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A B S T R A C T   

Background: T-lymphocyte subsets CD4 and CD8 play important role in host immune responses. 
However, little attention has been given to the impact of time lapse and the various anticoagulant 
blood collection tubes on the expression frequency and activation status of CD4+ and CD8+ T 
cells. To this end, we explore the impact of time (t<1 h and t=4 h) and collection tubes (EDTA and 
heparin) on the expression frequency and activation status of CD4+ and CD8+ T cells among 
healthy Ghanaian individuals. 
Methods: A cohort of healthy individuals (n=9) is recruited, and blood samples obtained in Ghana 
for the frequency of CD4+and CD8+ T cells at various time points (<1 h and 4 h). The proportions 
of activation of these immune markers were profiled using immunophenotyping. 
Results: Significant statistical differences in the activation frequency of CD69 expressing CD4+T 
cells (t < 1 h and t=4 h; p=0.02) and CD69 expressing CD8+ T cells from EDTA tubes at times (t <
1 h and t=4 h; p=0.05) was observed. No significant difference were observed with CD69 
expressing cells in Heparin tubes. Notably, CD8+ T cell activation frequency was observed to be 
consistently higher than that of CD4+ T cell at the various study time points and in the collection 
tubes used. No marked alterations were observed witth the proportion of CD4+ and CD8+ T cells 
in the samples collected at the time points; <1 h and at 4 h. 
Conclusion: The study shows that activation of CD4+ and CD8+ T cells in EDTA tubes differed 
significantly between both time points (t <1 h and t=4 h) but not in the heparin collection tubes. 
Therefore, it is important to take into account the elapsed time and the type of blood collection 
tubes when performing phenotypic characterization of activated immune markers.   

Introduction 

CD4+ and CD8+ T cells play key roles in adaptive immunity. CD4+/CD8+ ratio can serve as a marker for immune dysfunction, viral 
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reservoir size, aging, and inflammation [1]. CD4+ T cells assist B cells in effective antibody production, enhancing macrophage activity 
as well as aid in the production of cytokines and chemokines by recruiting effector mediators to the infection site. CD8+ T cells, on the 
other hand, are vital in eliciting accurate cytotoxic function and restraining intracellular infections. 

The majority of these immune cells are transported through the bloodstream to effector sites. As a result, peripheral immune 
response analyses are crucial in examining disease response patterns, understanding treatment interventions and outcomes. Such 
analyses play a significant role in investigating disease pathogenesis, prognosis, diagnostics, and validating the clinical relevance of 
newly discovered biomarkers [2]. However, uncompromised blood samples are necessary for these analyses to isolate viable and 
functionally competent immune cells for further experimental analysis [3]. 

A quality cellular separation process must not only yield no contamination from red blood cells but also possess maximal functional 
capacity [4]. Factors such as age, ethnicity, smoking, alcohol intake and interval between blood draws have shown no statistical 
significance on T cell subsets expression pattern [5]. Previous studies have reported that the choice of collection tube, cell processing 
and preservation methods as well as instrumental variations and human subjectivity can influence immunophenotypic character-
ization of these immune cells [6–8]. The choice of blood collection system depends on the biomolecule(s) of interest and duration of 
storage [9,10]. The blood collecting tubes often include additives that mix with the blood when collected. These tubes have 
color-coded plastic caps and indicate which additives each tube contains. The tubes may contain additional substances that preserve 
the blood for processing in the medical laboratory. Using the wrong tube may therefore make the blood sample unusable. These 
substances are typically a thin film coating that is applied using an ultrasonic nozzle. The substances may include anticoagulants 
(EDTA, sodium citrate, sodium heparin) or a gel with intermediate density between blood cells and serum. Although there are 
numerous blood collection tubes used in biomedical laboratories, the ethylenediaminetetraacetic acid (EDTA) and heparin systems are 
the most commonly used. While EDTA is the preferred anticoagulant for hematological analysis, heparin is the most suitable choice, 
particularly over EDTA, for immunological studies due to its lower interference with most assays [11]. EDTA chelates calcium ions [9] 
and heparin deactivates thrombin blood clotting factor and factor Xa. [12]. Previous study by Bull et al. found no significant changes in 
cell viability, cell recovery and function of samples stored in EDTA, heparin and citrate [13]. 

While the choice of blood collection systems can impact immune markers of interest, it seems likely that lapsed time between 
sample collection and processing also affect the quality of immune cell activation and their expression frequency. For reliable 
immunophenotyping, the lapse time that is, the time between blood sample collection and immunoassay should be kept as short as 
possible as there is the potential for losses in the absolute cell numbers [11]. In resource-limited settings, most situations require that 
blood samples are transported from rural communities over long distances, using poor road networks to health/research centers prior 
to cell separation processes. Unlike at well-developed health facilities where analysis is performed within an hour (h) of collection, 
from our field studies, it takes a maximum of 4 h to transport and analysis the samples that are collected from these remote locations. 
Therefore, the effect of time lapse and type of collection system on the quality of immune activation remains to be studied. 

To this end, we investigated the expression frequency and activation status of CD4+ and CD8+ T cells in EDTA and heparin 
collection tubes at different study time points (t< 1 h and t = 4 h after sample collection). 

Methods 

Study population and ethics 

This was a cross-sectional study. A total of nine (n=9) individuals from KNUST campus were recruited. Participants included 
healthy males and females (18–34 years). Participants suffering from chronic or infectious diseases were excluded from the study. 
Ethical approval was obtained from the Committee on Human Research Publication and Ethics of the School of Medicine and Dentistry 
of the Kwame Nkrumah University of Science and Technology (KNUST), Kumasi, Ghana (CHRPE/AC/13417). Written informed 
consents were obtained from all study participants. 

Blood sample collection 

A quantitative volume of 10 mL of whole blood was collected from each study participant, 5 mL each was dispensed into EDTA and 
heparin tubes (BD Biosciences, USA). 

Whole blood staining 

To determine the expression pattern and activation status of T lymphocytes, whole blood staining was performed. A total of 200 µL 
of whole blood was pipetted from properly mixed blood in EDTA and heparin tubes into labelled wells in 96-well ELISA plates. The 
plates were centrifuged for 5 min at 1500 rpm at 4 ºC. After centrifugation, 180 µL of supernatant was removed from each well and 
discarded. A total of 5 µL of antibody cocktail (CD3-APC, CD4-Alexa488, CD8-PerCP-Cy5.5, and CD69-PE) was added to each of the 
wells. All reagents were obtained from eBioscience (Frankfurt, Germany) and ImmunoTools (Friesoythe, Germany). Plates were 
incubated for 30 min at 4 ºC in the dark, after which 100 µL of Red Blood Cell Lysing Solution (BD Biosciences, USA) was added to each 
well, mixed properly and incubated for 10 min at room temperature. The plates were thereafter centrifuged for 5 min at 1500 rpm after 
which 100 µL of the supernatant was removed and washing step repeated once. A fixing solution 100 µL was added to each well, 
incubated for 15 min at room temperature, after which the samples were centrifuged for 5 min at 1700 rpm. The plates were later 
flipped and blotted dry to remove supernatants. After further washing, cells were re-suspended in fixation and permeabilization buffer 
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Fig. 1. CD4+ and CD8+ T-cells were gated on lymphocyte population single cells and analyzed for the% of cells expressing immune markers on the gated population. The figure shown here is a 
representative experiment of all the other analyses (A) Lymphocytes (B) Single cells (C) CD4 and CD8 T cells gates. 
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(eBioscience, USA). 

Gating and flow cytometry measurements 

The samples were measured with the Accuri C6 Flow Cytometer (Accuri Cytometers Inc, Ann Arbor, USA). Using the Accuri C6 
software (BD Biosciences, USA), whole blood samples were acquired on medium fluidics flow rate at a threshold of 500,000 on the 
Forward-Side Scatter (FSC–H). ICS data were also acquired on medium/fast flow rate at a threshold of 500,000 on the Forward-Side 
Scatter (FSC–H). To correct spectral overlap, fluorescence compensation was performed using UltraComp ebeads (eBioscience, USA). 
FCS data was analyzed using the BD FASCDiva software. The figure below illustrates the gating strategy used in the FCS data analysis. 

Fig. 1. 

Statistical analysis 

Statistical analyses were performed using the software SPSS (IBM SPSS Statistics 22; Armonk, NY) and the PRISM 5 software 
(GraphPad Software, Inc., La Jolla, USA). Both Kolmogorov Smirnov and Shapiro-Wilk normality tests were applied to the datasets. 
Thereafter, paired/unpaired t-test or Mann-Whitney–U test were performed to compare two groups depending on whether the datasets 
were normally distributed or not. P-values of 0.05 or less were considered significant. 

Results 

Study demographics 

Out of the 9 study participants, 5 (55.5%) were males, and 4 (44.4%) were females. The ages of the study participants ranged from 
18 to 34 years (Table 1). 

Proportion of CD4+ and CD8 + t cells in EDTA tube at time < 1 h and t=4 h 

Given that the ratio of CD4/CD8 in humans is an important immunological indicator of the immune status of a host, we investigated 
if the proportion of CD4+ and CD8+ T cells in samples stored in EDTA tubes was markedly altered at time < 1 h and t=4 h. We observed 
no significant difference between CD4+T cell collected in EDTA tubes at t < 1 h and t=4 h; p=0.12 (Table 2). Similarly, we observed no 
difference in CD8+ expressing T cell comparing t < 1 h and t=4 h; p=0.75) (Table 2). 

Proportion of CD4+T cells and CD8+T cells in heparin tubes at time (t < 1 h) and time = 4 h 

Having observed that EDTA tubes and time interval of 4 h had no effect on the proportion of CD4+ and CD8+ T cells expressed 
among the participants, we next investigated whether heparin collection tubes and the study time points (t < 1 h and t=4 h) had any 
effect on expression frequency of CD4+ and CD8+ T cells. We observed that the percentage expression of CD4+T cells was not sig-
nificant in heparin tubes at time t < 1 h and t=4 h; p=0.18) (Table 2). The frequency of CD8+T cells mirrored that of the CD4 +T cells (t 
< 1 h and t=4 h; p=0.66) (Table 2). 

Activation status of CD4+T cells and CD8+T cells in edta tube at time < 1 h and t=4 h 

To determine the effect of EDTA collection tubes on the activation frequencies of CD4+T and CD8+T cells at the two study time 
points, whole blood cells was stained using anti-human CD69 marker, an early activation marker of T cells and quantified with flow 
cytometry. We observed statistically significant differences in the activation frequency of CD69 expressing CD4+T cells (t < 1 h and t=4 
h; p=0.02) and CD69 expressing CD8+ T cells from EDTA tubes at times (t < 1 h and t=4 h; p=0.05) (Table 3). 

Activation status of CD4+T and CD8+T cells in heparin tubes at time < 1 h and time = 4 h 

To determine the activation of CD4+ T and CD8+ T cells in heparin-tubes, the expressing frequency of CD69 an early activation 
marker of T cells was assessed in whole blood staining at t < 1 h and t=4 h. The levels of CD69 expressing CD4+T cells (t<1 h and t=4h; 
p=0.86) and CD69 expressing CD8+T cells were not significantly altered at (t<1 h and t=4h; p=0.12) (Table 3). 

Table 1 
Age grouping of study participants.  

Age groups (years) Frequency Percentage (%) 

18–23 7 77.7 
24–29 1 11.1 
30- and above 1 11.1  
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Discussion 

The activation of T cells is a highly intricate and complex process that entails biochemical mechanisms leading to cell differen-
tiation and proliferation [14]. While anticoagulants have been found to have a minor effect on T cell recovery, viability, and function 
[15], the physical and phenotypic properties of T cells from different anticoagulants have a minimal impact on the expression of T cell 
subsets [16]. However, the time elapsed between sample collection and processing is believed to have an impact on the quality of 
immune cell activation and their frequency of expression but not widely explored especially in developing countries. 

In this study, we evaluated CD4+ and CD8+ T cell activation status by measuring the expression of CD69, an early activation 
marker and a crucial co-stimulatory and signal-transmitting molecule for subsequent T-lymphocyte activation, proliferation, and gene 
induction [17,18]. Our results demonstrated statistically significant differences in CD4+ and CD8+ T cell activation levels in EDTA 
tubes at t < 1 h and t=4 h, but not in the heparin collection system. This difference may be attributed to the ability of EDTA to chelate 
Ca2+, which is essential for T cell activation, while heparin does not affect the levels of most ions in blood [19]. The study also found 
that the frequency of CD8+ T cell activation was consistently higher than that of CD4+ T cells at all time points and across all collection 
tubes containing different anticoagulants. Notably, the increase in CD8+ T cell activation was more pronounced in heparin tubes 
compared to EDTA tubes. These results are consistent with previous studies, which have shown that heparinized blood maintains more 
stable levels of bioactive TGF-β and better preserves IFN-γ secretion and cell viability over time compared to other collection tubes 
[15]. 

Studies have shown that CD8+ T cells express higher levels of TLR2 compared to CD4+ T cells when both are stimulated by TLR2 
ligands and TCR agonists [19,20]. Furthermore, of the commonly used anticoagulants, heparin has been found to be more effective in 
maintaining the stability of immune markers compared to EDTA, as demonstrated in research by Coló Brunialti and colleagues. Their 
findings indicate that T cell activation was more efficiently achieved using heparinized blood than EDTA-treated blood [21]. A study 
examining the impact of different collection tubes (EDTA, heparin, citrate, and hirudin) on monocyte, neutrophil, and platelet function 
in whole blood found that the EDTA tube showed the least consistency and was the most unstable among the tubes tested [22]. This 
finding was supported by another study, which observed greater instability of physical and phenotypic parameters in samples collected 
in EDTA tubes compared to other collection tubes [23]. Here, we propose that the time intervals preceding sample processing play a 
critical role and must be considered when planning and executing immunology-based studies, particularly in developing countries, 
where access to well-equipped facilities for processing immune cells may not be readily available. 

Further studies with larger sample sizes and appropriate fluorescence minus one (FMO) controls are necessary to address the major 
limitation of this study, which is the variability of data across time points and overlapping collection conditions. This is crucial, 
particularly in situations where batch effects are possible, or when sample processing may be delayed due to long distances between 
sample collection points and cell separation laboratories. 

Conclusion 

Based on the results of the study, it was observed that there was a significant difference in the activation of CD4+ and CD8+ T cells 
between EDTA and heparin tubes at different time points, with EDTA tubes showing instability over time. These findings suggest that 

Table 2 
T cells expression at t<1h and t=4 h collected with EDTA and Heparin tubes.  

Parameters Time <1h Time = 4h P-value⁂ 

Expression of CD4+ T cells at different time points in EDTA and Heparin tubes    
%CD4+T cells [EDTA] 37.29± 1.90 42.71 ± 2.75 0.12 
%CD4+ T Cells [Heparin] 37.63 ± 1.63 40.83 ± 1.63 0.18 
Expression of CD8+ T cells at different time points in EDTA and Heparin tubes    
%CD8+ T cells [EDTA] 25.83 ± 1.52 26.64 ± 2.06 0.75 
%CD8+ T Cells [Heparin] 26.42 ± 1.31 25.58 ± 1.38 0.66  

⁂ All tests for statistical significance were performed using student t-test after the datasets passed Shapiro Wilk test for normality. P values ≤ 0.05 
were considered significant. 

Table 3 
T Cells activation at t<1h and t=4h collected with EDTA and Heparin tubes.  

Parameters Time <1h Time = 4h P-value 

Activated CD4+ T cells in EDTA and Heparin tubes    
%CD4+CD69+ T cells in EDTA tubes 0.38 ± 0.07 0.70 ± 0.10 0.02‡

%CD4+CD69+ T cells in Heparin tubes 0.60 ± 0.04 0.62 ± 0.11 0.86⁂ 

Activated CD8+ T cells in EDTA and Heparin tubes    
%CD8+CD69+ T cells in EDTA tubes 0.58 ± 0.07 0.91 ± 0.14 0.05⁂ 

%CD8+CD69+ T cells in Heparin tubes 1.00 ± 0.30 0.73 ± 0.40 0.12⁂ 

Statistical significance was based on either student t-test or Mann-Whitney U test after performing normality test using Shapiro Wilk test. P values ≤
0.05 were considered significant. (NB ⁂ parametric test; ‡ non-parametric test). 
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heparin is a more stable anticoagulant for immunological analysis. However, further investigations are required to assess the effect of 
prolonged time lapse on sample processing and immune markers. Taken together, the study provides valuable insights into the ideal 
blood collection tubes for sample processing, considering the impact on downstream functional immunological analysis. 
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