., 1978. Antibody titers and plasma

glucocorticoid concentrations near weaning in steer and heifer calves. Can. Vet. J., 19, 150-154.

GWAZDAUSKAS F.C., PAAPE M.J., PEERY D.A.D, McGILLIARD M.L., 1980. Plasma gluticocorticoid and
circulatory blood leukocyte response in cattle after sequential intramuscular injections of ACTH. Am. J.
Vet. Res., 41, 1052-1056.

HALL R.D., GROSS W.B., 1975. Effect of social stress and inherited plasma corticosterone levels in
chickens on populations of northern fowl mites, Ornithonyssus sylviarum. J. Parasitol., 61, 1096-1100.

HAMDY A.H., TRAPP A.L., GALE C., KING N.B., 1963. Experimental transmission of shipping fever in
calves. Am. J. Vet. Res., 24, 287-294.

HAMILTON D.R., 1974. Immunosuppressive effects of predator-induced stress in mice with acquired im-
munity to Hymenolepis nana. J. Psychosom. Res., 18, 143-153.

HARTMANN H., HIELMANN P., MEYER H., STEINBACH G., 1976a. General adaptation syndrome in calf
(Selyel. 5. Effect of increased glucocorticosteroid levels on phagocytosis activity of leukocytes, RHS
function and morphology of lymphatic organs. Arch. Exp. Vet. Med., 30, 59-73.

HARTMANN H., BRUER W., HERZOG A., MEYER H., RHODE H., SCHULZE F., STEINBACH G., 1976b.
General adaptation syndrome (Selye) in calf. 6. Stress conditions &horbar; Their impact upon antibody
levels, following active and passive immunisation, and upon the topographic distribution of certain
groups of germs in the gastro-intestinal system. Arch. Exp. Vet. Med., 30, 553-566.

HELLER E.D., NATHAN D.B., PEREK M., 1979. Short heat stress as an immunostimulant in chicks,
Avian Pathol., 8, 195-203.

HILL C.W., GREER W.E., FELSENFELD O., 1967. Psychological stress, early response to foreign protein,
and blood cortisol in vervets. Psychosom. Med., 29, 279-283.

HIRSCH R.L., JEFFRIES B.D., GRAY 1., 1977. Temperature effects on lymphocyte transformation in
vitro. lmmunol. Commun., 6, 63-80.

HOERLEIN A.B., MARSH C.L., 1957. Studies on the epizootiology of shipping fever in calves. J. Am. Vet.
Med. Assoc., 131, 123-127.

HOLT P.G., 1978. Auditory stress and the immune system. J. Sound Vibr., 59, 131-132.
HUDSON R.J., 1973. Stress and in vitro lymphocyte stimulation by phytohemagglutinin in Rocky Moutain

bighorn sheep. Can. J. Zoo/., 51, 479-482.
HUDSON R.J., SABEN H.S., EMSLIE D., 1974. Physiological and environmental influences on im-

munity. Vet. Bull., 44, 119-128.

IPSEN J., Jr., 1951. The effect of environmental temperature on the reaction of mice to tetanus toxin. J.
lmmunol., 66, 687-694.

IPSEN J., Jr., 1952. The effect of environmental temperature on the immune response of mice to tetanus
toxoid. J. lmmunol., 69, 273-283.

IRWIN M.R., McCONNELL S., COLEMAN J.D., WILCOX G.E., 1979. Bovine respiratory disease com-
plex : a comparison of potential predisposing and etiologic factors in Australia and the United States.
J. Am. Vet. Med. Assoc., 175, 1095-1098.

JACOBS M.A., SPILKEN A., NORMAN M., 1969. Relationship of life change, maladoptive aggression, and
upper respiratory infection in male college students. Psychosom. Med., 31, 31-44.

JANEWAY C.A., Jr., 1973. The mechanisms of a hapten-specific helper effect in mice. J. lmmunol., 111,
1250-1256.

JENNINGS A.R., GLOVER R.E., 1952. Enzootic pneumonia in calves. 11. The experimental disease. J.
Comp. Path., 62, 6-22.

JENSEN M.M., 1968. Transitory impairment of interferon production in stressed mice. J. lnfect. Dis., 118,
230-234.



JENSEN M.M., 1969. Changes in leukocyte counts associated with various stressors. J. Reticuloendothel.
Soc., 6, 457-465.

JENSEN M.M., 1973. Possible mechanisms of impaired interferon production in stressed mice. Proc. Soc.
Exp. Biol. Med., 142, 820-823.

JENSEN M.M., RASMUSSEN A.F. Jr, 1963. Stress and susceptibility to viral infections. II. Sound stress

and susceptibility to vesicular stomatitis virus. J. lmmunol., 90, 21-23.
JERICHO K.W., DARCEL C. le Q., 1978. Response of the respiratory tract of calves kept at controlled

climatic conditions to bovine herpesvirus I in aerosol. Can. J. Comp. Med., 42, 156-167.

JERICHO K.W., LANGFORD E.V., 1978. Pneumonia in calves produced with aerosols of bovine herpes-
virus I and Pasieurella haemolytica. Can. J. Comp. Med., 42, 269-277.

JERICHO K.W., MAGWOOD S.E., 1977. Histological features of respiratory epithelium of calves held at dif-
fering temperature and humidity. Can. J. Comp. Med., 41, 369-379.

JOASOO A., McKENZIE J.M., 1976. Stress and the immune response in rats. Int. Arch. Allergy, 50,
659-663.

JOHNSSON T., LAVENDER J.F., HULTIN E., RASMUSSEN A.F., Jr., 1963. The influence of avoidance-
learning stress on resistance to Coxsackie B virus in mice. J. Immunol., 91, 569-575.

JONES R., BAETJER A.M., REID L., 1971. Effects of extremes of temperature and humidity on the goblet
cell count in the rat airway epithelium. Br. J. Ind. Med., 28, 369-373.

JUNGE J.M., ROSENTHAL S.M., 1948. The effect of environmental temperature upon resistance to

pneumococcal infection under sulfadiazine therapy, and upon body temperature and oxygen consump-
tion during infection. J. Immunol., 58, 237-244.

JUSZKIEWICZ T., CAKALOWA A., STEFANIAKOWA B., MADEJSKI Z., 1967. Experimental pasteurella
infection in normal and chlorpromazine-premedicated cockerels, subjected to heat stress. Pol. Arch.
Weter. (Tom), 10, 601-614.

JUSZKIEWICZ T., 1967. Experimental Pasteurella multocida infection in chickens exposed to cold : bio-
chemical and bacteriological investigations. Pol. Arch. Weter. (Tom), 10, 615-625.

KATAYAMA S., SHIONOYA H., OHTAKE S., 1978. A new method for extraction of extravasated dye in the
skin and the influence of fasting stress on passive cutaneous anaphylaxis in guinea pigs and rats.

Microbiol. /m/7?t/no/., 22, 89-101.
KAUFMAN H.M., NORTHEY W.T., 1968. Effect of hypothermia on leukocytic phagocytosis in rabbits.

Aerosp. Med., 39, 717-721.
KELLEY K.W., GREENFIELD R.E., EVERMAN J.F., PARISH S.M., 1980. Immunosuppression in calves

caused by heat and cold stress. American Society Animal Science, 1980. Meeting Abstracts n° 102, p. 147.
KELLEY K.W., OSBORNE C.A., EVERMAN J.F., PARISH S.M.. HINRICHS D.J., 1981. Whole blood

leukocyte vs. separated mononuclear cell blastogenesis in calves : time-dependent changes after ship-
ping. Can. J. Comp. Med. (in press).

KIORPES A.L., YUILL T.M., 1975. Environmental modification of western equine encephalomyelitis
infection in the snowshoe hare (Lepus americanusl. lnfect. Immun., 11, 986-990.

KLIGER LJ., 1927. Relation of temperature to susceptibility of host to disease. Proc. Soc. Exp. Biol. Med.,
25, 20-24.

KLIGER I.J., OLITZKI L., 1931. The relation of temperature and humidity to the course of a B. enteritidis
infection in white mice. Am. J. Hyg., 13, 349-361.

KLIGER I.J., WEITZMAN, 1926. Susceptibility and resistance to trypanosome infection. II. The relation of
physical environment to host susceptibility to infection. J. Exp. Med., 44, 409-417.

KLUGER M.J., 1978. Fever vs. hyperthermia. N. Engl. J. Med., 299, 555.
KOLODNY M.H., 1940. The effect of environmental temperature upon experimental trypanosomiasis

(T. cruzi) of rats. Am. J. Hyg., 32C, 21-23.
KUHN L.R., 1949. Effect of elevated body temperature on cryptococcosis in mice. Proc. Soc. Exp. BioL

Med., 71, 341-343.
LA BARBA R.C., 1970. Experimental and environmental factors in cancer : a review of research with ani-

mals. Psychosom. Med., 32, 259-276.
LARSON W.P., BIETER R.N., LEVINE M., McLIMANS W.F., 1939. Temperature reactions in mice in-

fected with pneumococci. Proc. Soc. Exp. BioL Med., 42, 649-651.
LAUWASSER M., SHANDS J.W., Jr., 1979. Depressed mitogen responsiveness of lymphocytes at skin

temperature. Infect. Immun., 24, 454-459.
LEE L.F., 1978. Chicken lymphocyte stimulation by mitogens : a microassay with whole blood cultures.

Avian Dis., 22, 296-307.



LEE J.A., ROUSSEL J.D., BEATTY J.F., 1976. Effect of temperature-season on bovine adrenal cortical
function, blood cell profile, and milk production. J. Dairy Sci., 59, 104-108.

LEVI L., 1971-1980. Society, stress and disease. 4 volumes (1971, 1976, 1978, 1980), Oxford. New York.
LIDWELL O.M., MORGAN R.W., WILLIAMS R.E., 1965. The epidemiology of the common cold. IV. The

effect of weather. J. Hyg., 63, 427-439.
LIEW F.Y., 1977. Regulation of delayed-type hypersensitivity. I. T suppressor cells for delayed-type

hypersensitivity to sheep erythrocytes in mice. Eur. J. Immunol, 7, 714-718.
LILLIE R.D., DYER R.E., ARMSTRONG C., PASTERNACK J.G., 1937. Seasonal variation in intensity of

brain reaction of the St. Louis encephalitis in mice and endemic typhus in guinea pigs. Public Health
Rep., 52, 1805-1822.

LWOFF A., 1959. Factors influencing the evolution of viral diseases at the cellular level and in the organism.
Bacteriol. Rev., 23, 109-124.

LYCKE E., HERMODSSON S., KRISTENSSON K., ROOS B.E., 1971. The herpes simplex virus encephalitis
in mice at different environmental temperatures. Acta Path. Microbiol. Scand., 79, 502-510.

MacDONALD H.R., 1977. Effect of hyperthermia on the functional activity of cytotoxic T-lymphocytes. J.
Natl. Cancer lnst., 59, 1263-1268.

MACKINNON J.E., 1968. The effect of temperature on deep mycoses. /n WOLSTENHOLME G.E.,
PORTER R., Systemic Mycoses, 164-178, Little and Brown, Boston.

MAHESWARAN S.K., THIES E.S., 1975. Development of a microculture system for stimulation of
chicken peripheral blood lymphocytes with Concanavalin A. Am. J. Vet. Res., 36, 1053-1055.

MANDEL A.D., BALISH E., 1977. Effect of space flight on cell-mediated immunity. Aviat. Space Environ.
Med., 48, 1051-1057.

MARINKELLE C.J., RODRIGUEZ E., 1968. The influence of environmental temperature on the patho-
genicity of Trypanosoma cruzi in mice. Exp. Parasitol., 23, 260-263.

MARSH J.T., MILLER B.E., LAMSON B.G., 1959. Effect of repeated brief stress on growth of Ehrlich
carcinoma in the mouse. J. Natl. Cancer Inst., 22, 961-977.

MARSH J.T., LAVENDER J.F., CHANG S., RASMUSSEN A.F., Jr., 1963. Poliomyelitis in monkeys :
decreased susceptibility after avoidance stress. Science, 140, 1414-.1415.

MARSH J.T., RASMUSSEN A.F., Jr., 1960. Response of adrenals, thymus, spleen and leukocytes to
shuttle box and confinement stress. Proc. Soc. Exp. Biol. ,Med., 104, 180-183.

MARSHALL LD., 1959. The influence of ambient temperature on the course of myxomatosis in rabbits. J.
Hyg., 57, 484-497.

MARTIG J., BOSS P.H., NICOLET J., STECK’F., 1976. Etiology and predisposing factors in respiratory
disease of milk-fattened veal calves. Livest. Prod. Sci., 3, 285-294.

MARTIN S.W., SCHWABE C.W., FRANTI C.E., 1975a. Dairy calf mortality rate : the association of

daily meteorological factors and calf mortality. Can. J. Comp. Med., 39, 377-388.
MARTIN S.W., SCHWABE C.W., FRANTI C.E., 1975b. Dairy calf mortality rate : influence of meteo-

rologic factors on calf mortality rate in Tulare County, California. Am. J. Vet. Res., 36, 1105-1109.
McDOWELL C., 1923. The effect of different temperatures and humidities on the resistance of rats to a

pneumococcus infection. Am. J. Hyg., 3, 521-546.
McQUISTION T.E., 1979. Effect of temperature and clofibrate on Plasmodium berghei infection in mice.

Am. J. Trop. Med. Hyg., 28, 12-14.
METTROP P., VISSER P., 1969. Exteroceptive stimulation as a contingent factor in the induction and

elicitation of delayed-type hypersensitivity reactions to 1-chloro-, 2-4, dinitrobenzene in guinea pigs.
Psychophysio%gy 5, 385-388.

METTROP P., VISSER P., 1971. Influence on the induction and elicitation of contact-dermatitis in guinea
pigs. Psychophysio%gy, 8, 45-53.

MILLER J.F., 1961. Immunologic function of the thymus. Lancet, 2, 748-749.
MILLER J.F., 1962. Role of the thymus in transplantation immunity. N. Y. Acad. Sci., 99, 340-354.
MIRAGLIA G.J., BERRY L.J., 1962. Enhancement of salmonellosis and emergence of secondary infection

in mice exposed to cold. J. Bacteriol., 84, 1173-1180.
MIRAGLIA G.J., BERRY L.J., 1963. Possible source of secondary invading staphylococci in mice exposed

to acute cold. J. Baere/70/., 85, 345-348.
MOLOMUT N., LAZERE F., SMITH L.W., 1963. Effect of audiogenic stress upon methylcholanthrene-

induced carcinogenesis in mice. Cancer Res., 23, 1097-1102.
MONJAN A.A., COLLECTOR M.L, 1977. Stress-induced modulation of the immune response. Science,

196, 307-308.



MOORE J.M., MALLMAN W.L., ARNOLD L.R., 1934. Studies on pullorum disease. I. The influence of

different temperatures in brooding. J. Am. Vet. Med. Assoc., 84, 526-536.

MORGAN G.W., THAXTON P., EDENS F.W., 1976. Reduced symptoms of anaphylaxis in chickens by
ACTH or heat. Poult. Sci., 55, 1498-1504.

MUSCHENHEIM C., DUERSCHNER D.R., HARDY J.D., STOLL A.M., 1943. Hypothermia in experimental
infections. Ill. The effect of hypothermia on resistance to experimental pneumococcus infection. J.
Infect. Dis., 72, 187-196.

NATHAN D.B., HELLER E.D., PEREK M., 1976. The effect of short heat stress upon leucocyte count,
plasma corticosterone level, plasma and leucocyte ascorbic acid content. Br. Pbuft. Sci., 17, 481-485.

NATHAN D.B., HELLER E.D., PEREK M., 1977. The effect of starvation on antibody production of chicks.
Poult. Sci., 56, 1468-1471.

NEWBERRY B.H., FRANKIE G., BEATTY P.A., MALONEY B.D., GILCHRIST J.C., 1972. Shock stress and
DMBA-induced mammary tumors. Psychosom. Med., 34, 295-303.

NEWBERRY B.H., GiLDOW J., WOGAN J., REESE R.L., 1976. Inhibition of Huggins tumors by forced re-
straint. Psychosom. Med., 38, 155-162.

NORTHEY W.T., 1965. Studies on the interrelationship of cold environment, immunity and resistance to
infection. I. Qualitative and quantitative studies on the immune response. J. Immunol., 94, 649-657.

OLSON D.P., PAPASIAN C.J., RITTER R.C., 1980. The effects of cold stress on neonatal calves. li.

Absorption of colostral immunoglobulins. Can. J. Comp. Med., 44, 19-23.
OLSON D.P., BULL R.C., WOODARD L.F., KELLEY K.W., 1981. Effects of maternal nutrition res-

triction and cold stress on young calves. Absorption of colostral immunoglobulins. Am. J. Vet. Res.,
in press.

OTIENO L.H., 1972. Influence of ambient temperature on the course of experimental trypanosomiasis in
mice. Ann. Trop. Med. Parasitol., 66, 15-24.

PAAPE M.J., SCHULTZE W.D., MILLER R.H., SMITH J.W., 1973. Thermal stress and circulating erythro-
cytes, leucocytes, and milk somatic cells. J. Dairy Sci., 56, 84-91.

PETERS L.J., KELLY H., 1977. The influence of stress and stress hormones in the transplantability of a non-
immunogenic syngeneic murine tumor. Cancer, 39, 1482-1488.

PITKIN D.H., 1965. Effect of physiological stress on the delayed hypersensitivity reaction. Proc. Soc. Exp.
Biol. Med., 120, 350-351.

PORTER P., 1976. Immunoglobulin mechanisms in health and nutrition from birth to weaning. Proc.
Nutr. Soc., 35, 273-282.

PORTER P., NOAKES D.E., ALLEN W.D., 1970. Intestinal secretion of immunoglobulins and antibodies to
Escherichia coli in the pig. Immunology, 18, 909-920.

PORTER P., ALLEN W.D., 1972. Classes of immunoglobulins related to immunity in the pig. J. Am. Vet.
Med. Assoc., 160, 511-518.

POSTIC B., DeANGELIS C., BREINIG M.K., HO M., 1966. Effect of temperature on the induction of
interferons by endotoxin and viruses. J. Bacteriol., 91, 1277-1281.

PRADHAN S.N., RAY P., 1974. Effects of stress on growth of transplanted and 7,12 dimethyl-
benz[a]anthracene-induced tumors and their modification by psychotropic drugs. J. Natl. Cancer lnsL,
53, 1241-1245.

PREDA V., RUSU V.M., 1977. Delayed effects of unusual temperatures of incubation on antibody-
forming cell system in chickens. Folia biologica, 23, 386-388.

PREVITE J.J., BERRY L.J., 1962. The effect of environmental temperature on the host-parasite relationship
in mice. J. Infect Dis., 110, 201-209.

RABKIN J.G., STRUENING E.L., 1976. Life events, stress, and illness. Science, 194, 1013-1020.
RAM T., HUTT F.B., 1955. The relative importance of body temperature and lymphocytes in genetic

resistance to Salmonella pullorum in fowl. Am. J. Vet. Res., 16, 437-449.
RASHKIS H.A., 1952. Systemic stress as an inhibitor of experimental tumors in Swiss mice. Science,

116, 169-171.
RASMUSSEN A.F., Jr., 1969. Emotion and immunity. N.Y. Acad. Sci., 164, 458-462.
RASMUSSEN A.F., Jr., MARSH J.T., BRILL N.Q., 1957. Increased susceptibility to herpes simplex in

mice subjected to avoidance-learning stress or restraint. Proc. Soc. Exp. Biol. Med., 96, 183-189.
RASMUSSEN A.F., Jr., SPENCER E.S., MARSH J.T., 1959. Decrease in susceptibility of mice to

passive anaphylaxis following avoidance-learning stress. Proc. Soc. Exp. Bio/. Med., 100, 878-879.
REGNIER J.A., KELLEY K.W., GASKINS C.T., 1980. Acute thermal stressors and synthesis of antibodies

in chickens. Poult. Sci., 58, 985-990.



REGNIER J.A., KELLEY K.W., 1981. Heat- and cold-stress suppresses in vivo and in vitro cellular immune
responses of chickens. Am. J. Vet. Res., 42, 294-299.

ROBERTS N.J., Jr., 1979. Temperature and host defense. Microbiol. Rev., 43, 241-259.
ROBERTS N.J., Jr., SANDBERG K., 1979. Hyperthermia and human leukocyte function. 11. Enhanced

production of and response of leukocyte migration inhibition factor (LIF). J. lmmunol., 122, 1990-1993.
ROBERTS N.J., Jr., STEIGBIGEL R.T., 1977. Hyperthermia and human leukocyte function : effects on

response of lymphocytes to mitogen and antigen and bactericidal capacity of monocytes and neutro-
phils. lnfect. Immun., 18, 673-679.

ROBINSON J.H., EASTERDAY B.C., TUMOVA B., 1979. Influence of environmental stress on avian
influenza virus infection. Avian Dis., 23, 346-353.

RODBARD D., WASCHSLICHT-RODBARD H., RODBARD S., 1980. Temperature : a critical factor
determining localization and natural history of infectious, metabolic and immunological diseases. Pers-
pect. Biol. Med., 23, 439-474.

ROY J.H., STOBO I.J., GASTON H.J., GANDERTON P., SHOTTON S.M., OSTLER D.C., 1971. The
effect of environmental temperature on the performance and health of the pre-ruminant and ruminant
calf. Brit. J. Nutr., 26, 363-381.

RYTEL M.W., KILBOURNE E.D., 1966. The influence of cortisone on experimental viral infection.
VIII. Suppression by cortisone of interferon formation in mice injected with Newcastle disease virus.
J. Exp. Med., 123, 767-775.

SABISTON B.H., Ste. ROSE J.E., 1976. Effect of cold exposure on the metabolism of immunoglobulins in
rabbits. J. Immunol., 116, 106-111.

SABISTON B.H., Ste-ROSE J.E., CINADER B., 1978. Temperature stress and immunity in mice : effects of
environmental temperature on the antibody response to human immunoglobulin of mice differing in age
and strain. J. lmmunogenetics, 5, 197-212.

SASLAW S., WILSON H.E., DOAN C.A., WOOLPERT O.C., SCHWAB J.L., 1946. Reactions of monkeys
to experimentally induced influenza virus A infection : an analysis of the relative roles of humoral and
cellular immunity under conditions of optimal or deficient nutrition. J. Exp. Med., 84, 113-125.

SAUNDERS J.R., BERMAN D.T., 1964. Epizootiologic studies of shipping fever. 11. Exposure of calves to
pasteurellae and para-influenza 3 virus. Can. J. Comp. Med., 28, 57-62.

SCHECHTER M., STOWE S.M., MOROSON H., 1978. Effects of hyperthermia on primary and metastatic
tumor growth and host immune response in rats. Cancer Res., 38, 498-502.

SCHMIDT J.R., RASMUSSEN A.F., Jr., 1960. The influence of environmental temperature on the
course of experimental herpes simplex infection. J. lnfect. Dis., 107, 356-360.

SELMAN LE., McEWAN A.D., FISHER E.W., 1971. Studies on dairy calves allowed to suckle their dams
fixed times post partum. Res. Vet. Sci., 12, 1-6.

SELYE H., 1936. A syndrome produced by diverse nocuous agents. Nature, 138, 32.
SELYE H., 1976. Stress in health and disease. 1256 pp., Buttervvorths, Boston.

SETO F., 1972., Effects of temperature on antibody production by chicken immunocytes. Poult. Sci., 51,
1222-1228.

SHEPARD C.C., 1965. Temperature optimum of Mycobacterium leprae in mice. J. Bacteriol., 90, 1271-1275.
SHIMIZU M., SHIMIZU Y., KODAMA Y., 1978. Effects of ambient temperatures on induction of trans-

missible gastroenteritis in feeder pigs. lnfect. Immun., 21, 747-752.
SHOPE R.E., 1955. The swine lungworm as a reservoir and intermediate host for swine influenza virus.

V. Provocation of swine influenza by exposure of prepared swine to adverse weather. J. Exp. Med.,
102, 567-572.

SIEGEL H.S., 1971. Adrenals, stress and the environment. World’s Poult. Sci. J., 27, 327-349.
SIEGEL H.S., 1980. Physiological stress in birds. Bioscience, 30, 529-534.
SIEGEL H.S., LATIMER J.W., 1975. Social interactions and antibody titers in young male chickens

( Gallus domesticusl. Anim. Behav., 23, 323-330.
SIERS D.G., DeKAY D.E., MERSMANN H.J., BROWN L.J., STANTON H.C., 1976. Late gestation feeding

of dichlorvos : a physiological characterization of the neonate and the growth-survival response. J.
Anim. Sci., 42, 381-392.

SIMPSON E., CANTOR H., 1975. Regulation of the immune response by subclasses of T lymphocytes.
II. The effect of adult thymectomy upon humoral and cellular responses in mice. Eur. J. lmmunol., 5,
337-343.

SKLAR L.S., ANISMAN H., 1979. Stress and coping factors influence tumor growth. Science, 205, 513-515.



SMITH J.B., KNOWLTON R.P., AGARWAL S.S., 1978. Human lymphocyte responses are enhanced by
culture at 40C. J. lmmunol., 121, 691-694.

SOAVE O.A., 1962. Reactivation of rabies virus in a guinea pig with adrenocorticotropic hormone. J.
lnfect. Dis., 110, 129-131.

SOAVE O.A., 1964. Reactivation of rabies virus in a guinea pig due to the stress of crowding. Am. J. Vet.

Res., 25, 268-269.
SOERJADI A.S., DRUITT J.H., LLOYD A.B., CUMMING R.B., 1979. Effect of environmental temperature

on susceptibility of young chickens to Salmonella typhimurium. Aust. Vet. J., 55, 413-417.
SOLOMON G.F., 1969a. Emotions, stress, the central nervous system and immunity. N.Y. Acad. Sci.,

164, 335-343.
SOLOMON G.F., 1969b. Stress and antibody response in rats. Int. Arch. Allergy, 35, 97-104.
SOLOMON G.F., MERIGAN T.C., LEVINE S., 1967. Variation in adrenal cortical hormones within physio-

logic ranges, stress and interferon production in mice. Proc. Soc. Exp. Biol. Med., 126, 74-79.
SOLOMON G.F., LEVINE S., KRAFT J.K., 1968. Early experience and immunity. Nature, 220, 821-822.
SOPER F.F., MUSCOPLAT C.C., JOHNSON D.W., 1978. In vitro stimulation of bovine peripheral blood

lymphocytes : analysis of variation of lymphocyte blastogenic response in normal dairy cattle. Am. J.
Vet. Res., 39, 1039-1042.

SPALATIN J., HANSON R.P., 1974. Effect of food and water deprivation of chickens prior to exposure to
Newcastle disease virus. Avian Dis., 18, 326-330.

SPICER C.C., 1959. Influence of some meteorological factors in the incidence of poliomyelitis. Br. J. Prev.
Soc. Med., 13, 139-144.

STAPLES G.E., HAUGSE C.N., 1974. Losses in young calves after transportation. Br. Vet. J., 130,
374-378.

STARK J.M., 1970. Rate of antigen catabolism and immunogenicity of [1311] BGG in mice. Immunogenicity
of [’j’I] BGG and adjuvant action after alteration of the metabolic rate by various means. /m-

muno%gy,19, 457-464.
STEPHENS D.B., 1980. Stress and its measurement in domestic animals : a review of behavioral and physio-

logical studies under field and laboratory situations. Adv. Vet. Sci. Comp. Med., 24, 179-210.
Ste. ROSE J.E., SABISTON B.H., 1971. Effect of cold exposure on the immunologic response of rabbits to

human serum albumin. J. lmmunol., 107, 339-343.
STOTT G.H., 1980. Immunoglobulin absorption in calf neonates with special considerations of stress. J.

Dairy Sci., 63, 681-688.
STOTT G.H., WIERSMA F., MENEFEE B.E., RADWANSKI F.R., 1976. Influence of environment on

passive immunity in calves. J. Dairy Sci., 59, 1306-1311.
SUBBA RAO D.S., GLICK B., 1970. Immunosuppressive action of heat in chickens. Proc. Soc. Exp.

Biol. Med., 133, 445-448.
SUBBA RAO D.S., GLICK B., 1977. Effect of cold exposure on the immune response of chickens. Poult.

Sci., 56, 992-996.
SUSKIND R.R., ISHIHARA M., 1965. The effects of wetting on cutaneous vulnerability. Arch. Environ.

Health, 11, 529-537.
TEODORU C.V., SHWARTZMAN G., 1956. Endocrine factors in pathogenesis of experimental poliomyelitis

in hamsters. Role of inoculatory and environmental stress. Proc. Soc. Exp. Biol. Med., 91, 181-187.
THAXTON P., 1978. Influence of temperature on the immune response of birds. Poult. Sci., 57, 1430-1440.
THAXTON P., SADLER C.R., GLICK B., 1968. Immune response of chickens following heat exposure or

injections with ACTH. Poult. Sci., 47, 264-266.
THAXTON P., WYATT R.D., HAMILTON P.B., 1974. The effect of environmental temperature on para-

typhoid infection in the neonatal chicken. Poult. Sci., 53, 88-94.
THAXTON P., BRIGGS D.M., 1972. Effects of immobilization and formaldehyde on immunological res-

ponsiveness in young chickens. Poult. Sci., 51, 342-344.
THAXTON P., SIEGEL H.S., 1970. lmmunodepression in young chickens by high environmental temperature.

Poult. Sci., 49, 202-205.
THAXTON P., SIEGEL H.S., 1972. Depression of secondary immunity by high environmental temperature.

Poult. Sci., 51, 1519-1526.
THAXTON P., SIEGEL H.S., 1973. Modification of high temperature and ACTH induced immunodepression

by metyrapone. Poult. Sci., 52, 618-624.
TOBACH E., BLOCH H., 1956. Effect of stress by crowding prior to and following tuberculous infection.

Am, J. Physiol., 187, 399-402.



TOP F.H., 1964. Environment in relation to infectious diseases. Arch. Environ. Health, 9, 699-723.

TRAPANI LL., CAMPBELL D.H., 1959. Passive antibody decay in rabbits under cold or altitude stress. J.
Appl. Physiol., 14, 424-426.

TREADWELL P.E., RASMUSSEN A.F., Jr., 1961. Role of the adrenals in stress-induced resistance to
anaphylactic shock. J. lmmunol., 87, 492-497.

TRENKLE A., 1978. Relation of hormonal variations to nutritional studies and metabolism of ruminants. J.
Dairy Sci., 61, 281-293.

VAUGHN L.K., KLUGER M.J., 1977. Fever and survival in bacterially infected rabbits. Fed. Proc., 36, 511 1
(abstract no 1262).

VESSEY S.H., 1964. Effects of grouping on levels of circulating antibodies in mice. Proc. Soc. Exp. Biol.
Med., 115, 252-255.

WALKER D.L., BORING W.D., 1958. Factors influencing host-virus interactions. 111. Further studies on the
alteration of Coxsackie virus infection in adult mice by environmental temperature. Proc. Soc. Exp. Biol.
Med., 80, 39-44.

WEBSTER A.C., 1975. The adverse effect of environment on the response to distemper vaccination. Aust.
Vet. J., 51, 488-490.

WEBSTER A.J., 1970. Environmental and physiological interactions influencing resistance to infectious
disease. /n : DUNLOP R.H., MOON H.W., Resistance to infectious disease, 60-80, Modern Press,
Saskatoon.

WEGNER T.N., SCHUH J.D., NELSON F.E., STOTT G.H., 1976. Effect of stress on blood leucocyte and
milk somatic cell counts in dairy cows. J. Dairy Sci., 59, 949-956.

WEINER H.M., 1977. Psychobio%gy and human disease. 665 pp., Elsevier, New York.
WEINMANN C.J., ROTHMAN A.H., 1967. Effects of stress upon acquired immunity to the dwarf tapeworm,

Nymeno%pis nana. Exp. Parasitol., 21, 61-67.
WELLS M.W., 1944. Seasonal patterns of measles and chickenpox. Amer. J. Hyg., 40, 279-317.
WILSON M.R., 1974. Immunologic development of the neonatal pig. J. Anim. Sci., 38, 1018-1021.
WISTAR R., Jr., HILDEMANN W.H., 1960. Effect of stress on skin transplantation immunity in mice.

Science, 131, 159-160.
WOODARD L.F., ECKBLAD W.P., OLSON D.P., BULL R.C., EVERSON D.O., 1980a. Effects of maternal

protein-energy malnutrition on lymphoblastogenic responses of bovine neonates subjected to cold
stress. Am. J. Vet. Res., 41, 561-563.

WOODARD L.F., ECKBLAD W.P., OLSON D.P., BULL R.C., EVERSON D.O., 1980b. Effects of maternal
protein-energy malnutrition and cold stress on neutrophil function of bovine neonates. Am. J. Vet. Res.,
41, 1208-1211.

WOODARD L.F., ECKBLAD W.P., OLSON D.P., BULL R.C., EVERSON D.O., 1980c. Hemolytic com-
plement levels of neonatal calves delivered from protein-energy malnourished dams and subjected to
cold stress. Cornell Vet., 70, 266-271.

YAMADA A., JENSEN M.M., RASMUSSEN A.F., Jr., 1964. Stress and susceptibility to viral infections.
III. Antibody response and viral retention during avoidance learning stress. Proc. Soc. Exp. Biol. Med.,
116, 677-680.


