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Abstract

HIV is a major problem worldwide affecting thousands of people each year. CD4 T cells and CD8 T cells
counts are important factors for assessment immune system and monitoring and management immune
status of HIV-infected people. The main methodologies available for absolute CD4 T cells and CD8 T cells
analysis are the dual-platform and single-platform. Studies demonstrated grater performance by single-
platform method laboratories on percentage of T-cell subset percentage for accuracy and measurements
for precision However, some dual-platform method laboratories outperformed all single-platform method
laboratories on percentages of T-cell subset in other studies. Therefore, the goal of this study is to identify
whether or not it is necessary to change from dual-platform to single-platform techniques by determine the
variation of relative counts for CD4 T cells and CD8 T cells Data set consists of 85 HIV patients have been
studies. Two methods have been compared to indicate CD4 T cells to CD8 T cells counts, dual-platform
method using hematology analyzer to estimate absolute lymphocyte count and the percentage of CD4 T
cells among lymphocytes obtained from flow cytometry and single-platform method enables absolute CD4
T cell counts to be measured by flow cytometry directly. This study showed statistically significant
differences between the single-platform and dual-platform technology in favor of single-platform. The
percentage of differences in CD4 and CD8 values between methods were 8% and 10% and somehow
similar trend was noticed for each of CD4 single- and dual-platform as well as CD8 single- and dual-
platform when it comes to parallel coordinates comparisons. Our study suggesting a major disadvantage of
dual-platform method might be error in each independent measurement affecting each following step in the
T- cell calculation values. While high precision in single-platform method is due to depending only on
performance of one measurement. However, further investigations and studies are required to compare the
accuracy and precision of both techniques.
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Introduction

Human immunodeficiency virus (HIV) is considered the etiologic agent of acquired immunodeficiency
syndrome (AIDS), a disease that has posed one of the major problem worldwide and greatest medical
challenges affecting health development and reducing life expectancy (Woodham et al., 2016)(Maina et al.,
2020). Aalthough the most of infected people live in developing countries, HIV infection also has caused a
significant medical problems in developed nations (Woodham et al., 2016). Since, the first cases of HIV
were reported in 1981, infection has developed to pandemic proportions, causing more than 79.3 million
and 36.3 deaths (WHO, 2020). According to the World Health Organization (WHO), an estimated 1.5
million people became newly infected with HIV. Of the estimated 37 million people were living with HIV
worldwide, nearly 53% are women and girls in 2020 (WHO, 2020). Thus, precise diagnosis is critical for
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early intervention and halting the spread of HIV infection, and the need for affordable diagnostic and
monitoring tools for the treatment of HIV still a priority goal.

Once a treatment of patients with HIV infection has been started, it is important to monitor patients over
time to assess the efficacy of antiretroviral therapy (ART) (Althoff et al., 2016). This way, signs of disease
development can be identified early and assisting to decisions about further treatment strategy. CD4 T cells
and CD8 T cells counts are essential elements for immune system for monitoring and management immune
status in infected patients with HIV (Milanés-Guisado et al., 2018)(L.i et al., 2009)(Serrano-Villar et al.,
2015).

CDA4 T cells destruction is vital to the immunopathogenesis of HIV infection and a significant decrease in
CDA4 T cells has long been known as the hallmark characteristic of AIDS. Thus, number of CD4 T cells in
the peripheral blood has showed a fundamental role in assessing prognosis and the level of immune
suppression to determine the start of ART in patients infected with HIV (Rice et al., 2019).

In addition to CD4 T cells absolute counts and percentages, CD4 T cells to CD8 T cells ratio might be
reported to evaluate the dynamics between the two T-cell lineages. In patients infected with HIV, mostly
those with AIDS, the significant decrease in the of CD4 T cells count, together with an increase in CD8 T
cells, caused an inverted ratio (Lu et al., 2015).

CD4 T cells counts can vary from day to day and non-pathological differences have been detected in
measurement of these cells , therefore technical variations in methodologies must be decreased to minimize
the amount of possible variables. Variations in normal ranges, and how these may influence a doctor’s
decision about treatment of HIV patients, is a concern. Frequently, patients in severe stages of HIV have
significant decrease in CD4 T cells counts, and a small change may demonstrate significant in the close
monitoring of disease development (Connelly et al., 1995).

Currently, immunophenotyping analysis by flow cytometry is the gold standard for CD4 T cells counts.
The main methodologies available for absolute CD4 T cells and CD8 T cells analysis are the dual-
platform and single-platform (World Health Organization, 2010)(Nasi et al., 2015).

Dual-platform technology involves two separate parameters; hematology analyser to estimate absolute
lymphocyte count and the percentage of CD4 T cells among lymphocytes obtained from flow cytometry.
The single-platform method enables absolute CD4 T cell counts to be measured directly with a single
parameter (flow cytometry) (Hultin et al., 2010)(Bainbridge et al., 2014).

Studies suggest single-platform approach as the favoured technology for absolute counting to minimize
inter-laboratory coefficients of variation. Actually, researchers reported a noticeable progression in CD4 T
cells absolute counts between laboratories, with lesser interlaboratory variations, when comparing single-
platform and dual-platform approaches (Hultin et al., 2010; Sepstrup & Sargent, 2003).

Also, Study has compared dual-platform method to single-platform method laboratories demonstrated
grater performance by single-platform method laboratories on percentage of T-cell subset percentage for
accuracy and measurements for precision (Whitby et al., 2013). However, in dual-platform method results
high degree of interlaboratory variability was observed, and some dual-platform method laboratories
outperformed all single-platform method laboratories on percentages of T-cell subset (Bainbridge et al.,
2014).

Thus, the goal of this study is to identify whether or not it is necessary to change from dual-platform to
single-platform techniques by determine the variation of relative counts for CD4 T cells and CD8 T cells.
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Material and Methods
Specimen Collection and preparation

Whole blood specimens was collected aseptically by venepuncture from 85 HIV patients at western region
of Saudi Arabia, using BD Vacutainer™ blood collection tubes. Anticoagulated blood were stored at room
temperature (20° to 25°C) and stained within less than 12 hours of draw and analysed within 1 hours of
staining. Staining the Cells Lyse red blood cells following staining using diluted (1X) BD FACS lysing
solution. Procedure was performed at room temperature (20° to 25°C). For each patient sample, Trucount
tube was labelled with the sample identification number. Then 20 uL of BD Multitest 6-color TBNK
reagent added into the bottom of the tube. After that, 50 puL of well mixed, anticoagulated whole blood
were added into the bottom of the tube (reverse pipetting technique was used to add accurate volume to
Trucount tubes), then mixed gently using vortex. Following mixing, samples incubated for 15 minutes in
the dark at room temperature (20° to 25°C). Then 450 uL of 1X BD FACS lysing solution was added to the
tube, mixed gently, incubated for 15 minutes in the dark at room temperature (20° to 25°C) and analysed
within 1 hours.

Quality Control

In accordance with the College of American Pathologists (CAP) guidelines, two levels of liquid control
materials (procedural control) were processed like patient samples to monitor the outgoing performance of
the entire analytic process. This was done once each day patient testing was performed.

Analysis

CD45 vs SSC dot plot was visually inspected. Lymphocyte population should appear as a bright, compact
cluster with low SSC. Monocytes and granulocytes also should appear as distinct clusters. Analysis was not
proceeded if populations were diffused and if there was little or no separation between clusters.

Calculating Absolute Counts using Single platform technique: Using BD FACSCanto clinical software,
results were appeared as a percentage of lymphocytes and as absolute count (per microliter of blood).
Calculating Absolute Counts using dual platform technique: The dual-platform counting method multiplies
the flow cytometry-derived lymph subset cell percentage by the absolute lymphocyte count derived from
the hematology analyser to calculate the absolute count of lymphocytes subset (Hematology Analyzer used
was Abbott Alinity hg, Abbott, USA).

Statistical Analysis

As a preliminary step to get insight into the data set, the Shapiro-Wilk test of normality was performed
(Royston, 1995) to the four variables (CD4 Single, CD4 Dual, CD8 Single, CD8 Dual). This normality test
proved that all the four variables. Therefore, Wilcoxon tests (non-parametric version of t-test) was carried
out (Hollander & Wolfe, 1999). All statistical analyses were carried using R Language & Environment for
Statistical Computing R Core Team (2021).

Results
This data set consists of 85 HIV patients, their ages averaged 49.5 years, where ranged from 9 to 69 years

(Figure 1). It is also worth mentioning, if we ignored the 9 years old patient (an outlier) from the data set,
the age will range from 30 to 69. There were 29 females and 56 males in the data set (Figure 2).
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Figure 1: Boxplot of ages, top and bottom of each vertical lines represent the maximum and minimum
ages, the lower and upper bounds of each box represent the first quartile (25" percentile) and third
quartile (75™ percentile) of the ages where the line inside box is the median (2 quartile Q2), the dot
in the very bottom of the figure is an outlier.
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Figure 2: Number of females and males in the data set

Boxplot of CD4 Single, CD4 Dual, CD8 Single, and CD8 Dual is presented in Figure (3), where top and
bottom each vertical lines represent the maximum and minimum values, the top and bottom of each box
represent the first quartile (QI) and third quartile (Q3) where the line inside each box notch is the median
(second quartile Q2), dots around the vertical lines represent the data points. No outliers were noticed for
CD4-dual methodology.
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Figure 3: Boxplot of CD4 Single, CD4 Dual, CD8 Single, and CD8 Dual, top and bottom of each
vertical lines represent the maximum and minimum values, the top and bottom of each box
represent the first quartile (QI) and third quartile (Q3) where the line inside each box notch is the
median (second quartile Q2), dots around the vertical lines represent the data points.

Means, standard deviations, ranges, non-parametric t values, and P values for CD4 and CD8 single- and
dual-platform methodologies are listed in table (1). All moments (e.g., mean, SD and median) were higher
in favor of single methodology. There were statistically significant differences between the single-platform
and dual-platform technology in favor of single-platform. The percentage of differences in CD4 and CD8

values between methods were 8% and 10%.

Table No 1: Descriptive Statistics

Mean SD Median Range t-value P value
CD4 single 741.3 454.6 694 24-2063 3084 <0.0001
CD4 dual 684.6 4125 651 29-1862
CD8 single 1357.6 719.3 1330 169-4038 3246 <0.0001
CD8 dual 1239.7 695.5 1239.7 185-4141
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Figure 4: Individual comparison for CD4- and CD8 single and dual platforms; (a) Individual
comparisons of CD4 single versus dual data (b) Individual comparisons of CD8 single versus
dual data.

The values obtained for single- and dual-platform methodologies on each individual test are shown for CD4
(4a) and (4b) in a form of parallel coordinates comparisons. In general, the highest values for each of CD4
and CD8 single platform exhibited larger discrepancy than the Mean SD and median. In general a somehow
similar trend was noticed for each of CD4 single- and dual-platform as well as CD8 single- and dual-
platform when it comes to parallel coordinates comparisons.

Discussion

HIV is a major problem worldwide affecting thousand of people each year. CD4 T cellsand CD8 T cells
counts are important factors for assessment immune system and monitoring and management immune
status of HIV-infected people. Despite individual differences in CD4 T cells and CD8 T cells counts in this
study were small when comparing the two methods; dual-platform and single platform, there were minor
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but statistically significant differences between the single-platform and dual-platform technology in favor
of single-platform and somehow similar trend was noticed for each of CD4 single- and dual-platform as
well as CD8 single- and dual-platform when it comes to parallel coordinates comparisons. Bainbridge et al
(2014) reported high performance by single platform method laboratories on T-cell subset percentages for
accuracy and measurements for precision (Bainbridge et al., 2014). Similarly Sepstruo and Sargent, showed
that data obtained with single platform method was significantly higher than dual-platform for both CD4 T
cells and CD8 T cells, suggesting importance for clinicians to carefully monitor CD4 T cells and CD8 T
cells counts and notified for any laboratory changes (Sepstrup & Sargent, 2003).

Another study of 18 HIV patients (one female, 17 male) demonstrated a good correlation between single-
platform and dual-platform, however CD4 T cells counts were showed as higher using the dual-platform
technology, suggesting doctors need to be aware of such differences when interpreting results from patients
entering trials where the another method is used (Jeganathan et al., 2008). Also, Higgins et al (2007),
reported good correlation for CD4 T cells and CD8 T cells values, preferring dual-platform over single-
platform until single-platform become more practicable (Higgins et al., 2007). Study performed in
Multicenter AIDS Cohort Study (MACS) laboratories found significant degree of interlaboratory variability
in dual-platform technology results and dual-platform technology laboratory outperformed all single-
platform method on percentages of T-cell subset.

Studies demonstrated that laboratory bias in CD4 T cells values rely on hematology analyzer used to
generate absolute lymphocyte count. In addition, due to different hematology analysers using its own
principle and technology in differentiating leukocytes and measuring absolute counts, there is a variation
in WBC and absolute lymphocyte counts (Sepstrup & Sargent, 2003) . Moreover An important variance
between two methodologies is that hematology analyzers use fixed samples volume, while predefined
number of cell events are analysed by flow cytometry (Sepstrup & Sargent, 2003). Also long time between
blood collection and measurement by dual-platform method laboratory’s hematology analyzers has been
associated with variance between single-platform method and dual-platform method for percentage
measurements not for absolute count, as it has been shown that testing sample more than 6 hours after
blood drawn falsely increase the count of lymphocyte because of degranulation of granulocytes
(Bainbridge et al., 2014)(Calvelli et al., 1993).

In addition, gating strategy in flow cytometry for selecting lymphocyte increase the accuracy of CD4 T
cells final counts. Study demonstrated that clinical laboratories that not using CD45 gating strategy have 2
to 3 times more possibility of giving inaccurate result of CD4 T cells values (Janossy et al., 2002).
Moreover, monoclonal antibodies for selection lymphocytes that are not used by majority of hematology
analysers, they can recognize leukocyte populations more accurate than forward and side scatter method
(Janossy et al., 2002).

Although a general progression in assay precision of single platform methods, the performance of different
laboratories varied considerably. Thus, a number of practical points need to be addressed. Reimann et al
(2000), reported varied in performance of individual laboratories that participate when comparing CD4 T
cells and CD8 T cells count by single versus dual-platform methods, as only 3 of the five participating
laboratories, when assessed individually, demonstrated significant improvement in within-laboratory
precision using single-platform (Reimann et al., 2000). Also, Precise pipetting is an important technique in
single-platform technology than that need for dual- platform method as accurate results depend on precise
1:1 volume ration of blood and fluorosphere suspension, also positive displacement pipettes should always
be used in this method (Reimann et al., 2000). Furthermore, Well mixing of beads that used for absolute
counting must be done each time by technician. Thus, all technicians must perform the same technique
when mixing beads before using them in single-platform methodology (Higgins et al., 2007).
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Conclusion

Our study suggesting a major disadvantage of dual-platform method might be error in each independent
measurement affecting each following step in the T- cell calculation values. While high precision in single-
platform method is due to depending only on performance of one measurement. Clinical laboratories
wishing to change from dual platform to single platform absolute counts should be concerned of a potential
bias between the technologies and take the suitable measures to implement the switching to new
technology. Also, it is essential that doctors closely monitoring T cells absolute count are informed of any
laboratories changes. As any differences in T cells absolute values resulted by different techniques might
cause an argument when used in diagnosis and treatment strategies of patients. However, further
investigations and studies are required to compare the accuracy and precision of both techniques.
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