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ABSTRACT 
Complete blood count is a primary and important basic test for analysis of medical abnormalities. Measurements were 
performed by using Celltac G MEK-9100 CBC analyzer at regular intervals up to 246 h (10 days). Analysis of red blood 
count, white blood count, and hemoglobin level was clinically stable and qualitatively reliable upto186 h (7.75 days), 126 h 
(5 days) and 90 h (3.75 days) respectively extended storage at 4 ± 1°C. While the most parameters of complete blood counts 
were clinically and significantly unaffected up to 48 h (2 days) except for the platelet with its indices plateletcrit and mean 
platelet volume which was significant qualitatively reliable up to 6 h. It is concluded that there is no guarantee for the quality 
and reliability of CBC parameters for the refrigerated blood samples during extended periods of storage at 4°C after 2 days 
except that of red blood cell count, hemoglobin level and white blood cell counts. 
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Abbreviations: CBC: Complete Blood Count; RBC: Red Blood Cells; HGB: Hemoglobin; WBC: White Blood Cells; NE: 
Neutrophills; LY: Lymphocytes; MO: Monocytes; EO: Eosinophills; BA: Basinophil; HCT: Hematocrit; MCV: Mean 
Corpuscular Volume; MCV: Mean Corpuscular Volume; MCH: Mean Corpuscular Hemoglobin; MCHC: Mean Corpuscular 
Hemoglobin Concentration; PLT: Platelet; MPV: Mean Platelet Volume; PCT: Plateletcrit 

INTRODUCTION 

Stability and reliability are compulsory for the preservation 
of the excellence for final results of the analyzer, storage 
temperature, and extended duration. Especially where the 
blood samples are held in reserve for a long period of time 
before analysis, there is a risk of the quality for reliability 
and stability of measurements when they are run for 
analyzing. There are three process phases of analytical 
diagnostics, pre-analytical phase, analytical and the post-
analytical phase. Primarily, accurate blood collection, proper 
handling and shifting in the laboratory are the essential 
process to get the superior quality and reliability of the test 
results in hematology, which have been published by the 
ICSH, WADA and WHO [1-3]. 

Di-potassium (K2) and Tri-Potassium (K3) salts of EDTA 
are the standard anticoagulants used for the maintenance of 
cellular parts of blood for hematology investigations. 
Enhanced stability has been detected in the blood specimen 
stored at refrigeration (4°C) with K2-EDTA-anticoagulant 
[4,5]. K2-EDTA is now contemplated as the anticoagulants 
choice for modern automatic CBC analyzers [1,6]. K2-
EDTA has a lesser diluents outcome and minor influence on 

mean corpuscular volume, hematocrit and effects on red 
blood cell size to improve the concentrations over K3-EDTA 
[7,8]. According to the guidelines of WADA, ideal storage 
for blood samples is 4°C [7,9]. Blood samples stored at 
<2°C can cause freezing destructions to RBCs leading to 
hemolysis whereas storage at >6°C can create an overgrowth 
of indefinite bacteria during sampling [5,6,10-13]. 

RESULTS AND DISCUSSION 

Recently different authors have established that the 
measurements of HGB concentration and RBC counts are 
stable up to 72 h after blood collection if  blood  is  stored  at 
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stable up to 72 h after blood collection if blood is stored at 
4°C, while MCV and HCT values display to increase after 6-
12 h in an expected measure [14-16]. Evaluation of RBC and 
HGB were qualitatively reliable up to 186 h and 90 h, 
respectively and other most parameters of complete blood 
counts were stable up to 48 h except platelet, PCT and MPV 
that was significantly stable up 6 h in the study conducted by 
Sajid [7]. Many other studies conducted in past conflicting 
results regarding findings of white blood count, red blood 
count, hemoglobin level, platelet counts with their indices at 
room temperature [11,17,18]. However, some studies that 
were conducted using refrigerated (4°C) temperature show 
that white blood count, red blood cell count, and hemoglobin 
level were constant up to 72 h [19,20]. Only Ashenden et al. 
[21] recently confirmed that hemoglobin was stable for at
least 168 h using the Sysmex XT-2000i analyzer when
maintained temperature between 4°C and 6°C [21]. The
differences of stability observed between WBC, RBC and
HGB level and those observed by some others may be due to
different experimental conditions and analyzers type.

White blood cell counts with automated differentials were 
stable at 4°C for at least 24 h or still to 72 h in different 
studies. Particularly in MO tends to rise, whereas EO and 
LY counts tend to reduce over time, NE count was stable up 
to 72 h with a latest advanced generation analyzer [20,22]. 
The study conducted by Sajid [7] showed stability and 
reliability 126 h (5 days) for white blood cell count; 42 h 
(1.75 days) up to 66 h (2.75 days) for WBC differentials 
(NE, LY, MO and EO) and basophils were comparatively 
much less stable up to 6 h. Studies were done by of Baca 
[19], Muller [23] and Joshi [24] are showing stability time of 
48 h to 72 h in these parameters which is not much varied to 
results conducted by Sajid [7] at refrigerated storage.  

Stability of HCT and MCV were stood secure up to 54 h and 
42 h, respectively that are identical to other many studies 
conducted at 4°C [8,24-27] while studies made by Turhan 
[18] and Lippi [28] demonstrate increment was monitored
after 48 h due to reflect the swelling of RBC at room
temperature. Described by Wood [29] increment is
prevented by refrigerated temperature which favors to the
conducted study by Sajid [7]. The stability of MCH up to 18
h, MCHC and RDW-SD up to 30 h, as well as RDW-CV up
to 42 h, were noted in the study made by Sajid [7]. The
MCV, HCT, RDW-CV and RDW-SD increased while the
MCHC decreased over the time at 4°C. The conclusion of
these parameters is identically investigated by Baca et al.
[14], at room temperature using Sysmex X-2100 and Sven
Christen Voss et al. [19] at 4°C.

Main significant finding in my study was the statistically 
significant decline in PLT, PCT and MPV from 6 h to 
onwards. The platelet counts in specimens stored at 4°C is 
considered stable for up to 24 h or even 72 h in some studies 
that disagree with the results of Sajid [6,21], although some 
studies have also demonstrated gradually decrease over time 

[5,22]. Murphy and Richard proved lifespan of the platelet is 
less at 4°C than room temperature. Storage at 4°C issued in a 
noticeable reduction of the lifespan i.e. the lifespan (t1/2) of 
refrigerated and stored at room temperature of platelets are 
1.3 and 3.9 days, respectively [28,30,31]. Concluded by 
Massimo et al., platelet counts using (impedance and 
fluorescent) techniques was stable at 4°C up to 6 h and 
Dammika et al., also concluded PLT and MPV were stable 
up to 6 h which support the results of Sajid et al. [25,32]. 
Time and concentration associated alterations in platelet 
from curled to round and an abnormal enlargements do 
cause in a specimen collected in EDTA and stored at 4°C; as 
a result of these alterations, the mean platelet volume is not 
fully reliable. The increment in MPV over time disclose by 
many studies [18,19,26,27,33]. The above discussion shows, 
PLT, PCT and MPV may be done for examination within 6 
h after blood collection. According to the discussion and 
results of Sajid et al., CBC blood samples can be stored at 
4°C when the delay is anticipated up to two days except for 
PLT, PCT and MPV. 

CONCLUSION 

The conclusion from the study conducted by Sajid et al., the 
broad and recently compiled knowledge regarding the 
performance of CBC parameters over time under various 
situations allow the detection of definite requirements and 
time threshold for pathological applications in hematology 
laboratory, according to specific demands. 

ACKNOWLEDGEMENT 

The author acknowledges with the thanks of his family 
members especially his spouse that she made him relax to 
write which was to induce in family matters. 

REFERENCES 

1. Gosselin RC, Adcock DM, Bates SM, Douxfils J,
Favaloro EJ, et al. (2018) International council for
standardization in hematology (ICSH) recommendations
for laboratory measurement of direct oral
anticoagulants. Thrombosis and Hemostasis 118: 437-
450.

2. (2016) Guidelines- Blood sample collection. Available
from: https://www.wada-ama.org/en/resources/world-
anti-doping-program/guidelines-blood-sample-
collection

3. Organization WHO (2010) WHO guidelines on drawing
blood: best practices in phlebotomy.

4. Mehmood R, Muhammed RK, Hussain S, Sana A
(2018) Evaluation of di‐potassium and tri‐potassium
EDTA evacuated tubes for routine hematological
testing. J Clin Lab Anal 32: 22188.

5. Goossens W, Van Duppen V, Verwilghen R (1991) K2‐
or K3‐EDTA: The anticoagulant of choice in routine
hematology? Clin Lab Haematol 13: 291-295.

https://www.wada-ama.org/en/resources/world-anti-doping-program/guidelines-blood-sample-collection
https://www.wada-ama.org/en/resources/world-anti-doping-program/guidelines-blood-sample-collection
https://www.wada-ama.org/en/resources/world-anti-doping-program/guidelines-blood-sample-collection


SciTech Central Inc.  20 
Oncol Clin Res (ONCR) 

Oncol Clin Res, 1(1): 18-21  Hussain S 

6. Zini G; Hematology ICfSi (2014) Stability of complete
blood count parameters with storage: Toward defined
specifications for different diagnostic applications. Int J
Lab Hematol 36: 111-113.

7. Hussain S, Mehmood R, Arshad FA, Khan S (2018)
Evaluation and comparison of stability and reliability of
CBC parameters determined by using automatic Celltac
G MEK-9100 hematology analyzer during extended
storage at 4°C. J Clin Res Bioeth 9.

8. Mahmoodi M, Hajizadeh M, Rashidinejad H,
Asadikaram G, Khaksari M, et al. (2006) Survey of
changes in complete blood count and red cell indices of
whole blood incubated in vitro at different temperatures
up to 48 h. J Ayub Med Coll Abbottabad 18: 14-16.

9. Cohle SD, Saleem A, Makkaoui DE (1981) Effects of
storage of blood on stability of hematologic parameters.
Am J Clin Pathol 76: 67-69.

10. Ahn S, Cho SM, Shin H, Lee KA (2016) Comparison of
improvacuter EDTA tube with BD vacutainer EDTA
Tube for routine hematological analysis: Clinical
Significance of differences, stability study and effects of
K 2 and K 3 EDTA. J Lab Med Qual Assur 38: 77-86.

11. England J, Rowan R, Van Assendelft O, Bull B, Coulter
W, et al. (1993) Recommendations of the International
Council for Standardization in hematology for ethylene
diamine tetraacetic acid anticoagulation of blood for
blood cell counting and sizing: International Council for
Standardization in Hematology: Expert Panel on
Cytometry. Am J Clin Pathol 100: 371-372.

12. Buttarello M (2004) Quality specification in
haematology: The automated blood cell count. Clinica
Chimica Acta 346: 45-54.

13. Cornet E, Behier C, Troussard X (2012) Guidance for
storing blood samples in laboratories performing
complete blood count with differential. Int J Lab
Hematol 34: 655-660.

14. Voss SC, Flenker U, Majer B, Schänzer W (2008)
Stability tests for hematological parameters in anti-
doping analyses. Lab Hematol 14: 24-29.

15. Robinson N, Mangin P, Saugy M (2004) Time and
temperature dependent changes in red blood cell
analytes used for testing recombinant erythropoietin
abuse in sports. Clin Lab 50: 317-323.

16. Robinson N, Sottas P, Pottgiesser T, Schumacher Y,
Saugy M (2011) Stability and robustness of blood
variables in an anti-doping context. Int J Lab Hematol
33: 146-153.

17. Briggs C, Longair I, Kumar P, Singh D, Machin SJ
(2012) Performance evaluation of the Sysmex
hematology XN modular system. J Clin Pathol.

18. Turhan T, Sezer S, Yücel Ç, Koca Y (2011) Effects of
storage conditions on complete blood cell count
parameters. Turk J Biochem 36.

19. de Baca ME, Gulati G, Kocher W, Schwarting R (2006)
Effects of storage of blood at room temperature on
hematologic parameters measured on Sysmex XE-2100.
Lab Med 37: 28-36.

20. Imeri F, Herklotz R, Risch L, Arbetsleitner C, Zerlauth
M, et al. (2008) Stability of hematological analytes
depends on the hematology analyser used: A stability
study with Bayer Advia 120, Beckman Coulter LH 750
and Sysmex XE 2100. Clinica Chimica Acta 397: 68-
71.

21. Ashenden M, Clarke A, Sharpe K, d'Onofrio G,
Plowman J, et al. (2013) Stability of athlete passport
parameters during extended storage. Int J Lab Hematol
35: 183-192.

22. Edlund B, Jones I, Eriksson M, Fredlund I, Magnuson A
(2004) Effect of sample aging on patient samples kept at
ambient temperature before analysis with the Abbott
Cell-Dyn 4000 hematology analyzer. Lab Hematol 10:
38-41.

23. Müller R, Mellors I, Johannessen B, Aarsand A, Kiefer
P, et al. (2006) European multi-center evaluation of the
Abbott Cell-Dyn sapphire hematology analyzer. Lab
Hematol 12: 15-31.

24. Joshi A, McVicker W, Segalla R, Favaloro E, Luu V, et
al. (2015) Determining the stability of complete blood
count parameters in stored blood samples using the
SYSMEX XE‐5000 automated hematology analyser. Int
J Lab Hematol 37: 705-714.

25. Gunawardena D, Jayaweera S, Madhubhashini G,
Lokumarakkala DD, Senanayake SJ (2017) Reliability
of parameters of complete blood count with different
storage conditions. J Clin Lab Anal 31: e22042.

26. Gulati GL, Hyland LJ, Kocher W, Schwarting R (2002)
Changes in automated complete blood cell count and
differential leukocyte count results induced by storage
of blood at room temperature. Arch Pathol Lab Med
126: 336-342.

27. Hedberg P, Lehto T (2009) Aging stability of complete
blood count and white blood cell differential parameters
analyzed by Abbott CELL‐DYN Sapphire hematology
analyzer. Int J Lab Hematol 31: 87-96.

28. Lippi G, Salvagno GL, Solero GP, Franchini M, Guidi
GC (2005) Stability of blood cell counts, hematologic
parameters and reticulocytes indexes on the Advia A120
hematologic analyzer. J Lab Clin Med 146: 333-340.

29. Wood BL, Andrews J, Miller S, Sabath DE (1999)
Refrigerated storage improves the stability of the



SciTech Central Inc.  21 Oncol Clin Res (ONCR) 

Oncol Clin Res, 1(1): 18-21  Hussain S 

complete blood cell count and automated differential. 
Am J Clin Pathol 112: 687-695. 

30. Egidi MG, D’Alessandro A, Mandarello G, Zolla L
(2010) Troubleshooting in platelet storage temperature
and new perspectives through proteomics. Blood
Transfusion 8: 73.

31. Murphy S, Gardner FH (1969) Platelet preservation:
Effect of storage temperature on maintenance of platelet
viability — deleterious effect of refrigerated storage. N
Engl J Med 280: 1094-1098.

32. Daves M, Zagler EM, Cemin R, Gnech F, Joos A, et al.
(2015) Sample stability for complete blood cell count
using the Sysmex XN hematological analyser. Blood
Transfusion 13: 576.

33. Vogelaar S, Posthuma D, Boomsma D, Kluft C (2002)
Blood sample stability at room temperature for counting
red and white blood cells and platelets. Vasc Pharmacol
39: 123-125.


