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Abstract:
Blood should be analyzed immediately after collection. However the delay in its analysis may be unavoidable if
the samples are taken from farms away from labs or, when samples are collected at the end of week. The purpose
of this study consists in comparison of the CBC results in dogs and morphological changes observed in blood
smears, stored at room temperature (22° C) and in refrigerator (4°C). The blood was collected with EDTA from
11 clinically healthy dogs, and was analyzed, immediately after collection and then after 6, 24, 48 and 72 hours
by using hematologic analyzer BC -2800 Vet. The number of erythrocyte cells and the percentage of neutrophils
and lymphocytes were stable for 24-48 hours at their respective storages temperatures. While the number of
platelets and MCV were increased after 6 hours at both temperatures of storing, it also falls after 48 hours, while
the concentration of hemoglobin was stable during the period of study. The morphological changes observed in
blood were: smudge cells (unspecified forms), pyknotic leukocyte, ecinocite and sferoecinocyte.
Keywords: blood, CBC, dog, artifactual changes, delayed analysis

1. Introduction
Hematological and biochemical parameters are
one of the most important diagnostic tool in veterinary
medicine, as are the core component for the clinical
diagnosis of organic diseases, infections and parasitic
diseases, and evaluation of the metabolic conditions.
Several of biological and environmental factors, such
as physiological condition, age, sex, race, body
weight, activity of different living, climate, seasonal
oscillations, stressful situations, nutrition, etc. they
influence on hematological and biochemical
parameters of clinically healthy for the animals [2].
They can have also a significant impact on the results
of laboratory tests, which should be taken into account
during the interpretation, especially when values were
obtained near the limits of them. Another factor also
important that need to be taken in considerate is the
time of evaluation of samples in the laboratory. There
are recommended to do the analyses directly after the
sampling. Practically, it is not possible, especially for
the blood samples collected in the farms far away
from laboratories. Also, when used the manual
procedures instead of automatic hematology analyzer,
especially for a large number of samples cannot be
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analyzed immediately upon arrival in laboratory and
need more time for testing. The time from sampling to
analyzing of them could be delayed even when the
blood sample must be sent to a reference laboratory
when retesting is needed or when the analysis cannot
be performed easily [18]. Unnecessary delays in
testing blood samples for hematological indicators can
lead aging the sample and they can compromise the
credibility of the results [4]. The sample aging means
a process that determine the change of the actual
values of parameters, depending on the time of
transport, storage and its conservation. It does not
come as a normal process for all indicators of sample.
Some of them can change faster than other indicators.
The aging of samples can come from lack of sample
transport and by delays in carrying out the analysis.
So the vets and labs specialist should not allow aging
of samples. For that reason is necessary to be known
the hematological alterations during the blood samples
aging [13]. Many authors have performed studies in
different animals and they have concluded that
different storage conditions can affect the results of
hematological indicators. While other studies (4, 11)
concluded that maintaining blood in refrigerated
conditions minimizes the changes of blood indicators.
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Until now has no any specific study related to the
effect of temperature and duration of storage of blood
sample in hematological parameters in animal
breeding in our country. Therefore the aim of this
study consists in identification of the changes of
hematological values of dog’s blood, stored up to 72
hours after sampling, in room and refrigerator
temperature

hematocrit (Hct), hemoglobin concentration (Hb),
erythrocytes indicators (MCV, MCH, MCHC), the
number of leukocytes (WBC) for 1μl blood, the
number of platelets (PLT). Evaluation of these
parameters was made with automatic method
Analyzer Hematologic BC-2800 Vet. (Mindray).
The artifactuale morphological blood changes
were observed through the same preserving time and
method. The smears were colored with MayGrunwald-Giemsa and they were observed with
immersion objective 1000x [17].
The statistical analysis, for all the obtained data was
calculated for the average value, standard deviation
and minimum and maximum values. The results were
statistically evaluated using the Student t-test with P ≤
0:01 test taken as significant.

2. Materials and methods
The study was carried out in Diagnosis
Laboratory of Faculty of Veterinary Medicine,
Agricultural University of Tirana. This study was
performed in 11 clinically healthy dogs. Blood was
collected from the cephalica vein in tubes with
anticoagulant K3 - EDTA. To study the influence of
sample age, and their preserve conditions, the
hematological indicators, were analyzed within one
hour, and 6, 24, 48 and 72 hours after sampling. For
each dog were taken two samples, one sample was
preserved in a refrigerator at a temperature of 4oC, and
another sample was maintained at room temperature
at 22oC. The hematological parameters were evaluated
for the number of erythrocytes (RBC) for 1μl blood,

3. Results and Discussion
The changes observed by evaluation of blood
samples stored at room temperature and in the
refrigerator are summarized in Table 1. The data are
presented as averages values obtained for each sample
and their standard deviations.

Table 1. Changes in CBC Parameters Induced by Storage at 4 °C and 22 °C*
Treguesit
1h
6h
24 h
o

RBCx10
12
/L
Hgb gr/dl
Hct %
WBC x09/L
MCV( fL)
MCH (pg)
MCHC
(gr/L)
PLT
(×109/L)

22
6.29
(0.50)
14.23
(2.27)
43.80
( 3.63)
6.07
(0.92)
70.07
( 6.8)
22.7
(4.28)
32.67
(5.74)
320.69
(88.06)

o

4
6.25
(0.48)
14.17
(2.18)
43.58
(3.63)
6.06
(0.92)
69.10
(6.40)
22.81
(4.06)
32.71
(5.33)
320.7
(88.06)

o

22
6.27
( 0.42)
14.23
(2.27)
43.93
(3.64)
5.88
(0.96)
70.37
(7.15)
23.14
(4.24)
32.58
(5.46)
481.07
(59.8)a

o

4
6.28
( 0.44)
14.17
(2.18)
43.77
(3.62)
5.96
(0.96)
69.94
( 7.01)
22.67
(3.80)
32.56
(5.32)
440.1
(63.5)b

o

22
5.71
(0.29)
13.75
(1.59)
43.99
(2.51)
6.24
(0.98)
77.28
(6.5)b
22.79
(3.43)
31.36
(4.12)
544.6
(53.6)a

48 h
o

4
5.9
(0.40)
13.9
(1.75)
43.83 (
2.5)
6.23
(0.97)
74.69
(7.91)
23.58
(2.61)
31.84
(4.42)
514.2
(76.9)b

o

22
5.45
(0.3)a
13.11
(1.48)
44.65
(3.15)
5.88
(0.97)
82.04
(6.4)a
22.02
(3.35)
29.55
(4.41)
575.6
(60.1)a

72 h
o

4
5.8
(0.5)b
13.72
(1.52)
44.31
(3.95)
5.96
(0.96)
77.2
(6.8)b
23.99 (
3.6)
31.18 (
4.5)
537.9
(60.6)a

o

22
5.37
(0.35)a
12.79
(0.81)
45.70
(3.25)
6.7
(0.94)
85.59
(11.1)a
23.90
(1.93)
28.18
(3.11)a
615.6
(51.5)a

4o
5.65
(0.37)a
13.11
(1.19)
45.17
(3.39)
6.88
(0.68)
80.12
(6.7)a
23.34
(3.01)
29.16
(3.14)
582.7
(53.9)a

a

Significantly (P ≤ 0.001) different from value at time 1 h; bSignificantly (P ≤ 0.01) different from value at time 1 h
*
Data are presented as mean (SD)

As showed from the data presented in graphic 1 and
table 1 the values of red blood cells (RBC) present no
significant changes in the first hour of their
assessment, their numbers remain relatively stable
throughout the 24 hours. After 24, 48, and 72 hours,

RBC number was decreased in significant values (p
<0.001). These changes are thought to be related to
the fact that erythrocytes in vitro destructed over time
and blood hemolysed [28].
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Diagram of Changes in HCT values induced
by storage at 4 ° C and 22 ° C

Diagram of Changes in RBC values induced by
storage at 4 ° C and 22 ° C
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Diagram of Changes in MCHC values induced
by storage at 4 ° C and 22 ° C
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Graphic 1: Diagram of changes in RBC, HCT, MCV, MCHC values induced by storage at 4 ° C and 22 ° C

Regarding blood storage mode there are no
significant changes in the erythrocyte values. The
values in the first hours are the same as for samples
stored at 4oC as well as those stored in the room
temperature. After 24 hours, the value of samples
stored at 4oC are more stable than those stored at room
temperatures, although these differences were not
significant. In accordance with other studies [20, 29],
the parameter of the direct measurement of the
concentration of hemoglobin (HGB) was stable in
both forms of storage, refrigerated and ambient
temperature during 72 hours.
Referring to the values of the hematocrit (HCT)
presented in table 1 and graphic 1 were observed a
growing trend of its values with increasing of samples
storing time. The increasing Hct values begin after 24
hours of storage and they are also evident in samples
stored at ambient temperature. Different authors (9,
19, 21), have presented the same results as they are in
our study.
The erythrocytes indicator as MCV, MCHC, MCH,
are an integral part of blood indicators and their test
provide an objective and quantitative assessment of
the volume of red blood cells and hemoglobin content
in red blood cells.
As many other earlier studies [10, 13, 21, 9]
and in our study MCH values remain almost constant

throughout the period of the study, in both forms of
storage. The changes that are observed are
insignificant.
Regarding evaluation of MCHC was found a clear
downward trend in its values (P ≤ 0.01), which is
more emphasized after 48 and 72 hours of blood
sampling. Among the erythrocyte’s indicators there
were a significant change in average of blood
corpuscular volume (MCV). The values of this
indicator in our study remain stable for up to 6 hours
after sampling, while after 24, 48 and 72 hours the
MCV values were increased (P ≤ 0.001). This change
of MCV values was described in previous studies
similar to our study. [1, 12, 16 , 20, 22].
And as it is shown in graphic 1, the MCV values
during the first hours of sampling were stable at both
storage temperatures, while after 24, 48 and 72 hours
these values have increased. The MCV increasing
values were evident in stored samples at room
temperature compared with samples stored at
refrigerated conditions. The different authors (20, 22,
9) have noted in their work that in blood samples
stored at room temperature increasing of MCV were
evident. The increase of MCV values according to the
extension of conserving time for this parameter as
well as many authors have concluded [6, 15], it is
related to red cells swell with storage. The red cells
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swell occurs very rapidly, within 24 hours of
collection, especially if blood samples that are not
kept in temperature 4oC. Another factor, which is
thought to be related with increasing of MCV is the
agglutinin of erythrocytes. Agglutination of red blood
cells is closely related with glucose metabolism
during storage of blood cell [24.8].

In this study, the averages values of thrombocytes
were increased considerably during the entire time of
evaluation (P ≤ 0.001). As shown in the graph 2 and
table No1 the increase of their values were started
after 6 hours of evaluation and they were evident
during all the time of this study.

The diagram of Changes in PLT values induced by storage at 4 ° C and 22
1000
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PLT 4 o C

500
0

0h
6h
24 h
48 h
72 h
Graphic 2: The diagram of changes in PLT values induced by storage at 4 ° C and 22 ° C

The increasing of the number of the platelet is
thought to be related to the incorrect counting by the
hematologic analyzer of the fragments of damaged
erythrocytes or the microcytes erythrocytes as red
blood cells. The same conclusions is reported and by
the other authors in different animals [6, 7, 27].
While the other authors [20, 25], are against to this
version, based on the fact that in blood smears, is
evident the presence of platelets cluster while their
total number does not change or dos not growth, and
there is not detected the presence of shizociteve
(erythrocyte fragments) in it. Regardless of the reason,
the platelet should be measured immediately after

blood collection because, as it was observed, the
number of platelet were significant even after 6 hours
of blood sampling.
The white blood cells (WBC) has an important role in
organism. Their diagnostic evaluation is very
important. According to the samples preserving time
and method WBC does not significantly change in the
first hours and increased after 48 hours.(graphic n 3)
According Médaille. C, 2006, the increase of
leukocytes number after 48 hours is thought to be
associated with the counting of aggregates platelets as
leucocytes identified by automatic analyzer.

Table 2. Mean percent change at leucograma induced by storage of blood at 4 °C and 22 °C*
Time storage
1h
6h
24 h
48 h
72 h
o
o
o
o
o
o
o
o
22
4
22
4
22
4
22
4
22o
4o
22.8 22.6
23.3
23.1
23.9
24.7
24.7
24.3
24.2
23.2
Neutrophils (%)
(4.3) (4.1)
(3.9)
(3.73) (2.9)
(4.05) (3.9)
(3.3)
(3.7)
(2.9)
Lymphocytes
(%)

4.3
(2.3)

4.1
(1.9)

3.9
(1.9)

3.9
(1.5)

3.8
(1.8)

3.9
(1.5)

3.8
(1.7)

3.6
(1.5)

3.1
(1.4)

3.2
(1.1)

Monocytes (%)

4.2
(1.9)

4.7
(1.2)

4.7
(1.6)

4.7
(1.1)

4.6
(1.5)

4.8
(0.6)

3.9
(1.1)

3.92
(1.03)

3.7
(1.4)

3.7
(1.4)

Eosinophils (%)

68.2
(6.5)

68.6
(6.4)

67.9
(6.1)

67.6
(4.5)

67.7
(4.01)

66.6
(4.1)

66.5
(5.02)

66.5
(5.1)

65.5
(4.9)

65.5
(6.1)

*Data are presented as mean (SD)
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Diagram of changes in WBC values induced by storage at 4 °C and 22 °C
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Graphic 3: Diagram of changes in WBC values induced by storage at 4 °C and 22 °C

the artifactual changes of the smears must not be
misinterpreted.

Findings in blood smears
Compared with the values within the first
hour of leukocytes measuring, number of destroyed
cells (smudge) accounted for 100 leukocytes was
higher (P ≤ 0.01) after 24 and 48 hours in both storage
temperatures. As well as various authors have noted
[14, 22,23, 30], it can come as a result of mechanical
damage of leukocytes during the opening blood
smears and because of the increase of leukocytes
fragility during the prolonged time of blood
conservation. We also observed the increased number
of pyknotic leukocytes (P ≤ 0.001) after 24 hours.
This increase is more significant in stored blood
samples in temperature 20oC.
The evident changes that were observed at
morphologic of erythrocytes were related with the
presence of echinocytes and spheroechinocytes. These
changes were evident after 24-48 hours in both blood
storage temperatures. During this time the number of
echinocytes were decreased and the number of
spheroechinocytes were increased. Several factors
seems to cause this morphological changes, including
erythrocyte ATP depletion and disturbances of RBC
calcium homeostasis [3, 5]. The reasons for nonpathologic echinocytes formation include exposure to
alkaline pH, such as may occur with exposure to glass
slides or tubes [14]. Our study indicates that blood
smears should be prepared within 1 h of specimen
collection for accurate evaluation of red blood cell
morphology
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