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ENUMERATION OF CD4+ T LYMPHOCYTES (“CD4 CoOuNTING”) IN HIV/AIDS

The recent introduction of inexpensive and generic anti-retroviral therapy (ART) has been an
important step in the fight against HIV/AIDS in resource-limited settings. At the end of 2003
only 400 000 people living in countries most affected by the HIV epidemic benefited from
ART. WHO's goal is to scale up and have 3 million people on ART by the end of 2005, with a
focus on countries most affected by the HIV epidemic, and with limited resources. An
international concerted effort to scale up HIV treatment and care, is urgently required. For
this scaling up to be successful inexpensive treatment must be considered in parallel with
affordable laboratory monitoring. The enumeration of CD4+ T-lymphocytes in peripheral
blood is an essential tool for the laboratory monitoring of HIV-infected patients.

CD4+ T-lymphocytes, also known as the helper T-cells, are the coordinators of the immune
response — the body defence reaction against microorganisms and some forms of cancer.
These cells constitute the primary targets of HIV. The consequent destruction of CD4+ T-
cells is the main cause of the progressive weakening of the immune system in HIV infection,
and leads ultimately to the acquired immune deficiency syndrome , AIDS.

The CD4+ T-cell count is a critical parameter in monitoring HIV disease

Lower numbers of circulating CD4+ T-cells imply a more advanced stage of HIV disease and
less competent defence mechanisms. In HIV infected patients, the CD4+ T-cells count in
peripheral blood is used for:

- Assessing the degree of immune deterioration and speed of progression towards
AIDS;

- Defining, together with clinical information, decision points to initiate ART;

- Deciding the timing for prophylaxis of opportunistic infections; and

- Monitor the efficacy of treatment.

In adults the absolute numbers of CD4+ T cells are measured, while in infants and young
children the relative number of these cells (percentage among total lymphocytes) is more
informative.

Various techniques can be used to count CD4+ T-cells

Currently available CD4+ T cell counting techniques can be classified into automated and
manual methods. The former comprise flow cytometry and the dedicated cytometers. The
latter include a number of manual assays that require the use of a microscope or ELISA
equipment. New manual technologies based on micro-arrays and dipsticks are being
developed and probably will become available in a few years time. One of the challenges for
these alternative techniques is to accurately discriminate between the CD4+ T-lymphocyte
cells and the monocytes , which also carry the CD4 molecules. Failure to differentiate these
two cell types would cause over-estimation of the total CD4 count and hence may jeopardise
access to treatment for those who may need it.

Automated methods

Flow cytometry

Flow cytometry is the gold standard technology for CD4+ T-cell counting because of its
accuracy, precision and reproducibility. Instruments commercially available from the various
manufacturers are significantly expensive (US$ 20-95 000). However, this technology is
capable of high sample throughput and great versatility in its applications — CD4 counting is



just one of its numerous uses in the biomedical field. Flow cytometry based CD4 counting is
relatively complex, and therefore technically demanding and costly. However, new
developments in specimen processing have rendered flow cytometric assays more attractive
for use in resource-limited settings. Still, cost-effective running of this technology requires
regular maintenance. Additionally, it is essential that operators of flow cytometers are
sufficiently trained in technical and biological aspects of CD4 counting. While the cost of
currently marketed instruments remains an impediment for a more widespread use of this
technology, the introduction of simpler and portable instruments may change this situation in
the near future.

Flow cytometry offers several technical options to obtain absolute CD4+ T-cell counts (Table
1). Indouble-platform assays the flow cytometer is used to deliver the percentage of CD4 +
T-cells, which is then combined with parameters from a haematological analyser to obtain
the absolute CD4 count. In single-platform assays the flow cytometer is used on its own to
provide the percentage of CD4+ T-cells and/or absolute CD4+ T-cell counts. Two technical
alternatives are presently available for single-platform approaches: the use of volumetric
instruments and the use of microbeads.

Flow cytometric CD4 counting assays vary in complexity being constituted by one to six
tubes, each containing one to four reagents (monoclonal antibodies). The choice of the
appropriate assay should be dictated by various factors including the age of patients, the
parameters requested by the clinicians, the time elapsed between sample collection and
arrival in the laboratory, and if a single- or double-platform approach is being used.

Dedicated cytometers

Dedicated cytometers are systems that are designed to exclusively perform absolute CD4
and CD8 T-cell measurements without the need for a haematology analyser (Table 2). These
instruments are of simpler operation and cheaper when compared to traditional bench-top
flow cytometers. However, they don't offer flexibility in assay and reagent choice, can have
high running costs and have medium sample throughput capacity. The FACSCount (Becton
Dickinson Immunocytometry Systems, USA), a system based on flow cytometric principles,
is, at present the only dedicated cytometer that has been validated, and widely used. Other
dedicated instruments, based on flow- and non-flow principles, have recently become
available while others may soon be commercialised.

Manual methods

Currently available manual assays rely on microscopes (optical or fluorescence).
Additionally, they require the use of other small equipment such as centrifuges and magnets.
These tests are designed to operate with low sample throughput in resource-limited
laboratories but their running costs are not always lower when compared to the automated
methods. Performance details of two tests that are presently available in the market are
shown in Table 2. These are the Cyto-Spheres (Coulter Corporation, USA) and the
Dynabeads (Dynal AS, Norway). Other alternative methods such as Capcellia (Bio-Rad,
USA), OPTI-CIM (CIMA, Cuba), TRAXELISA (Innogenetics, Belgium), Zymmune (Zynaxis
Inc., USA) and the immunoalkaline phosphatase assay are no longer available in the market
and/or are considered to be obsolete.



Summary

In summary, the various technologies currently available for enumerating CD4+ T-cells are
based on distinct principles and have different operational characteristics. The selection of
the appropriate technology for a given laboratory should be guided by factors such as the
purpose of the assay (routine vs. research), age group of the patients (pediatrics require CD4
percentage), sample turnover and available resources (financial, human and infrastructure).



Table 1. Flow cytometric approaches for CD4+ T-cell enumeration

Parameter

Double-platform®

Single-platform

Volumetric® Bead-based®
Instruments manufacturers Partec GmbH Partec GmbH Becton Dickinson
(Munstet, Germany)d (Munstet, Germany)d (CA, USA)
Becton Dickinson Guava Technologies Coulter Corporation
(CA, USA) (CA,USA) (FL, USA)
Coulter Corporation
(FL, USA)
Cost of instrument (US$) 20-95 000 20-70 000 20-95 000
Cost of reagents/test (US$) 3-11 2-10 8-25
Specimen Whole blood Whole blood Whole blood
Results Absolute CD4 count Absolute CD4 count Absolute CD4 count

Absolute CD8 count

CD4% and CD8% among lymphocytes
CD4/CDS8 ratio

B and NK cells are possible

Absolute CD8 count

CD4% and CD8% among lymphocytes
CD4/CD8 ratio

B and NK cells are possible

Aboslute CD8 count

CD4% and CD8% among lymphocytes
CD4/CDS8 ratio

B and NK cells are possible

Throughput (samples/day)

Up to 200

Up to 50

Up to 200

Advantages

Accurate pipetting less crucial

No need for extra beads or haematology

No need for haematology analyser

One tube assay possible without QC analyser Protocols for aged samples available
problems Protocols for aged samples available EQA available
EQA available EQA available

Disadvantages

Requires the use of a haematology
analyser

More prone to clerical errors

Fresh samples needed in order to obtain
absolute counts

Requires accurate pipetting technique
Internal QC for pipetting requires two
tubes assay

Instruments not yet proven in an
independent multi centre study

Requires accurate pipetting technique Internal
QC for pipetting requires two tubes assay
Beads are expensive and require careful
handling

B and NK cells — subsets of lymphocytes; QC — quality control; EQA — external quality assessment

2 Any flow cytometer from any of the three manufacturers can operate with this method to provide absolute counts. The results of flow cytometry are combined with those from

haematology to calculate absolute counts.

b Volumetric instruments have the inherent hardware property of measuring the volume of the sample, providing direct absolute counts without the use of haematology analysers or beads.

¢ Any flow cytometer from any of the three manufacturers can operate with this method to provide absolute counts.

d Instruments from this manufacturer, including the CyFlow, remain to be validated as volumetric absolute CD4 T-cell counters by independent investigators in multicentric studies.



Table 2. Dedicated and manual assays for CD4+ T-cell enumeration

DEDICATED TECHNOLOGY MANUAL ASSAYS

FACSCount CyFlow Counter Cyto-Spheres Dynabeads

Manufacturer Becton Dickinson Partec GmbH Coulter Corporation Dynal AS
(CA, USA) (Munster, Germany) (FL, USA) (Oslo, Norway)
Instrumentation Dedicated CD4 counter Dedicated CD4 counter Haemocytometer Magnet
Light microscope Haemocytometer
Light or fluorescence microscope

Assay principle Flow cytometry Flow cytometry Direct observation of Direct observation of

bead-rosetted cells

immunocaptured cells

Detection system

Fluorochrome labelled anti-CD3,

Fluorochrome labelled

Latex beads conjugated

Magnetic beads conjugated to anti-

CD4 and CD8 MAb anti-CD4 MAb to anti-CD4 MAb CD4 and CD8 MAb

Specimen Whole blood Whole blood Whole blood Whole blood
Results Absolute CD4 and CD8 count Absolute CD4 count Absolute CD4 count Absolute CD4 count

CD4/CDS8 ratio Absolute CDS8 count

CD4% and CD8% among T cells CD4/CDS8 ratio
Correlation with flow 0.93-0.98 096-0.97 0.67-0.93 0.94 and 0.96
cytometry”® (r value) (several international studies) (some studies) (several international studies) (several international studies)
Cost of instrument (US$) 25 000 20 000 2000 2-10 000>
Cost of reagents /test (US$)* 6-20 2 4-8 35
Advantages Automated, fewer steps, less Reagents available at low cost Simple and rapid Simple and rapid

human error, low biohazard risk
Absolute CD4 and CD8 counts
Quick results

EQA available

Quick results
EQA available

Absolute CD4 and CD8 counts

Disadvantages

Expensive reagents

12 samples processed at a time
CD4% among lymphocytes not
reported

CD4% among lymphocytes not
reported

Instrument not proven in an
independent multi-centre study

10 samples processed at a time
Subjectivity in visual counting
CD4% among lymphocytes or
CD8 counts not reported

No EQA available

6 samples processed at a time
Subjectivity in visual counting
CD4% among lymphocytes not
reported

No EQA available

MAD — monoclonal antibody; EQA — external quality assessment

@ The analysis of correlation using linear regression is not appropriate to study method comparison. Instead, the analysis of agreement should be performed. Unfortunately, none of the

published studies has used this analysis to compare these methods with flow cytometry. Therefore, here the ‘t’ values are still reported.

b Depending on if a light or fluorescence microscope is used.

¢ Reagent cost may decrease substantially in the near future.



