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Abstract: Routine hematology tests (Hb, Hct, RBC, WBC, PLT) generally done by 
automation methods using a hematology analyzer. Ideally, the examinations should 
be done as soon as possible, although, in some circumstances, it can be delayed. 
Based on the literature, the sample for routine hematology testing should be 
processed within 4 – 8 hours of venesection. Some studies revealed that the sample 
could be stored for up to 48 hours, and it can be influenced by the technology 
applied to the hematology analyzer. Studies conducted to see the stability of the 
samples using a hematology analyzer with impedance technology. Tests performed 
on whole blood samples collected from 12 ostensibly healthy individuals, 
immediately after collection (fresh sample, <1hour) and 2h, 4h, 6h, 8h, 24h, 48h 
afterward. The samples stored at room temperature (20-240C) and 2-60C. There are 
no significant differences after 48 h under different storage conditions for Hb, Hct, 
RBC, PLT count, except for WBC count that has a significant difference at 
temperature 2-60C. CV for Hb, Hct, RBC, PLT, WBC count is less than 5% at room 
temperature. WBC and PLT count have a CV of more than 5% at 2-60 C. Sample for 
Hb, Hct, RBC was found to be stable up to 48 h at room temperature and 2-60C. 
PLT and WBC count were stable for 48 h if stored at room temperature.  
Keyword: hematology analyzer; impedance; temperature 
 
INTRODUCTION 
       Sample stability is one of the pre-analytical factors that have a very important 
role in determining the validity of laboratory test results. Ideally, routine hematology 
tests (Hb, Hct, RBC, WBC, PLT) should be done as soon as possible. In some 
circumstances, blood samples for routine hematology tests may be delayed because 
of the sample transportation to the referral laboratory. This causes the sample day's 
delay before analysis that could change and confound the interpretation of the 
results (Pintér et al., 2016). Laboratory technicians must understand sample stability 
to decide whether to accept or reject samples to get reliable results (Schapkaitz & 
Pillay, 2015). 
        Based on the literature, the sample for routine hematology testing should be 
processed within 4 – 8 hours of venipuncture. Recent studies have revealed that the 
stability of samples for routine hematology tests using a hematology analyzer has 
more extended stability for more than 8 hours  (Tendulkar et al., 2015), and it can be 
influenced by the technology that applied to the hematology analyzer (Zini, 2014) 
(Jain Ashish et al., 2018). Sample storage in the refrigerator also can extend the 
stability of the blood cell count (Wood et al., 1999).  
 Most of the stability sample studies were used a hematology analyzer with 
flow cytometry technology, whereas the study with impedance technology is still 
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limited. Stability studies conducted to determine the ability of the hematology 
analyzer to provide consistent results within the period and under certain conditions 
with a specific type of hematology analyzer.  
 This test can be performed to evaluate a hematology analyzer (Briggs et al., 
2014). The purpose of this study is to determine the stability between fresh samples 
(< 1 h) and stored samples (2h, 4h, 6h, 8h, 24h, 48h) at room temperature (20-240C) 
and 2 – 60C using a hematology analyzer with impedance technology. 
 
MATERIALS AND METHOD 
       Blood samples for routine hematology tests (Hb, Hct, WBC, RBC, PLT) 
collected from 12 adults and ostensibly healthy volunteers recruited from the Health 
Polytechnic of Jakarta III staff. The Ethics Committee approved the study protocol of 
Health Polytechnic of Jakarta III with certificate number: KEPK-PKKJ3/200/V/2018. 
All volunteers provided written informed consent before the procedure.  
       Twelve samples were collected in K3EDTA tubes and measured on a 
Medonic M-series (Medonic, 2016), within one h (fresh sample) and 2h, 4h, 6h, 8h, 
24h, 48h (stored samples) at room temperature (20-24OC) and refrigerator (2-6OC). 
Samples stored in the refrigerator were allowed to equilibrate at room temperature 
before measurement. Stability samples determined by comparing the results with 
statistical analysis (ANOVA test and coefficient of variation) at 2,4,6,8,24,48h 
samples to 0 h (less than 1h/fresh) samples.  
 The Medonic M-series used impedance technology for counting blood cells 
and spectrophotometry for Hb concentration measuring. The impedance technology 
measures changes in the electrical impedance produced by a cell passing through 
an aperture (Medonic, 2016).  
       ANOVA-test evaluated the difference between samples at various time points 
for normal distribution data, and abnormal distribution data used the Kruskal-Wallis 
test after verification of normal distribution by the Shapiro-Wilk test. Statistical 
significance was set for p-values < 0,05. The coefficient of variation (CV) between 
the fresh and stored samples was compared based on the CV values on the 
hematology analyzer.  
 
RESULTS AND DISCUSSION 
       The mean values of test results (Hb, Hct WBC, RBC, PLT) on a fresh sample 
and stored samples at room temperature shown in the range of normal values 
(Table 1). In stored samples at 2-60C showed the mean values were in the range of 
normal values, except for WBC count at 48 hours of storage (Table 2). 
       Statistical analysis with ANOVA test conducted on the parameters with 
normal distribution data, which were Hb, Hct, RBC, and PLT. The difference test for 
WBC count used the Kruskal-Wallis test because the data distribution was 
abnormal. The statistical difference test results showed no significant difference (α > 
0.05) for Hb, Hct, RBC, WBC, and PLT after 48h of storage at room temperature.  
 The statistical difference test for samples stored at 2-60C showed there were 
no significant differences (α > 0.05), except for WBC count at 2-60 C (Table 3). 
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Table 1. The Mean Values ± Standard Deviation (SD) of Routine Hematology 
Parameters in The Samples at Room Temperature (20-240C) 

 

     Stored 
  
 Parameter 

Immediately 
(<1 h) 

2 h 4 h 6 h 8 h 24 h 48 h 

Hb (g / 
dL) 

13.2 ± 1.5 
13.4 ± 

1.6 
13.4 ± 

1.5 
13.4 ± 

1.5 
13.3 ± 

1.6 
13.3 ± 

1.6 
13.3 ± 

1.6 

Hct (%) 37 ± 4.8 37 ± 4.9 37 ± 4.8 
37 ± 
4.8 

37 ± 5.2 39 ± 4.8 
41 ± 
4.8 

RBC 
count (x 
106 cells / 
mL) 

4.68 ± 0.8 
4.70 ± 

0.8 
4.71 ± 

0.8 
4.70 ± 

0.8 
4.68 ± 

0.8 
4.66 ± 

0.8 
4.68 ± 

0.8 

WBC 
count (x 
103 cells / 
mL) 

6.6 ± 1.9 6.8 ± 1.8 
6.8 ± 
1.9 

6.8 ± 
1.8 

6.7 ± 
1.9 

6.5 ± 
1.9 

6.4 ± 
1.7 

PLT 
count (x 
103 cells / 
mL) 

275 ± 59.8 
283 ± 
58.9 

279 ± 
60.5 

277 ± 
63.2 

276 ± 
61.1 

272 ± 
62.2 

270 ± 
55.8 

 

 
Table 2. The Mean Values ± Standard Deviation (SD) of Routine Hematology 

Parameters in The Samples at 2-60 C. 
 

     Stored 
 
Parameter 

Immediately 
(<1 hour) 

2 hours 4 hours 6 hours 8 hours 
24 

hours 
48 

hours 

Hb (g / dL) 13.2 ± 1.5 
13.4 ± 

1.6 
13.4 ± 

1.6 
13.3 ± 

1.6 
13.2 ± 

1.5 
13.2 ± 

1.6 
13.3 ± 

1.6 

Hct (%) 37 ± 4.8 
37 ± 
4.8 

37 ± 5 
37 ± 
4.9 

37 ± 
4.9 

37 ± 
4.8 

38 ± 
4.8 

RBC 
count (x 
106 cells / 
mL) 

4.68 ± 0.8 
4.72 ± 

0.9 
4.69 ± 

0.9 
4.68 ± 

0.8 
4.64 ± 

0.8 
4.63 ± 

0.9 
4.66 ± 

0.8 

WBC 
count (x 
103 cells / 
mL) 

6.6 ± 1.9 
6.8 ± 
1.8 

6.8 ± 
1.8 

6.4 ± 2 
6.6 ± 
1.8 

6.4 ± 
1.6 

3.4 ± 
1.2 

PLT count 
(x 103 cells 
/ mL) 

275 ± 59.8 
284 ± 
62.8 

281 ± 
57.1 

278 ± 
54.4 

281 ± 
57.3 

270 ± 
55.8 

244 ± 
56.1 
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Table 3. Statistical Difference Test and %CV of Routine Hematology Parameters 
 

Parameter 

Significant Difference Test 
The Coefficient of Variation/ 

CV (%) 

P values at 
Room 

Temperature 

P values 
at 2 - 6OC 

Room 
Temperature 

2 - 6OC 

*Hb (g / dL) 1,000 1.000 1.02 1.10 

*Hct (%) , 301 .999 4.36 2.16 
*RBC count (x 
106 cells / µL) 

1,000 1,000 .99 1.2 

*PLT count (x 
103 cells / µL) 

.999 , 675 3.51 6.23 

**WBC count (x 
103 cells / µL) 

, 896 , 000 3.21 19.95 

*Anova and **Kruskal Wallis test used for between-group differences. There were no 
significant difference if p values > 0.05. 
       

 The morphology of blood cells can change during storage and will affect the 
results of the examination (Antwi et al., 2013) (Choudhary et al., 2018). Several 
studies in the flow cytometry hematology analyzer show that blood samples can 
stable up to 48 hours. Another study with flow cytometry technology, also obtained 
similar results, except for Hct value that only stable up to 8 hours (Daves et al., 
2015) (Buoro et al., 2016). Different study analyzer with flow cytometry reveals that 
Hct was stable at room temperature until 48 hours and 168 hours when stored at 4-
80 C (Schapkaitz & Pillay, 2015). Those studies show that each of the hematology 
analyzers has its characteristics to the stability of the samples. In this study, we use 
impedance technology because we still have limited knowledge of sample stability 
on its technology. One of the studies with impedance technology showed that most 
of the parameters (WBC, RBC, HB, Hct, MCV, MCH, PLT) stable for at least 24 
hours at 40 C, while there is an unacceptable bias of Hct and MCV after 12 hours at 
220 C (Ashish et al., 2017).  
       The coefficient of variation (CV) for each parameter in this study, showed 
quite a wide variation, especially for sample WBC count stored at 2-60 C (Table 3). 
The smallest variation was the RBC count parameter from the sample stored at 
room temperature. WBC count is known to have the highest CV (19.95%) on 48 h 
stored samples at 2-6OC temperatures. The higher CV values mean the result 
imprecision. Ideally, the value of the CV in hematology parameters should be less 
than 5%, and more precise in the hematology analyzer, as these instruments have a 
high level of precision (WHO et al., 2011) (WHO, n.d.). Interpretation of CV value 
and the different statistical analyses in WBC count at 2-60C have the same meaning 
that showed the sample have a bad precision on 48 hours storage. This can cause 
the morphological changes in leukocytes at a storage temperature of 2-80C that 
began to happen in the storage period of 48 hours (Rahmnitarini et al., 2019).  
 The cells are swelling, which can cause misinterpretation in counting 
leukocytes, especially in impedance technology. Impedance technology in the 
hematology analyzer measures cell volume for all cell types (Chhabra, 2018). This 
study also showed that the WBC count using stored samples in 2 -6OC has a big 
difference that can make a different interpretation of the results based on the normal 
value. 
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       On the contrary, the PLT count has different interpretations between the two 
analyses. There is no significant difference in PLT count (Table 3), but the sample 
stored 48 hours at room temperature showed poor precision because of the CV 
values more than 5%.  Prior studies on platelet counts have proved that sample 
storage affects the platelet volume and causes clumping in EDTA blood, which in 
turn is responsible for the low platelet values, and make a variation between different 
storage sample (Tendulkar et al., 2015) (Fang et al., 2015). This study also shows 
that a sample stored at 2-6OC has a larger CV value than the sample stored at room 
temperature. 
       In the Hb parameter, the sample stored at room temperature or 2-6OC still 
provides excellent results for up to 48 hours of storage and an erythrocyte count. Our 
results correlated with (Mahadeo et al., 2014) and (Tendulkar et al., 2015). Although 
in some studies, Hb and erythrocyte count, less stable at 40C, which may be affected 
by initial freezing followed by refrigeration (Wu et al., 2017). The result with high 
variation can give a different interpretation. For example, the fresh sample has a 
result on normal range values, but after stored in a few hours, the results can be 
outside the normal value. This showed that change in each result of the hematology 
routine was linear with time and temperature, as delay in testing can lead to changes 
in blood components (Mahadeo et al., 2014). The difference results among other 
studies may be due to different experimental conditions and analyzer types 
(Hussain, 2019).  
 The limitations of this study, the sample is measured within 48 hours as the 
maximum storage time, so the maximum stability of the sample after 48 hours for the 
Hb, Hct, and RBC parameters is not yet known. 
 
CONCLUSION 
       The stored samples for the parameter of Hb, Hct, and RBC have excellent 
stability and precision until 48 h, stored at room temperature (22 ± 2OC) and 2-6OC, 
while PLT and WBC count has a poor precision for 48 h samples stored at 2-6OC. 
Therefore, it recommended keeping the sample for routine hematology test using 
Medonic M-series, at room temperature (22 ± 2OC), with confirmation examination 
not more than 24 hours, except for WBC count, that should analyze within 2 hours. 
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