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ABSTRACT
Purpose: Delineating the changes occuring in various parameters of automated comp-
lete blood cell count of normal and abnormal specimens due to prolonged storage at 
different conditions. 
Methods: The study was conducted in Ankara Numune Education and Research Hos-
pital Emergency Biochemistry Laboratory. 117 randomly selected K2EDTA anticoagu-
lated blood specimens were processed through the Coulter Gen S hematology analyzer, 
before and after 24 and 48 h storage at room temperature and +4oC. Among the 117 
specimens; 48 were normal, 14 were leukopenic, 27 had leukocytosis, 19 were throm-
bocytopenic and 9 had thrombocytosis. 
Results: Room temperature storage caused MCV and MPV increase in all normal and 
pathalogical specimens. At 48 hours, Htc and RDW were increased in all specimens 
except the ones with leukocytosis. MCHC was decreased in all but leukopenic ones. 
Refrigerated storage caused a decline in WBC and platelet counts of normal specimens. 
MPV was increased in the specimens with leukocytosis whereas MCHC was decreased 
in leukopenic ones. Specimens with thrombocytosis and thrombocytopenia were stable 
up to 48 hours at + 4oC.
Conclusion: In CBC measurements, it is preferred to analyze the specimens in a short 
time after venipuncture. The only stable parameters seem to be RBCs and hemoglobin 
if the measurements are carried out following a delay.
Key words: Hematology, blood cell count, refrigeration

ÖZET
Amaç: Ankara Numune Eğitim ve Araştırma Hastanesi Acil Biyokimya Laboratuarı’nda 
analiz edilen normal ve patolojik hemogram kanlarının, farklı saklama koşullarının tam 
kan sayım parametreleri üzerindeki değişimlerini saptamak.
Gereç ve Yöntemler: Çalışma Ankara Numune Eğitim ve Araştırma Hastanesi Acil 
Biyokimya Laboratuarı’nda yapılmıştır. Rastgele seçilmiş 117 K2EDTA’lı kan örneği, 
oda sıcaklığında ve +4oC’de buzdolabında 2 gün saklanarak, gelir gelmez, 24 saat ve 
48 saat sonra Coulter Gen S hemogram cihazında çalışılmıştır. 117 kan örneğinden 48’i 
normal, 14’ü lökopenik, 27’si lökositoz, 19’u trombositopenik, 9’u trombositoz’lu idi. 
Bulgular: Oda sıcaklığında bekletilen normal ve patolojik tüm kan örneklerinde MCV 
ve MPV artmıştır. Ayrıca ikinci gün, lökositozlu örnekler haricinde tüm örneklerde Htc 
ve RDW artmış, lökopenik örnekler haricinde ise MCHC azalmıştır. Buzdolabında bek-
letme ile normal kan örneklerinde WBC ve trombosit sayısı azalmış olup patolojik kan 
örneklerinden lökositozlu olanlarda MPV artışı, lökopenik kan örneklerinde ise MCHC 
azalması görülmüştür. Trombositozlu ve trombositopenik kan örnekleri buzdolabında 
bekletildiğinde iki gün stabilitesini korumuştur. 
Sonuç: Tam kan sayım analizinde tercih edilen kanın alımından kısa bir süre sonra 
ölçülmesidir. Eğer ölçümlerde bir gecikme olursa sadece eritrosit ve hemoglobin stabil 
parametreler olarak görülmektedir.
Anahtar kelimeler: Hematoloji, tam kan sayımı, soğutma
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Introduction
Laboratory practices carried out by centralized labo-
ratories make it critical to know the specimen storage 
conditions well. Transport of collected blood specimens 
to centralized laboratories can lead to a delay in testing 
for several hours. Cellular elements are known to have 
a limited stability in blood containing ethylenediamine 
tetraacetate (EDTA) [1]. Excessive delays in processing, 
however, might compromise the reliability of results. Li-
mited number of studies have been conducted with all 
the currently used hematology analyzers for the effects 
of storage on analysis [2-4]. Delays in analysis may have 
caused different results in both normal and pathological 
specimens [2]. 
Manufacturers of automated analyzers and published 
literature often state that blood specimens, kept at eit-
her room temperature or at +4oC (refrigerated) for up to 
24 hours, generally reveal reliable results for Complete 
Blood Cell Count (CBC) [2-4]. However, these studies 
may not be satisfactory as the high variety of analyzers 
used are considered. Besides, no consensus was reached 
about which paremeters can still be reliable in delays 
over 24 hours when the analyzers were out of order due 
to different reasons [2-4,6]. 
In order to decide whether to accept or reject the aged 
specimen, laboratory staff needs to be familiar with the 
changes known to occur in blood specimens during sto-
rage [3]. 
In the present study, Beckman Coulter Gen–S (COUL-
TER Corp, Miami, USA) hematology analyzer was used 
in order to compare the stability of normal and patholo-
gical blood specimens collected in K2EDTA tubes and 
stored at +4oC and +25oC up to 48 hours and evaluated if 
there is an advantage of storing at +4oC.  

Materials and Methods
A total of 117 randomly selected K2EDTA anticoagu-
lated blood specimens were processed through the Co-
ulter Gen S hematology analyzer at Ankara Numune 
Education and Research Hospital Emergency Bioche-
mistry Laboratories. Two specimens were taken from 
each patient into two separate tubes. Among the 117 
specimens; 48 of them were normal, 14 of them were 
leukopenic (white cell count, <4.0 x 103/µL), 27 of them 
had leukocytosis (white cell count, >11.0 x 103/µL), 19 
of them were thrombocytopenic (platelet count, <140 
x 103/µL) and 9 of them had thrombocytosis (platelet 
count, >400 x 103/µL). Blood specimens were kept 
at either room temperature or in refrigerator prior to 
analysis up to 48 hours. 
Each sample was drawn into 4 mL capacity K2EDTA 
BD Vacutainer  tubes. Each sample was analyzed at 
time point of <20 min (baseline measurement). After 
this initial measurement, each sample was divided into 
two separate tubes; and stored at room temperature 
or at +4oC throughout the study for stability evalua-

tions. All specimens were re-analyzed at 24 and 48 
hours. The specimens stored at +4oC were allowed to 
equilibrate at room temperature for 30 minutes prior 
to analysis. Room temperatures were measured with a 
standard indoor thermometer and temperature follow-
up charts were daily filled as a part of quality control 
standards. The range of temperature during the study 
was 21 ± 3oC. 
According to the recommendations of the International 
Committee of Haematology Standardization; the maxi-
mized storage intervals for CBC and differential count 
were 6 hours at 18-22oC and 24 hours at 2-6oC [5]. With 
the guidance of these information, it is known that no 
change occurs in the first 6 hours. Actually, we carri-
ed out the study up to 72 and 96 hours. But we neither 
splitted the specimens to aliquotes in different tubes nor 
made a specimen pool. So, the device could not make 
proper readings due to some inadequate specimen volu-
mes. The number of specimens with no measured value 
at these hours were high enough to affect our statistical 
evaluations. For that reason we excluded these time in-
tervals from the study. 
The Coulter Gen-S uses impedance technology so as to 
generate a 12-part CBC and volume (impedance), con-
ductivity, and light scatter measurements, commonly 
referred to as VCS technology, to generate a 5-part dif-
ferential. In addition; it gives the percent and absolute 
number of reticulocytes making a total of 24 parame-
ters. However, we did not carry out reticulocyte count 
in this study. Because this device could not make a reti-
culocyte count. The Software version used in the study 
was 4A5. Calibration and quality control of the analyzer 
were performed using S-cal and 3 levels of 5C control 
(both from Beckman Coulter), respectively according to 
the manufacturer’s instructions. External Quality Cont-
rol was carried out with Bio-Rad Laboratories EQAS 
system. (External Quality Assurance Services). Exter-
nal quality control reports are among the goals of per-
formance.
Table 1 illustrates the reference values and within-run 
precision values for the CBC parameters used in this 
study. Within-subject and between-subject CV values of 
analytes and desirable analytical quality specifications 
for total error are shown (Table 2) [7].

Statistical analysis
The groups were compared for each parameter and per-
cent changes were calculated. The values of the initial 
measurements were taken into account for comparisons. 
The percent change value obtained for each parameter 
was compared with the pre-determined imprecision va-
lue calculated for individual biological variation. The 
allowable total error (TEa) was accepted as the target 
value for imprecision. Between groups differences were 
evaluated with paired Student’s T test. Values of p less 
than 0.05 were considered to be significant.
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Results
Among the normal specimens stored at room temperatu-
re; WBC, RBC, hemoglobin and platelets were relatively 
stable; the MCV, RDW and MPV each increased over 
time at day 1 and day 2; Htc increased at day 2 while 
MCHC descended over time; each change was statisti-
cally significant (p<0.05). When the specimens stored at 
room temperature were compared with regard to target 
value dependent on biological variation; obtained per-
cent change values were higher than the target values 
determined for imprecision for only RDW in day 1, and 
Htc, MCV, RDW and MPV in day 2 (Table 3). Among 
the WBC differentials; the number of monocytes tended 
to decrease over time both statistically and with regard 
to biological variation. (especially at day 2). The 95% 
CIs for the monocyte number ranged between 0.0373 
to 0.2585 throughout the 2 –day period. The ranges for 
other WBC differential counts were from -0.2996 to 
0.0954 for the number of neutrophils, from – 0.1283 to 
0.1366 for the number of lymphocytes, from – 0.0215 to 
0.0173 for the number of eosinophils, and from – 0.0140 
to 0.0265 for the number of basophils. 
The same specimens stored at +4oC exhibited lower 
mean WBC and platelet count at day 1 and day 2. MCV 
was stable for the first day, but an increase was obser-
ved at day 2. MPV and MCH were increased (p<0.05). 
When compared with biological variation values, only 
the changes in WBC and MPV in day 2 were higher than 

the predetermined imprecision values. From the results 
of the differential count; a downward trend was obser-
ved for lymphocytes and neutrophiles at day 2. (Table 
4). The 95% CIs during the 2 –day period ranged from 
1.264 to 2.372 for the number of neutrophils. The ranges 
for other WBC differentials were from - 0.1965 to 0.3507 
for the number of monocytes, from – 0.0685 to 0.2481 
for the number of lymphocytes, from – 0.0029 to 0.0279 
for the number of eosinophils, from – 0.0011 to 0.0364 
for the number of basophils. Higher values for neutrop-
hiles at day 1 and for basophiles at day 1 and day 2 were 
detected according to biological variation. 
Among the pathological specimens; MCV and MPV inc-
reased at day 1 and 2 when bloods having leukocytosis 
were kept at room temperature. MCHC was decreased. 
An increase was detected in Htc and MPV at day 1 and 
day 2; and in MCV, MCHC and RDW at day 2 in refe-
rence to biological variation values. Since the refrigera-
tor stored counterpart of the same specimens, only MPV 
increased at day 1 and 2 (p<0.05). Among the samples 
with leukocytosis kept at refrigerator Htc, MCV, MCHC, 
RDW ve MPV were elevated when evaluated due to bi-
ological variation values (Table 5). In leukopenic speci-
mens kept at room temperature, MCV, RDW, Htc and 
MPV increased at day 2, MPV at day 1 and RDW at day 1 
and day 2 increased according to biological variation but 
in leukopenic specimes kept at +4oC ; only MCHC was 
decreased at day 2 (p<0.05), RBC, HGB, Htc, MCHC 
and Plt were increased at day 2, MPV was increased at 
day 1 with regard to biological variation (Table 6). 

Table 2. Within-subject and between-subject CV values of analytes 
and desirable analytical quality specifications for total error

Parameter	 CVi  	 CVg 	 TEa

WBC, x109/L	 10.9	 19.6	 14.6 
NE, x109/L	 16.1	 32.8	 22.4
LY, x109/L	 10.4	 27.8	 16
MO, x109/L	 17.8	 49.8	 27.9
EO, x109/L	 21	 76.4	 37.1
BA, x109/L	 28	 54.8	 38.5
RBC, x1012/L	 3.2	 6.1	 4.4
Hemoglobin, g/dL	 2.8	 6.6	  4.1
Hematocrit, %	 2.8	 6.4	  4.1
MCV, fL	 1.3	 4.8	 2.3
MCH, pg	 1.6	 5.2	 2.7
MCHC, g/dL	 1.7	 2.8	 2.2
RDW-CV, %	 3.5	 5.7	   4.6
Platelet, x109/L   	 9.1	 21.9	 13.4
MPV, fL	 4.3	 8.1	 5.8

CVi: : within-subject biological variation
CVg : between-subject biological variation
TEa : allowable total error 

Table 1. Range of initial automated CBC and differential of speci-
mens included in the study

Parameter	 Range	 	 Mean	 %*

WBC, x109/L	 4.4-11.3	 9	 2.13
NE, %	 45.5-73.1	 59.8	 1.81
LY, %	 18.3-44.2	 22.6	 5.13
MO, %	 2.6-13	 9.05	 3.36
EO, %	 0.00-7.00	 8.5	 6.14
BA, %	 0.00-1.2	 0.2	 22.36
NE, x109/L	 1.31-6.71 	 5.4	 3.56
LY, x109/L	 0.9-3.22	 2	 4.47
MO, x109/L	 0.12-1.13	 0.8	 5.59
EO, x109/L	 0.00-0.700	 0.75	 7.30
BA, x109/L	 0.00-1.2	 0.05	 4.25
RBC, x1012/L	 4.1-5.1	 5.35	 1.21
Hemoglobin, g/dL	 12.3-15.3	 16.05	 0.71
Hematocrit, %	 36-45	 47.15	 0.45
MCV, fL	 80-97	 88.05	 1.53
MCH, pg	 27.5-33.2	 30.05	 1 .22 
MCHC , g/dL	 32.0-36.0	 34.1	 0.74
RDW-CV, %	 11.5-14.5	 14.9	 2.79
Platelet, x109/L   	 150-450	 210.5	 2.75
MPV,  fL	 7.0-12.0	 10.5	 1.78 

* within-run precision values from analyses of medium samples 
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In specimens with thrombocytosis, storage at room tem-
perature caused an increase in Htc, MCV, RDW, MPV 
and a decrease in MCHC (p<0.05). MCV, MCHC, RDW 
were increased at day 2 and MPV was increased at day 1 
and day 2 according to biological variation. No signifi-
cant changes were observed when same specimens were 
refrigerated. When the specimens were kept at refrigera-
tor; WBC, RBC, HGB, Hct, MCH, MCHC, Plt and MPV 
were increased at day 2 (Table 7). In thrombocytopenic 
specimens room temperature storage caused an increase 
in Htc, MCV, RDW ve MPV at day 2 (p <0.05), MCHC 
was decreased. At days 1 and 2 in RDW, and at day 2 
MCHC and MPV were increased due to biological va-
riation, but refrigerated storage showed correlation with 
the initial measurements. In these specimens only MPV 
at day 1 was increased biologically (Table 8). 
Among the pathological specimens; results of the diffe-
rential count were not significant changes. So their re-
sults were not shown in the tables.  		

Discussion
According to the recommendations of the Committee of 
International Haematology Standardization; Hemato-
logy analyzer manufacturers often quote that blood spe-
cimens kept at either at room temperature or at +4 oC up 
to 24 hours generally reveal reliable results for complete 
blood count and automated differential count [5]. The 
recent trend towards large centralized laboratories have 
brought some obligations about the transfer and storage 
times of the blood specimens properly. Laboratories now 
test specimens that have been dispatched over a long dis-
tance; and the testing is often delayed by several hours or 
in some cases for days [1,3].
Refrigerated storage of anticoagulated blood has been 
noted to improve the stability of CBC. However, the 
number of systematic reviews including all the com-
monly used hematology analyzers and patological spe-
cimens along with normal ones is limited [4,8]. The stu-
dies of Wood et al. with Cell-Dyne 3500, Hedberg et al. 
with Cell-Dyne Saphire and Warner et al. with Coulter 
STKS have all claimed that refrigerated storage impro-
ves stability with these analyzers [3,8,9]. However; the 
results of the study of Gulati et al. with Coulter Gen S 
analyzer have shown that stability of normal and patho-
logical specimens at room temperature can be acceptab-
le with some limitations, but the same can not be clai-
med for the differential count [2]. In this study, we also 
used Coulter Gen S analyzer and investigated if there 
were any advantages of refrigerated storage over room 
temperature storage.
The evaluation of the study results was not only compa-
red statistically but according to the biological variations 
of defined analytical goals as well. Each of the analytes 
within subject CV and between subject CV results and 
desirable analytical quality spesifications for total error 
values are given in Table 2.

The parameters measured directly like WBC, RBC, 
hemoglobin and platelet remained stable for 2 days at 
room temperature as stated earlier in the study by Gulati 
et al. The degree of change observed in WBC count of 
both normal and pathological specimens throughout the 
study could be considered acceptable for clinical app-
lications. However, a significant decrease in WBC and 
platelet count was observed when the same specimens 
were kept at + 4oC . This downward trend was prevented 
by using impedance technology instead of optical mea-
surement in the study of Wood et al [8]. We did not have 
the chance to compare optical and impedance measure-
ment techniques as the Beckman Coulter Gen S analyzer 
uses only impedance technology. However; we used the 
impedance method of Coulter Gen S to analyze the spe-
cimens stored at +4oC; and concluded that the decrease 
can not be prevented both for biological variation and 
statistically. 
Unexpectedly we obtained negative percentage change 
in HTC and positive percentage change in MCV in nor-
mal specimens. But the situation which was found at the 
first 24 hours period measurement was not significant 
for both biological variation and statistically (Table 3). 
This unsignificant change is considered as the calculati-
ons of Htc and MCV are in within run presicion values.
The increase in MCV in the specimens stored at room 
temperature reflects the swelling of RBCs. As also in-
dicated by Wood et al. this increase is largely prevented 
by refrigerated storage [8]. In our study; we also conclu-
ded that the increase in MCV at room temperature was 
significant both biologically and statistically; whereas in 
refrigerated storage the increase in MCV was signifi-
cant statistically while the target imprecision values for 
biological variation could not be passed. An increase in 
MPV is also observed besides MCV. But the increase in 
MPV was over the biological variation limits in speci-
mens kept at refrigerator. 
The decrease in MCHC is caused by hematocrit incre-
ase when the hemoglobin level is still stable. As it is 
commonly known, MCHC is a parameter calculated 
by the ratio of hemoglobin to hematocrit multiplied by 
100. Changes in the components of this equation will 
also lead to a change in MCHC value. But the changes 
detected in MCHC were not higher than the biological 
variation target values. 
In our study, it is obviously seen that especially the sto-
rage of pathological specimens at +4oC improves the 
stability when compared to normal specimens. Howe-
ver, we argue that this result is due to the higher number 
of studies with normal specimens than the pathological 
ones. As a result, we decided to increase the number of 
pathological specimens so as to make the changes more 
meaningful. 
In CBC measurements, it is preferred that the specimens 
are analyzed in a short time after venipuncture. The only 
stable parameters seem to be RBCs and hemoglobin if 
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the measurements are carried out following a delay es-
pecially for the evaluations we made with the normal 
specimens. For other parameters; delayed processing af-
fects stability. The delays and the possible effect of these 
delays on the results should be indicated in the reports. 
However, in case of necessity; for Coulter Gen-S analy-
zer; it can be concluded that it is possible to maintain the 
stability of specimens by refrigerated storage up to two 
days with some limitations. 
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