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Abstract
Blood is stored to achieve a good post-transfusion survival. The ability of stored whole blood
or blood components to fulfill their functions after transfusion can be studied during the period of storage. Transfusion of whole blood is currently being practiced in many centers in
Nigeria despite the sustained short supply from voluntary donation. Studies have shown that
leucocytes in stored blood can produce adverse effects and influence patient outcome. This
study explores quantitative assessment of haematocrit values and leucocytes properties in a
large number of blood units and aims at refreshing several years’ knowledge about quantitative changes in erythrocytes and leucocytes during storage. This will hopefully rekindle
the need for widespread component transfusion in Nigeria. One hundred whole blood samples collected in CPDA-1 bags from individual, non-repeat, qualified donors were studied.
Haematocit values and leucocytes count were done on days 0, 7, 14, 21, 28 and 35. Mean
haematocrit and leucocytes count of donors on day 0 were 38.81 ± 3.31% and 5.1 ±1.9x 109
cells/l respectively. Mean difference of haematocrit and leucocytes between day 0 and 35 of
storage were 2.25 ±1.07 % and 5.1 ± 1.9x109 cells/l respectively. Mean difference of haematocrit of 0.1± 0.4% on day 14 was statistically significant. While 49% of leucocytes were remaining by day 14, seventy five percent of neutrophil have disappeared by day 7. The number of leucocytes remaining in the blood unit on day 35 has inverse proportion to the haematocrit value on day 35 of storage. Significantly, neutrophil count on day 35 was negatively
associated with the haematocrit value of day 35. We conclude that the seemingly subtle
changes in the haematocrit values and remarkable loss of leucocytes in the stored whole
blood have association and are significant. Also, to improve the benefit from the limited
blood transfusion services, component transfusion might be a good option.
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Introduction
Blood is stored to achieve a good post-transfusion survival. To attain this, the cellular integrity and chemical
components of the blood must be maintained. This keeps
blood in a life-like manner in-vitro and maintains its
physiological function. The ability of stored blood components or whole blood to fulfill their functions after
transfusion can be studied during the period of blood stor
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Citrate phosphate dextrose-Adenine is the most commonly used anticoagulant preservative in Nigeria. Evidence given by Joint Task Force of USA and other authors shows that CPDA-1 provides an anticoagulant preservative system with properties consistent with safety
and efficacy when used for 35-day storage of whole blood
at 1- 60 C [2-4].
Blood supply is generally limited in Nigeria and there is
need to make the best use of the available supply. Furthermore, transfusion services involving blood compo505

Rotimi/Olubukola/Omobolanle/Olufemi/Olugbemiga
nents are not readily available in many centers, thereby
limiting service providers to storage and transfusion of
whole blood. However, many patients seldom need whole
blood transfusion. Literature has shown that the presence
of leucocytes in stored blood compromise the quality of
the blood and this is associated with adverse effects to the
recipients. Cellular components of stored blood undergo
pathogenic changes with enzymes and other substances
released which affect other components, their functions
and invariably the clinical outcomes of recipients [5-7].
The overall benefit(s) from the limited supply of blood is
affected. To the best of our knowledge, there is a dearth
of information on the benefits of stored blood in Nigeria.
In this study we look at the quantitative assessment of
leucocytes and haematocrit of whole blood stored in
CPD-A in a health facility in South West Nigeria. Proposed study can improve our knowledge about quantitative changes in erythrocytes and effect of leucocytes during their storage thus emphasizing the need for improved
blood transfusion services and importantly, widespread
component transfusion in Nigeria.

Measurement of Haematocrit.
Haematocrit was measured using microhaematocrit
method. Plain capillary tubes were filled with whole
blood and sealed with plasticine. Samples were centrifuged for 5 minutes at 10,000 rpm. The level of the
packed cells in the tubes was read with microhaematocrit
reader to the nearest 1 %.

Methodology

Results

It is a single centre study conducted in Obafemi Awolowo
University Teaching Hospital Complex, Ile-Ife, Osun
State, Nigeria. Blood samples from 100 qualified donors
were collected in CPDA-1 bags (HELM)) after consent
had been taken. Standard procedure of blood collection
was followed. Samples were collected under aseptic condition. The CPDA-1 blood was stored as whole blood for
35 days. Before mixing the blood in the bags, sampling
supernatant was examined visually for presence of haemolysis. After gentle mixing, aliquot of 5ml was taken
from freshly collected whole blood after 30 minutes of
holding in CPDA -1and at a 7-day interval for measurements of haematocrit, white blood cells and differential
count from each CPDA-1 blood bag via the connecting
tube. Blood bags were stored in blood bank refrigerator
(Sanyo Inc.)

Ten of the blood bags showed visual evidence of haemolysis. There were 6 on day 28 and another 4 on day 35
of storage. The mean ± SD of haematocrit on day 0 and
35 were 38.77 ± 3.13% and 36.52 ± 3.32% respectively.
The means and mean difference of haematocrit, total
white blood cell count and differential counts are as
shown in the table below. There was no significant statistical difference in mean of haematocrit until 14th day of
storage of whole blood (0.12 %, t = 2.93, p < 0.004).

Leucocyte count
White blood cell count was done with whole blood samples (50μl) diluted with Turk’s solution (950μl). Cells
were counted using improved Neubaeur counting chamber. The differential leucocyte count was done using dry
Leishman’s stained thin film. Battlement method of
counting was used to count cells on the film.
Data Analysis
Data analysis was done and presented as mean values ±
SD. The difference in mean values at a particular storage
time was determined using t-test with a significance p ≤
0.05.

The mean difference between haematocrit value of day 0
and 35 was 2.25 ± 1.07 % (t = 20.89, p < 0.05). In fig 1,
haematocrit values of day 0 have strong positive correlation with subsequent measurements throughout the period
of storage (r = 0.946, p<0.05).

Table 1. Showing Haematocrit values and leucocytes count for the period of storage
.

Day 35
36.5±3.3
2.2±1.1
0.000
0.0
3±0.05
MD X109/l
0
2.2±1.0
3.5±1.5
4.3±1.7
4.8±1.8
5.0±1.8
p-value
0.000
0.000
0.000
0.000
0.000
N (%)
61.9±6.8
32.8±7.2
17.1±6.0
6.3±5.3
0.6±1.94
0.1±0.3
L (%)
34.3±7.4
63.4±8.3
79.3±6.2
90.2±5.7
97.5±2.4
99.4±0.8
E (%)
3.6±2.6
3.7±2.3
3.5±1.9
3.3±2.0
1.6±1.4
0.27±0.5
B (%)
0.2±0.4
0.1±0.4
0.1±0.4
0.2±0.5
0.3±0.6
0.23±0.5
M (%)
0
0
0
0
0
0
PCV- Packed cell volume (haematocrit), WBC – White blood cell, MD –Mean difference, N- Neutrophil, L- Lymphocyte,
E- Eosinophil, B- Basophil, M-Monocyte.
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PCV (%)
MD (%)
p- value
WBC X 109/l

Day 0
38.8±3.1
0
5.1±1.90

Day7
38.8±3.2
0.0
0.181
2.9±1.3

Day 14
38.7±3.2
0.1±0.4
0.004
1.5±0.6

Day 21
38.8±3.4
0.0
0.193
0.7±0.3

Day 28
37.5±3.2
1.2±1.0
0.000
0.2±0.12
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Figure 1. Correlation of haematocrit on day 0 and subsequent days of storage
Figure 4. Relationship between neutrophil on day 35 and
haematocrit values of stored blood
day 35 was 5.0 ± 1.8 cells/l (t=26.692, p < 0.05). By day 7
of blood storage, 50 % of leucocytes have disappeared
and only 29% was remaining by 14th day of storage. Of
all the leucocytes, neutrophil showed the most rapid disappearance from stored blood (Figure 3). By the 7th day,
75% of neutrophils have disappeared from the stored
blood with numerous basket cells seen. And only about
8% was remaining on day 14. Contrariwise, though,
lymphocyte constituted 33% of total leucocytes on day 0,
by day 21, 28 and 35, it constituted 90, 97 and 99.4% respectively of total leucocytes count (Figures 3).
Figure 2. Total Leucocytes count in stored blood

Although, other components of white cells were negatively correlated with haematocrit on day 35, it was not
statistically significant.
In figure 4, only the neutrophil count of day 35 has significant negative association with haematocrit on day 35
with linear regression (t = -2.048, ANOVA = 0.027, p =
0.043).

Discussion

Figure 3. The differential count of leucocytes in stored
blood
Biomed Res- India 2013 Volume 24 Issue 4

This study shows that significant reduction in haematocrit
is not noticed until 14th day of blood storage. This could
be explained partly by reduced deformability of stored
erythrocytes which are almost completely packed. Also
about 1/120 of the donated erythrocytes is already at the
end of its useful life because of life span of the cells [7,
8]. Haemolysis might also have contributed to the decrease in haematocrit. Moroff et al reported mean percent
haemolysis after 35 days of storage as 0.58 ±0.23 % [9].
505
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Leakage of haemoglobin occurs during storage. Although,
this is with variation, variable mechanical injury may be
responsible [10]. Handling of blood bags and repeated
exposure to higher than expected ambient temperature
could have added to haemolysis [11, 12]. Other changes
such as sphering and crenation are due to anticoagulants
and other biochemical changes such as reduction of 2,3DPG and ATP [9, 13]. Most of these biochemical changes
occur between the second and third week of storage [10].
This is in spite of mechanisms put in place to reduce
haemolysis on storage.

release, haemolysis and improved morphology scores was
reported by Greenwalt et al in leucocyte-depleted red
blood cells unit [24]. And in order to reduce the haemolytic effects of leucocyte on erythrocytes in stored blood,
Hogman et al reported effectiveness of adding synthetic
enzyme inhibitors of chymotrypsin-like enzyme [21].
Transfusion of aged stored blood is associated with many
pro-inflammatory effects likely because of the substances
released during storage. Neutrophil is a major destroyer of
erythrocyte membranes when activated as a number of
toxic radicals are released [21-23].

In addition, leucocytes break down to release their constituents such as hydrogen peroxide and proteases which
damage the erythrocytes [5, 15-17]. The degree of haemolysis is shown to be related to the levels of leucocytes
in additive suspended units [5, 16, and 17]. There are improved biochemical changes with associated reduction in
leucocyte enzymes such as elastase and chymotrypsin-like
enzymes when units are leucodepleted. The presence of
leucocytes is associated with membrane lesion with attendant potassium leakage, increased glycolysis and compromised ATP preservation. A significant benefit and
better blood preservation when blood components are
separated at the time of collection to liquid or freeze preserved [15-17] has therefore been reported. The viability
and stability of stored erythrocytes is improved.

This is also evidenced in this study where neutrophil
count on day 35 of storage was independently negatively
associated with haematocrit value. Leuco-depletion delays the appearance of storage lesions. Recipients of leucocyte-depleted blood have reduced metabolic burden of
transfusion as in-vitro parameters such as PH, K+ and
haemolysis levels were also improved [13].

There is progressive drastic reduction in the differential
count of neutrophils and by day 14 it constituted only 8%
while the relative proportion of lymphocyte differential
was progressively increasing. Studies have shown that
polymorphonuclear cells are reduced to 50% of their
number in 48 hours and only 25% would remain after the
seventh day of storage [18, 19]. And as shown in this
study, 75% of granulocytes have disappeared by day 7 of
storage; little benefit is therefore derived in leucopenia or
agranulocytosis when blood has been stored for more than
two days.
The proportion of lymphocyte differential by 35th day of
storage was 99.4%. This is similar to the finding of Sagir
et al [20]. Lymphocyte has the longest half life both invivo and in-vitro. By implication, the risk of graft- versushost reaction will increase with transfusion of whole
blood and consequently increased graft rejection rate of
marrow or kidney transplantation [21].
There is a negative correlation between the leucocytes and
more importantly neutrophil count on day 35 and the
haematocrit values from day 0 to day 35 of storage. This
implies that the leucocytes and specifically neutrophils
negatively affect the erythrocytes and/or the milieu in
which the cells are stored. The degree of haemolysis has
been previously shown to be related to the levels of leucocytes [21-23]. Reduced exocytic vesicle formation, K+
506

Reduction in leucocytes also reduces the risk of HLA
immunization [25-29]. Risk of transmitting parasitic, viral
and bacterial infections such as Trypanosoma cruzi,
CMV, HTLV-1 and HTLV-11 is also reduced [25, 26].
This may well be that patients envisaged for organ transplantation such as renal allograft recipients will be better
transfused [27], with leuco-depleted red cells. Sircha et al
1990 reported reduced febrile, non-haemolytic reactions
in leuco-depleted blood products. In addition post-storage
ATP is less in unfiltered blood units. Separation of leucocyte from blood at collection has been reported by many
authors as a better way to preserve erythrocytes and consequently increase post transfusion survival. It also reduces burden of transfusion.
In conclusion, this study has shown that there are significant cellular changes in stored whole blood. It has also
suggested that these changes affect the quality of the
blood. There is a significant interaction in the components
of the blood in vitro. In order to optimize the limited
blood supply for numerous recipients, component therapy
would be a better option in our transfusion services. This
would increase the yield from blood transfusion services
when components are available to treat other medical
conditions. Blood safety would also improve when leucocyte depleted blood are transfused. The more common
practice in developed nations is blood components for
transfusion [30].
There is a challenge of inadequate supply of blood for
transfusion in our health centers partly because of cultural
reasons [31] but the available few pints should be judiciously and adequately utilized to meet the ever growing
need of transfusion of blood and its products.
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