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ABSTRACT

Newborn Holstein-Friesian calves were
cold stressed by immersion in water at
15 to 170C until the core body tempera-
ture was lowered by 10°C. Non-cold
stressed calves were immersed in water at
thermoneutral temperature (35 to 37°C).
The time required to lower the core body

temperature of the cold stressed calves by
100C was 172 ± 87 minutes (mean + SD).
The time required for the core body tem-
perature of the cold stressed calves to re-
turn to normal after immersion was 400 ±
140 minutes (mean + SD).

Differences were observed between
cold and noncold stressed calves in the
shivering response during immersion and
the clinical condition after immersion.
Cold-induced pathological lesions were
confined to tissues located peripherally,
particularly in the hind legs. Significant
differences were observed between cold
and noncold stressed calves in the inci-
dence of subcutaneous edema in the
ventral sternum (P- 0.025), subcutane-
ous hemorrhage in the hind legs (P
0.025), synovitis (P c 0.025) and hemor-
rhage (P - 0.05) of the synovial mem-
branes of the hock joints and hemorrhage
(P 0.05) into the hock joint cavities.
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The similarities between the clinical
observations and pathological lesions ob-
served in the present study and those re-
ported for cold stress in newborn infants
and the weak calf syndrome are dis-
cussed.

RESUME

Cette experience visait 'a provoquer le
stress du froid chez deux groupes de
veaux Holstein-Friesian nouveau-nes, en
les immergeant dans un bassin d'eau dont
la temperature variait de 15 'a 170C, jus-
qu'a ce que leur temperature descende de
100C. On immergea par ailleurs un grou-
pe de veaux temoins dans un bassin d'eau
dont la temperature ne variait que de 35
Li 370C.

I1 fallut 172 ± 87 minutes (moyenne +
DS) pour faire descendre la temperature
des veaux experimentaux de 100C. Le
temps requis pour ramener 'a la normale
la temperature de ces veaux fut de 400
± 140 minutes (moyenne + DS).
On nota des differences relatives au

frissonnement des veaux experimentaux
et des temoins, durant leur immersion, et
a leur condition clinique ulterieure. Les
lesions attribuables au froid se limitaient
surtout aux tissus p6riphiriques des
membres posterieurs. On nota des diffe-
rences appreciables entre les veaux expe-
rimentaux et les t6moins, relativement La
l'incidence d'oedeme sous-cutane sternal
(P < 0.025), d'hemorragie sous-cutanee
des membres posterieurs (P < 0.025), d'in-
flammation (P < 0.025) et d'hemorragie
(P < 0.05) des gaines synoviales tar-
siennes, ainsi qu'a celle d'hemorragies
(P < 0.05) articulaires tarsiennes.
Les auteurs commentent les similitudes

entre les observations cliniques et les 16-
sions qu'ils noterent, au cours de cette
exp6rience, et celles que rapportent des
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articles anterieurs, en ce qui concerne le
stress du froid, chez les enfants nouveau-
nes, et le syndrome des veaux faibles.

experimental groups. Calves in groups 1
and 2 were cold stressed, whereas calves in
group 3 were noncold stressed.

TREATMENT METHOD

INTRODUCTION

Many calves in the western states are
born during winter and early spring.
Calving during this time often occurs
under harsh weather conditions. Field
studies have shown that calf mortality
rates are higher during winter and early
spring than at other times of the year
(11, 14, 17, 21). Cold and fluctuating air
temperatures and excessive wind and
moisture are common weather-related
thermal (cold) stressors during this pe-
riod and may contribute to reduced survi-
val of newborn calves (11, 21).
Newborn calves are more susceptible

to the effects of cold exposure than are
mature cattle (6, 20) because their cold
defense and heat conservation rnechan-
isms are not fully developed. Factors
which may enhance excessive loss of body
heat by calves include a relatively high
ratio of body surface to body mass, thin
skin, small quantity of subcutaneous fat,
poor cutaneous vascular control and evapor-
ative heat loss from the wet skin at birth
(6, 11, 20).
Previous studies have described the phy-

siological (1, 2) and pathological (7)
changes observed in cold stressed lambs.
The authors are not aware of similar
studies in calves.
The work reported here was undertaken

to determine the clinical and pathological
effects of cold stress on newborn calves.
We now report that calves exposed to cold
stress sufficient to cause hypothermia ex-
hibit clinical signs ard pathological lesions
similar to those seen in calves born under
stressful range conditions.

MATERIALS AND METHODS

ANIMALS

Twenty-six colostrum deprived Holstein-
Freisian bull calves were obtained at birth
and used in the study. Each calf was
weighed and then assigned to one of three

A water tank was constructed of plywood
and used for cold treatment of the calves.
The water tank (1.25 m long, 0.75 m wide
and 1.12 m deep) was reinforced at the top
and bottom on the outside by channel irons
and steel rod braces and sealed with wood
screws and fiberglass resin. The water level
in the tank was sufficient to prevent the
calves from touching the bottom of the
tank. Each calf was suspended in a sternal
floating position in the water, the body was
supported and stabilized by two poplin
slings with leg holes and the head was
supported above water by a halter.

Calves in groups 1 and 2 were cold
stressed by immersion in water at 15 to
17°C. The animals were removed from the
water tank after the core body tem-
perature (CBT) was lowered 10°C, trans-
ferred to a cold room at 4°C and bedded
with wet wood shavings. Calves in group 1
were euthanatized at two hours, while those
in group 2 were euthanatized at 72 to 96
hours after removal from the water tank.
Calves in group 3 were immersed for two
hours in water at thermoneutral tempera-
ture (33 to 35°C) and then transferred to
a room which was maintained at 25°C and
bedded with dry straw. Calves in group 3
were euthanatized at 72 to 96 hours after
removal from the water tank.
The CBT of the calves was measured with

a thermisterl probe which was inserted
through the anus and into the colon a dis-
tance of 20 cm. A telethermometer1 was
used to record the temperature. Core body
temperatures were measured prior to im-
mersion, every five minutes during immer-
sion and at 15 minute intervals after the
calves were removed from the water vat
and until the temperatures had stabilized.
Thereafter, CBT were measured approxi-
mately every 12 hours for the remainder of
the experiment. The clinical condition
(shivering and behavioral response) of
calves was also noted during and after im-
mersion.

'Yellow Springs Instrument Company, Inc.,
Yellow Springs, Ohio.
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FEEDING SCHEDULE

All calves were fed one liter of pooled
whole colostrum by stomach tube. Calves in
groups 1 and 2 were fed when the CBT had
been lowered 20C or 50C, respectively,
whereas calves in group 3 were fed after 60
minutes of immersion. Calves in groups 2
and 3 were maintained on a diet of recon-
stituted milk replacer for the duration of
the experiment.

PATHOLOGY AND SPECIMENS

Gross pathological lesions were noted at
necropsy. Tissues collected for histopatho-
logical examination included synovial mem-
brane from the hock joints, skin from the
distal portion of the legs and sections from
most major internal body organs. The tis-
sues were fixed in 10% (v/v) neutral buf-
fered formalin and stained with hematoxy-
lin and eosin according to established pro-
cedures (8).

Synovial fluid was collected from the
open hock joint cavities of the calves at
necropsy. The color was noted and the sam-
ples were stored (-200C) until analyzed for
hemoglobin. The amount of hemorrhage
into the hock joint cavity was quantitatively
estimated by measuring the concentration
of hemoglobin in the samples of synovial
fluid as determined by the cyanmethemo-
globin technique.2

STATISTICAL TREATMENT

The time required to lower the CBT of the
cold stressed calves by 100C was 172 + 87
minutes (mean + SD). The time required
for the CBT of the cold stressed calves to
return to normal after removal from the
water tank was 400 ± 140 minutes (mean
+ SD). The typical CBT response of a neo-
natal calf to cold stress is shown (Fig. 1).
There was no obvious association between
the body weight of the individual calves
(mean body weight = 42.3 kg, range =
30.5 to 55.0 kg) and the rate at which CBT
decreased during treatment or increased
after removal from the water tank. The
CBT of calves in group 3 were not affected
by treatment.

Shivering was noted in cold stressed
calves and began approximately ten minutes
after immersion and reached maximum
intensity by 40 minutes. Shivering be-
came less intense or was no longer discern-
ible after the CBT had been lowered by
6 to 8°C. Depression and increased relaxa-
tion of skeletal muscles were consistently
observed in the cold stressed calves from
the time of loss of the shivering response
until removal from the water tank. Shiver-
ing resumed within several minutes after
the calves were removed from the water
tank and continued until the CBT had re-
turned to near normal. Shivering and de-
pression were not observed in calves in
group 3 during treatment.
The clinical condition of calves in group

2 differed from that of calves in group 3
during the period between removal from
the water tank and euthanasia. Calves in

Gross and histopathological lesions ob-
served in the calves were compared by the
Chi-square method of analysis using 2 by 2
contingency tables (16). The amount of
hemorrhage into the hock joint cavities of
the calves was compared by Duncan's new
multiple range test (19).

RESULTS

The mean CBT of calves in groups 1, 2
and 3 before immersion did not differ sta-
tistically. The mean preimmersion CBT for
all calves was 38.4 + 0.60C (mean + SD).

2Hycel Inc., Houston, Texas.
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Fig. 1. Core body temperature response of a
newborn calf subjected to cold stress. The
animal was immersed in 16-C water at 0 time
and removed from the water and transferred
to a 4'C room at 125 minutes.
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TABLE I. Incidence of Gross Pathological Lesions In Cold Stressed (groups 1 and 2) and Noncold Stressed
(group 3) Neonatal Calves

Frequency of Occurence
of Lesionss

Gross Groups Comparison Between Groups (P values)
Pathological
Lesions 1 2 3 1&2 1vs2 2vs3 1&2vs3

Subcutaneous
hemorrhage
in the 4/7b 9/9 4/9 _ NS NS -

forelegs

Subcutaneous
hemorrhage
in the 6/8 9/9 3/9 - NS <0.025 -

hindlegs

Subcutaneous
edema in the 5/15 8/18 1/18 13/33 - - <0.025
legsc

Subcutaneous
edema-ventral 0/8 7/9 1/9 - NS <0.025 -

sternum

'Numerator = the number of the calves with the lesion; denominator = the number of calves examined
WI'he forelegs of one calf from group 1 were excluded from analysis because of severe hemorrhage from dystocia
cNumerator = the number of calves with subcutaneous edema either in the forelegs or hindlegs;
denominator- the numbr of pain of forelegs and hindlegs examined
NS = Not sisnit

group 2 were usually in sternal recumbency,
remained depressed and had greater dif-
ficulty in standing and maintaining their
balance as well as feeding from a nipple
bottle. In contrast, calves in group 3 were
active and alert, appeared physically strong
and readily nursed from a nipple bottle.
The skin surface over the back and lateral
thorax and abdomen of the calves in group
2 felt warm during recovery, whereas, the
skin surface over the extremities, i.e. legs,
ears and tail, felt cold.
The gross pathological lesions observed

in the calves are summarized (Table I, Figs.
2-6). The lesions observed most frequently
in the cold stressed calves (groups 1 and 2)
included subcutaneous edema and ecchy-
motic and suffusion hemorrhages in the
legs and subcutaneous edema in the ventral
region of the sternum. No pathological le-
sions were observed in the internal body
organs examined.
Subcutaneous hemorrhages were observed

in the hind legs of calves from all experi-
mental groups. The incidence of subcu-
taneous hemorrhage in the hind legs was
significantly greater (P 0.025) in the
calves in group 2 than in the calves in group
3. Hemorrhages were most severe in the
lateral and posterior surfaces of the hock
joints and less severe in the metatarsal
region. The hemorrhages in the hind legs

were more severe in the calves in group 2
(Fig. 2) than in the calves in group 1
(Fig. 3). Subcutaneous hemorrhages in the
hind legs of calves in group 3 were either
comparatively mild or usually absent (Fig.
4).
Subcutaneous hemorrhages were also ob-

served in the region of carpal (Fig. 5) and
fetlock (Fig. 6) joints of calves in all
groups. The hemorrhages in the forelegs

Fig. 2. Lateral view of the hock joint of a calf
subjected to cold stress and then allowed to
recover (group 2). Notice the extensive sub-
cutaneous hemorrhage.
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Fig. 3. Lateral view of the hock joint of a calf
subjected to cold stress and then euthanatized
(group 1). Notice the subcutaneous hemor-
rhage (arrows).

Fig. 4. Lateral view of the hock joint of a
noncold stressed calf (group 3). Notice the
absence of subcutaneous hemorrhage.

were generally less severe, however, than
those observed in the hind legs. There was
no significant difference (P > 0.05) be-
tween groups in the incidence of hemor-
rhage in the forelegs.

Subcutaneous edemna in the legs was gen-
erally restricted to the tissues adjacent to
the proximal ends of the large metacarpal
and metatarsal bones. The combined inci-
dence of subcutaneous edema in the legs
of calves in groups 1 and 2 was significantly
greater (P - 0.025) than in the calves in
group 3.
The incidence of subcutaneous edema in

the ventral region of the sternum was
significantly greater (P - 0.025) in the

Fig. 5. Dorsal view of the carpal joint of a
calf subjected to cold stress and then allowed
to recover (group 2). Notice the subcutaneous
hemorrhage.

Fig. 6. Dorsolateral view of the fetlock joint
of the calf in Figure 5. Notice the subcutaneous
hemorrhage.

calves in group 2 than in group 3.
The histopathological lesions observed in

the synovial membranes of the hock joints
of calves are summarized (Table II). The
lesions included mild to severe hemorrhage
and acute synovitis. The acute synovitis
was characterized by accumulation of
edema fluid, fibrin and infiltration of neu-
trophils into the tissue adjacent to the
synovial membrane. Macrophages, lympho-
cytes and plasma cells were also present
in smaller numbers. The incidence of synov-
itis and hemorrhage was significantly
greater (P 0.025 and P - 0.05, respec-
tively) in the hock joints of the calves in
group 2 than in group 3.
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TABLE II. Histopatbological Lesions in the Synovial Membranes and Adjacent Tissues of the Hock Joints of
Cold Stressed (groups 1 and 2) and Noncold Stressed (group 3) Calves

Frequency of Occurence of Comparison Between

Histopathological Groups Groups (! values)
Lesions 1 2 3 I vs 3 2 vs 3

Hemorrhage 5/8a 9/9 4/9 NS <0.05
Synovitis 0/8 7/9 1/9 NS <0.025

aNumerator = the number of calves with the lesion;
denominator = number of calves examined
NS = Not significant

TABLE III. Color of Synovial Fluid from the Hock
Joint Cavities of Cold Stressed (groups 1 and 2) and
Noncold Stressed Calves (group 3)

Color of Synovial Fluida
Yellow Red

Group No. Unilateral Bilateral

I lb - 7
2 1 3 5
3 6 2 1

aYellow coloration = bilateral; unilateral red = the
contralateral side appeared yellow
bNumber of calves observed

Red discoloration of the synovial fluid
of the hock joint cavities was observed in
calves from all groups and in most cases
was bilateral (Table III). The incidence of
discoloration of the synovial fluid was
significantly greater in calves in group 1
(P 0.025) and in group 2 (P c 0.025)
when compared to calves in group 3. The
concentration of hemoglobin in synovial
fluid was determined as a quantitative
estimate of the amount of hemorrhage into
the hock joint cavities of calves (Table IV).
The hemoglobin concentrations in the hock
joint cavities was significantly greater
(P - 0.05) in the calves in groups 1 and 2
than in group 3.

DISCUSSION

Many beef cattle management systems

make provision for an early calving season
to occur between January and March. The
long range benefits derived from an early
calving season include greater feed effi-
ciency and utilization of forage feed sup-
plies by more mature growing calves,
heavier weaning weights and possibly
greater resistance of older calves to stress
associated with weaning. The disadvan-
tages of early calving are that births are
likely to occur during inclement weather
and newborn calves often have no imme-
diate protection from cold fluctuating air
temperatures and a wet environment. The
authors are not aware of recent cattle di-
sease surveys or published estimates in-
dicating annual losses of young calves spe-
cifically due to weather related stressors.
Nonetheless, it seems reasonable that these
stressors are often directly responsible for
many calf losses each year.
Body heat is normally lost from the

skin surface by radiation (5) and convec-
tion (3, 13). Additional heat is also lost
by conduction (3, 13) and evaporation (12)
when the skin and hair coat are wet. Many
cattle producers have observed that young
calves often seem remarkably resistant
to cold temperatures provided their skin
and hair coat remain dry. The present study
was designed to cause a rapid loss of body
heat and to overwhelm the thermoregula-
tory capabilities of the calves. It is pos-
sible that the conditions for producing cold
stress in the present study were of greater

TABLE IV. Hemoglobin Concentration in the Synovial Fluid from Hock Joints of Cold Stressed (groups I and
2) and Noncold Stressed (group 3) Calves

Mean Log Hemoglobin Concentration
(log mg/mL)

Groups Comparison Between Groups (P values)

1 2 3 lvs3 2vs3

0.8024 0.7386 0.1734 <0.05 <0.05
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magnitude than those which young range
calves often endure under natural condi-
tions. However, under cold and wet condi-
tions the rate at which CBT is lowered in
young range calves may well be as great as
that shown by the calves in groups 1 and 2.
If this is so then the net effects of cold
stress on range calves may be just as
damaging as those observed in our experi-
mental calves.
Our data indicate that heavier weight

calves had no apparent advantage over
lighter weight calves in thermoregulation
under conditions of cold stress. Perhaps the
heavier weight calves would have been less
affected by somewhat less severe cold
stress than would the lighter weight calves.

Results showed that cold stress and hypo-
thermia can consistently cause depression
and temporary loss of shivering after the
CBT has been lowered by at least 6 to 8°C.
The thermoregulatory capabilities of the
cold stressed calves, including shivering and
presumably other mechanisms, were not
permanently lost, however, since all the
calves in group 2 showed a remarkable
ability to regain normal body temperature
after treatment in the water vat and during
recovery in a cold (4°C) and wet environ-
ment. The common practice of placing cold
stressed range calves under a heat lamp or
in a warm room or a container of warm
water is justifiable as supportive treatment
intended to augment the thermoregulatory
capabilities of these animals.
The probability of traumatic injury of

calves in the present study was minimized
because of the protective support system
used to maintain the animals in a nearly
fixed floating position during treatment in
the water tank and the use of soft bedding
during recovery. We, therefore, do not be-
lieve that the cold stressed calves were sub-
jected to any more trauma than were the
noncold stressed calves. Further, we con-
clude that the pathological lesions observed
were related to cold rather than trauma.
The cold-induced pathological lesions ob-

served in calves were confined to tissues
located peripherally and which had greatest
opportunity for contact with the cold and
wet environment. The pathogenesis of the
cold-induced subcutaneous hemorrhage and
edema observed in peripheral tissues is un-
clear. Histopathological lesions that would
suggest cold-induced injury to the micro-
vasculature of the peripheral tissues were
not found with consistency in cold stressed

calves. Increased capillary permeability and
fragility, damage to vascular endothelium
and functional alterations of blood platelets
and clotting mechanisms remain as possible
explanations for the observed lesions.
The clinical signs and pathological lesions

observed in calves in the present study are
strikingly similar to those reported in
cold stressed human infants (9, 10, 15).
Cold injury is seen in infants usually less
than ten days of age which have been born
during the winter in homes with inade-
quate heating facilities. These environ-
mental circumstances are similar to those
experienced by cold stressed calves under
range conditions.
The results of the present study support

a previous report (4) indicating that envi-
ronmental stress was closely related to
heavy calf losses diagnosed as weak calf
syndrome (WCS). The clinical signs and
pathological lesions in calves in the present
study are similar to those described for
WCS (18) and suggest that environmental
stress was a major etiological factor of this
disease problem. Data from the present
study support earlier observations (18) in-
dicating that sampling synovial fluid from
the hock joints and observing for evidence
of hemorrhage is not a reliable indicator of
specific disease.

It would seem that cold stress is a com-
mon problem in areas of cold climate and
deserves greater recognition as a major
contributor to disease and death of young
calves. Further research is needed to un-
derstand the pathogenesis of the changes
resulting from cold stress and to develop
effective methods for prevention of cold-
induced disease.
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