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Studies in relation to blood conservation and responses to transfusion are scarce for ruminants. We evaluated the clinical
manifestations of sheep that received a single homologous transfusion of whole blood, focusing on transfusion reactions. Eighteen
adult sheep were subjected to a single phlebotomy to withdraw 40% of the total blood volume, which was placed into CPDA-1
bags and then divided into G0, animals that received fresh blood, and G15 and G35, animals that received blood stored for 15 or 35
days, respectively. Clinical observations were recorded throughout the transfusion, whereas heart rate, respiratory rate, and rectal
temperature were assessed at the following times: 24 hours after phlebotomy and before transfusion; 30 minutes, six, twelve, 24, 48,
72, and 96 hours and eight and 16 days after transfusion. All groups presented transfusion reactions, among which hyperthermia was
the most frequent (50% of animals). Tachycardia occurred most frequently in the G35 animals (50% of them). During transfusion
G35 animals presented more clinical manifestation (𝑃 < 0.05). Transfusion of fresh or stored total blood improved the blood
volume, but transfusion reactions occurred, demonstrating that a single transfusion of fresh or stored blood can cause inflammatory
and febrile nonhemolytic transfusion reactions in sheep.

1. Introduction
Studies in the field of hemotherapy for ruminants are scarce,
particularly in relation to blood conservation and responses
to transfusion. Even through the illnesses that require blood
transfusion are known, this therapeutic measure is sometimes
used without proper criteria and without considering the
potential risks of transfusion reactions [1, 2].

Although blood storage is an important evolution in the
field of transfusion, stored red blood cells undergo a series
of changes known as storage lesions, which tend to become
worse with the passage of time [3].
Sousa et al. [4] stored total blood from sheep in blood
bags containing a conserving solution of citrate, phosphate,
dextrose, and adenine (CPDA-1) for 35 days and found that
there were progressive increases in the concentrations of
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plasma hemoglobin, potassium, and lactate, and decreases
in blood pH and in the concentrations of sodium, bicarbonate, and glucose. These storage lesions are indicative
of loss of quality of the stored blood, which may contribute towards occurrences of post-transfusion reactions
[5, 6].
Post-transfusion reactions are defined as any adverse
effect after receipt of total blood or blood components [1].
Hunt and Moore [7] considered that the commonest signs of
transfusion reactions in ruminants are tachycardia, tachypnea, sudoresis, tremors, fever, pruritus, dyspnea, hematuria,
and hemoglobinuria, among others. However, some reports
claim that transfusion reactions in ruminants receiving a
single blood transfusion are uncommon, as these animals
have low levels of circulating isoantibodies [7, 8].
The main nonfatal transfusion reactions described in
the literature are febrile nonhemolytic transfusion reactions
(FNHTRs), which are divided into nonsymptomatic (hyperthermia, due to an increase in temperature ≥ 1∘ C, without
other symptoms) and symptomatic. Symptomatic FNHTRs
are classified as inflammatory (presence of hot and cold
flushes, tremors or stiffness, with or without accompanying
hyperthermia) or allergic (presence of erythema, rubor, or
urticaria, among others) [9]. Other types of transfusion
reaction are such as hemolysis, circulatory overload, and
anaphylaxis [9].
Thus, the present study aimed to evaluate the clinical
response and the occurrence of transfusion reactions in sheep
receiving a single homologous transfusion of blood either
fresh or stored for two different periods.

2. Material and Methods
The present study was approved by the Bioethics Committee
for Animal Use (CEUA) of Federal Rural University of the
Semiarid Region (Protocol number 31/2011). Eighteen healthy
sheep (12 females and 6 males) aged three to four were used.
They were hybrids of the Santa Inês breed, with mean weight
52.89 kg ± 6.67 kg. They were kept in collective pens, separated according to sex, and underwent a 30-day adaptation
period. During this period, they received an application of
endectocide based on moxidectin (Cydectin, Fort Dodge),
vaccine against clostridiosis (Covexin 10, Schering-Plough),
and doses of coccidiostats (Coccifin, Ouro Fino). All sheep
underwent weekly parasitological examinations to rule out
the presence of endoparasites during the entire experimental
period. The animals’ baseline diet was calculated on the basis
of 2.3% of their live weight and was composed of 75% dry
material (hay from coast-cross grass) and 25% commercial
concentrated feed, which was supplied twice a day. The
sheep also received complete mineral supplements every day
(Ovinofós, Tortuga) (15 g/animal) and they had free access to
water. None of the animals were previously submitted to any
kind of blood transfusion.
Acute anemia was induced in all the 18 sheep by withdrawing 40% of their blood volume, measured according
to the calculation that the animals’ total volume of blood
corresponded to 8% of their body weight [10]. Twenty-four
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hours after induction of anemia, the animals were divided
into three experimental groups: G0 (control group, 𝑛 = 6)
received a transfusion of fresh blood that had been collected
in CPDA-bags (collected just prior transfusion); G15 (15-day
group, 𝑛 = 6) received a transfusion of total blood that had
been stored in CPDA-1 bags for 15 days; and G35 (35-day
group, 𝑛 = 6) received a transfusion of total blood that had
been stored in CPDA-1 bags for 35 days. Each experimental
group was composed of four females and two males. The
blood donor and recipient were always of the same sex and
had similar body weights. Before blood transfusion a crossmatching blood compatibility test was performed between
donor and receiver [11].
The blood transfused into the animals of G15 and G35 was
stored in a refrigerator at a temperature ranging from 2 to
4∘ C. For the transfusion blood bags were removed from the
refrigerator and after 30 minutes in room temperature the
blood was transfused to the animals. Each animal received
20 mL of total blood per kg of body weight during the
transfusion. Over the first 30 minutes of the transfusion,
the blood was infused at the rate of 0.25 mL/kg; after this
period, the rate was increased to 5 mL of blood per kg of body
weight per hour. During the experimental period the ambient
temperature ranged from 22 to 28∘ C.
Clinical observations were documented throughout the
transfusion, whereas heart rate, respiratory rate and rectal
temperature were evaluated at the following times: 24 hours
after phlebotomy and before transfusion (𝑇0); 30 minutes
after transfusion (𝑇30 m); 6, 12, 24, 48, 72, and 96 hours after
transfusion (𝑇6, 𝑇12, 𝑇24, 𝑇48, 𝑇72, and 𝑇96, resp.); and
8 and 16 days after transfusion (𝑇8 d and 𝑇16 d, resp.). The
heart and respiratory rates were measured with the aid of
a phonendoscope over a one-minute period, while temperatures were measured using a clinical digital thermometer
according to Pugh [12]. In those same times blood sampling
was performed for packed cell volume, red blood cell count,
and total hemoglobin concentration, which were performed
in Automatic hematology analyzer (model 2800 BC Vet,
Mindray, Shenzhen, China).
The data from clinical observations over the course of the
transfusion and from the individual physical examinations at
the abovementioned times were analyzed in conjunction to
determine whether any transfusion reactions had occurred.
The following were considered to be transfusion reactions:
hyperthermia, characterized as a rise in body temperature
by 1∘ C or more, in relation to the baseline temperature;
tachycardia, characterized as an increase in heart rate of up to
20% in relation to 𝑇0; inflammatory reactions, characterized
by fasciculation or muscle tremors; and allergic reactions,
characterized by the presence of urticaria, erythema, or
eruptions on the skin.
The statistical analysis on heart rate, respiratory rate
and rectal temperature was performed by means of twoway repeated-measurement analysis of variance (ANOVA),
followed by Bonferroni’s mean comparison test. The different
experimental groups were compared at the different times,
and the variables at different times were compared with the
baseline values (𝑇0). To evaluate the occurrence of clinical
manifestation during the transfusion in the different groups
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Table 1 presents the mean values and the standards deviations of the packed cell volume, red blood cells, and
total hemoglobin concentration from the three experimental
groups during the study.
All the clinical observations during the transfusion
period are laid out in Table 2. Considering the 𝜒2 analysis
between the groups and the occurrence of abnormal clinical
observations (tachypnea, fasciculation, sudoresis, bloat, and
ejaculation) during the blood transfusion, the G35 animals
presented more clinical alterations in comparison with G0
(𝑃 = 0.010). Only the animals in G35 presented sudoresis,
mild tympanism, and ejaculation during the transfusion.
Sheep from all groups defecated and urinated during the
transfusion. Among the animals in G0 and G35, defecation
and micturition were observed only once in each group,
whereas in G15, three animals had more than two occurrences
of micturition during the transfusion period.
Considering the evaluation in the moments after the
transfusion, three animals from G35 presented tachycardia:
one at 𝑇30 m and two at 𝑇6. One animal in G0 presented
heart rate changes within the first half hour and one animal
in G15 at 𝑇48.
Regarding the presence of hyperthermia, G0 had four
cases, among which two sheep had hyperthermia at 𝑇30 m,
and one of these animals continued to present high temperature until 𝑇96. Two other animals presented temperature rises
more than 96 hours after transfusion. Two animals in G15
and G35 presented hyperthermia: one in G15 showed a rise in
temperature at 𝑇30 m that continued until 𝑇96, while one in
G35 continued to have high temperature until 𝑇24. Another
animal in G15 and another in G35 had hyperthermia at 𝑇72
and 𝑇24, respectively. Concomitantly with hyperthermia,
one animal in G15 and another in G35 had inflammatory
transfusion reactions. No allergic reactions to transfusion
were detected.
Figure 1 presents the mean values and standard deviations
for heart rate, respiratory rate and rectal temperature. There
were no significant differences between the three groups
in relation to heart rate and respiratory rate. In comparing
between the times, there was a reduction in G0 (𝑃 < 0.05) in
heart rate at 𝑇96 and 𝑇16 d when compared to 𝑇0. The mean
temperature in G0 was greater than G15 (𝑃 < 0.05) at 𝑇96.

4. Discussion
Over the last few years, the benefits of blood transfusion
have been questioned because of the connection between
this practice and adverse effects. In this study we chose to
use homologous blood transfusion, because it is the most
common form of transfusion for ruminants and the literature
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Figure 1: Mean and standard deviation of the heart rate (beats/min),
respiratory rate (breaths/minute), and rectal temperature (∘ C) of
sheep after transfusion with whole blood fresh or stored for 15 or
35 days at the time points analyzed. ∗ Mean statistical difference
in comparison with 𝑇0 (𝑃 < 0.05) in each group. Different capital
letters mean difference between experimental groups in one specific
moment (𝑃 < 0.05).

is unanimous in stating that ruminants receiving a first
transfusion rarely present transfusion reactions [7, 8, 10].
However for sheep, our clinical practice has shown that
animals receiving a first transfusion can exhibit clinical
changes, even with the compatibility test was performed
before transfusion.
From the clinical observations during the transfusion
period, micturition and defecation were the most frequent
findings in all the experimental groups. This was probably
related to the increase in blood volume resulting from
the blood infusion, given that in cases of acute anemia,

𝑇0
17 ± 5a
17 ± 2a
16 ± 4a
4.82 ± 1.4a
5.10 ± 1.0a
4.63 ± 1.3a
6.38 ± 2.0a
5.73 ± 0.9a
4.88 ± 1.2a

𝑇30
25 ± 6b
22 ± 2a
24 ± 3b
6.81 ± 1.3b
6.53 ± 1.1b
7.00 ± 1.2b
8.61 ± 2.1b
7.36 ± 1.8a
7.43 ± 0.7b

𝑇6 h
28 ± 4b
23 ± 2b
25 ± 3b
7.64 ± 0.7b
6.94 ± 1.2b
7.56 ± 1.1b
9.63 ± 1.5b
8.01 ± 0.9b
8.30 ± 1.4b

𝑇12 h
29 ± 5b
25 ± 2b
23 ± 3b
7.89 ± 0.9b
7.44 ± 0.7b
6.99 ± 1.1b
10.0 ± 2.0b
8.31 ± 0.9b
7.60 ± 1.1b

Times
𝑇24 h
28 ± 5b
24 ± 3b
24 ± 3b
7.76 ± 1.1b
7.24 ± 1.3b
7.16 ± 0.7b
9.53 ± 2.1b
8.35 ± 1.1b
7.96 ± 0.8b
𝑇48 h
28 ± 3b
23 ± 2b
25 ± 3b
7.37 ± 0.9b
6.87 ± 1.0b
7.84 ± 0.8b
9.23 ± 1.6b
7.91 ± 1.0b
9.66 ± 1.1b

𝑇72 h
25 ± 4b
23 ± 2b
23 ± 2b
6.88 ± 0.9b
6.86 ± 1.3b
7.18 ± 0.8b
8.28 ± 1.4b
8.00 ± 1.4b
8.85 ± 1.0b

Different capital letters in columns mean difference between groups, while different small letters in the lines mean difference in relation to the baseline (𝑃 < 0.05).

Hemoglobin
(g/dL)

Red blood cell
(𝜇L)

Packed cell volume
(%)

Groups
G0
G15
G35
G0
G15
G35
G0
G15
G35

𝑇96 h
26 ± 4b
23 ± 2b
21 ± 4a
7.07 ± 0.9Ab
6.60 ± 1.2Bb
6.30 ± 1.4Bb
9.00 ± 1.6b
7.55 ± 0.9b
8.16 ± 1.3b

𝑇8 d
24 ± 5b
25 ± 5b
22 ± 1a
6.49 ± 1.1b
6.95 ± 1.9b
6.61 ± 0.8b
8.28 ± 1.6b
8.08 ± 1.8b
8.48 ± 0.5b

𝑇16 d
28 ± 4b
28 ± 3b
24 ± 3b
7.21 ± 0.5b
7.52 ± 1.4b
7.07 ± 1.2b
9.9 ± 0.9b
9.25 ± 0.4b
9.46 ± 1.3b

Table 1: Mean values and standard deviations of the packed cell volume (%), red blood cell (𝜇L), and total hemoglobin (g/dL) of sheep receiving transfusion of blood fresh (G0) or stored
for 15 days (G15) or 35 days (G35).
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Table 2: Clinical observation in sheep during transfusion with fresh
or stored for 15 or 35 days whole blood (number of animals that
present the symptom/total number of sheep).
Clinical manifestation
Micturition
Defecation
Tachypnea
Fasciculation
Sudoresis
Bloating
Ejaculation

G0
5/6
1/6
—
—
—
—
—

G15
6/6
5/6
1/6
1/6
—
—
—

G35
4/6
2/6
2/6
1/6
1/6
1/6
1/6

the kidneys are the main organs that suffer vasoconstriction
and hypoxia, since the blood is directed towards vital organs
such as the brain, heart, and lungs [13, 14]. In situations
of acute blood loss or hypovolemia, another compensatory
mechanism that the organism has is to diminish its urine production in an attempt to maintain a greater quantity of fluid
in the blood vessels [14]. After the transfusion, the increased
volumes of fluid in the vessels stimulate vasodilation and the
kidneys begin to perform their functions better and, in turn,
stimulate diuresis.
The gastrointestinal blood flow also becomes lower in
cases of major blood loss, with sympathetic vasoconstriction
of the large-caliber intestinal and mesenteric veins. This
decreases the blood volume in these veins and thus diverts
large quantities of blood to other parts of the circulation
[15]. In this manner, after the transfusion, the blood volume
becomes redistributed, thereby allowing the gastrointestinal
system to resume its normal functioning. This explains why
the animals defecated when they started to receive the
transfusion.
Tachypnea during the transfusion period was observed in
three animals, and one animal in G35 presented concomitant
sudoresis. These changes were observed at the start of the
transfusion and the situation was resolved by reducing the
infusion rate. These symptoms may be associated with the
infusion rate [16]. The mild tympanism that was observed
in one animal in G35 was linked to the length of time for
which the animal remained in decubitus for the transfusion
to be performed (two hours and 35 minutes). Ejaculation was
observed in only one animal, and it cannot be determined
whether this occurrence was connected only with the transfusion event, given that this animal was used for reproduction
as a semen donor and was therefore more susceptible to this
type of occurrence.
In this study, considering the animals individually, temperature increases were observed in all three experimental
groups, and these rises occurred within the first 30 minutes
after the transfusion. A rise of 1∘ C or more in the posttransfusion temperature, in relation to the baseline, was taken to
be a parameter for determining whether a FNHTR occurred
[9, 17]. The presence of bioreactive substances released by
leukocytes (pyrogenic cytokines) during the storage period
in the cases of G15 and G35, or the presence of alloantibodies
in the receptor that started to act against antigens present in

the donor’s platelets, red blood cells, or leukocytes in the case
of G0, may have contributed towards these reactions [18, 19].
The formation of alloantibodies can occur because previous
sensitization due to the transmission of erythrocytes between
individuals, which may happen due to general practices
such as vaccination, drugs administration or blood sampling
without needle exchange or even by bites from ticks or flies
[20].
FNHTRs is a reaction by the organism to the presence
of cytokines, either through increased production of these
mediators by leukocytes during blood storage, or through
formation of immune complexes (antigens and antibodies)
between antigens of the receptors and cytotoxic antibodies
of the donor, thereby stimulating complementary action and
production of pyrogenic cytokines (IL-6, TNF-𝛼, and IL-1𝛽)
[21].
FNHTRs in humans may be associated with the presence
of hot and cold flushes and stiffness. This type of reaction is
not considered to be dangerous for the patient, but occurrences of hemolytic or septic reactions that might also cause
fever, hot and cold flushes, and tremors should be investigated
[22]. The animals in G15 and G35 presented mild fasciculation
during the transfusion, which is indicative of a transfusion
reaction of inflammatory effect. These same animals had
concomitant hyperthermia, thus suggesting that the length
of storage might have contributed towards the occurrence
of these reactions. In these cases, when pyrogenic cytokines
produced by leukocytes are transfused to the receptor, they
stimulate the thermoregulatory center and induce synthesis
of prostaglandin E2, which promotes changes to the thermostatic equilibrium. In this manner, the organism is stimulated
to produce heat by means of vasoconstriction and muscle
movements (hot and cold flushes, tremors, and fasciculation)
until the body temperature reaches a new equilibrium point
[9, 23]. In humans and dogs, FNHTRs may be accompanied
by other symptoms such as nausea, vomiting, hypotension,
and dyspnea [2, 21].
In the present study, 67% of the animals in G0 presented
hyperthermia, while 33.5% of the animals in G15 and G35
presented elevated temperatures. The hyperthermia observed
in G0 may be linked to the presence of alloantibodies
formed by previous pregnancies, by the contact of maternal
blood and the newborn during birth, stimulating primary
production of alloantibodies, since only females showed
hyperthermia. Thus, when the animal was transfused (second sensitization) a secondary immune response capable
of releasing inflammatory mediators alloantibodies occurred
[24].
Storage and alloantibodies may be involved in the hyperthermia occurred in G15 and G35, as both males and females
had such alteration. Although we have not determined the
concentrations of reactive substances during storage and
even after transfusion, studies have shown that leukocytes
during storage can produce reactive substances or release
inflammatory mediators during lysis [25, 26]. Thus, the
process of leukoreduction before storage of blood in humans
and dogs has promoted significant benefits in reducing
the inflammatory response after blood transfusion, which
consequently reduces the risk of FNHTR [26, 27].
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Although we made the blood compatibility test between
the donor and recipient, this was not enough to prevent
the occurrence of transfusion reaction. Van Der Walt and
Osterhoff [28] suggested that this test can detect only strong
isoantibodies such as the anti-R in sheep and the anti-P in
cattle.
Among the animals that presented hyperthermia (8
animals), 50% of then (two sheep from G0 and one from G15
and G30) presented acute reactions and 50% (two from G0
and one from G15 and G30) late reactions, and it is important
to emphasize that the animals that showed increased temperature at 𝑇30 m continued to present this change for up to
96 hours. This differed from the late reactions, which were
only observed at single observation times. Studies show that
secondary alloimmunization can occur early between 24 and
48 hours after transfusion [29] or later, reaching its peak in
seven to ten days of transfusion [30].
The animals that presented hyperthermia did not receive
any medication and did not present temperature elevation
above the normal range for this species. All the animals
presented spontaneous remission of their hyperthermia.
With regard to individual heart rates, tachycardia
occurred in all three groups. Although tachycardia is not
in itself a transfusion reaction, when this sign is present it
is important to investigate other variables such as blood
pressure and pulmonary auscultation, in order to search
for possible pulmonary edema. The commonest cause of
tachycardia during or after blood transfusion is circulatory
overload, due to administration of a large volume of blood
or infusion at a high rate [8]. Withdrawal of a large volume
of blood in order to induce anemia promoted activation of
adaptive mechanisms such as increased heart and respiratory
rates. However, after transfusion, some animals showed
greater elevation of heart rate, probably due to the volume
of blood received, given that the organism had adapted to
a smaller volume of circulating blood. In such cases, the
infusion rate cannot be held responsible for this, given that
it was already low. Tachycardia can also occur in cases of
circulatory overload, and this is usually associated with
pulmonary edema. However, the animals in this study did
not present this alteration. All the cases of tachycardia
occurred within a 48-hour interval, thus indicating that in
this case, there was an acute response to receiving blood.
At the baseline time, the mean values for heart rate were
much higher than what would be considered normal for
the species (70–90 bpm), in all three experimental groups
[10], because of the reduction in blood cell volume and
the number of red blood cells, resulting from induction of
anemia. After the transfusion, although we saw that there
had been a numerical reduction in this variable, statistical
differences were only observed at 𝑇96 and 𝑇16 d in G0. This
result can be explained by the great individual variability
among the animals, especially given that the heart rate of
some sheep increased in relation to 𝑇0, while most of the
animals tended to present decrease in heart rate, thus giving
rise to a high standard deviation. Reduction of heart rate
relates to increased blood volume and displacement of fluid
from the extravascular space to the intravascular space, in an
attempt to maintain the organ’s equilibrium [31, 32].
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In the present study, there was no significant difference
in respiratory rate between the groups. On the other hand,
the large standard deviation that was seen particularly in G0
and G15 impaired the analysis (Figure 1). The hematologic
data presented in Table 1 shows that the blood transfusion
satisfactory increased the hemoglobin concentration and the
number of circulating red blood cells (within the reference
range for the species). Thus, the changes in heart and
respiratory rates are not related to failure in the oxygen
transport.
The significant increase in mean temperature at 𝑇96 in
G0 (Figure 1) reflects occurrences of hyperthermia suffered
by three animals of this group at this time, which raised the
mean temperature by 1.1∘ C in relation to the baseline.

5. Conclusion
Transfusion of fresh or stored total blood improved the blood
volume, but transfusion reactions occurred, demonstrating
that a single transfusion of fresh or stored blood can cause
inflammatory and febrile nonhemolytic transfusion reactions
in sheep.
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[4] R. S. Sousa, R. A. Barrêto-Júnior, I. K. F. Sousa et al., “Evaluation
of hematologic, Blood gas, and select biochemical variables in
ovine whole blood stored in CPDA-1 bags,” Veterinary Clinical
Pathology, vol. 42, no. 1, pp. 27–30, 2013.
[5] G. Zallen, P. J. Offner, E. E. Moore et al., “Age of transfused
blood is an independent risk factor for postinjury multiple
organ failure,” The American Journal of Surgery, vol. 178, no. 6,
pp. 570–572, 1999.
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