


Defining events in optimizing CD4 T cell

enumeration - using modern flow cytometry

(i) optimizing CD4 T cell enumeration has started some while ago,

(i) it is a complex process of seven inter-linked areas

. Sample handling

~NO OIS WNBE

. Generic antibodies

. Gating techniques

. Volumetric instruments (because beads are too expensive)
. Red-diode laser as light source

. Other uses of the same equipment

. Quality Assurance programmes

(iii) on all fronts there has been progress during the last two years, and

(iv) all this is now congregating into two main projects

A. including 1-5
B. including 5-7

The CD4 staining and
gating protocol

Panleucogating on a
volumetric flow cytometer

A ‘whole blood lyse-no wash’
staining method using directly
conjugated CD45 and CD4
reagents is applied on a volumetric
flow cytometer. The total CD45+
cell population is autogated
(Fig.1a; Gate A) and these cells are
then re-analysed for CD4/side
scatter (Fig.1b). The absolute CD4
counts (Fig.1b; Gate D) are given.
The total WBCC (Gate A) and its
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It is requested by the HIV physicians that a similar tube is

runming for CO43:C08,

The absolute WHOC, white cell dilferential, absolute CIM +CD8 Signature
counts are given, together with the CD4/CDE ratos.

count for lymphocytes (@g&‘! ‘B),tiﬁﬁonocytes (Gate C) and granulocytes (Gate E) are also known. The
CD4% among lymphocytes (D/B) is also given if requested.

This so-called ‘heterogenous’ gating protocol (immunological primary gating together with side scatter)
is robust because CD45 and CD4 stainings are well maintained on cells in stored blood samples (for up
to 4 days). Only exceptional samples need to be re-gated manually when checked by Quality Control.
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The precision of CD45/CD4
staining technology

The Bland-Altman plots show the great precision o
absolute CD4 counts (r=0.998, R?=0.999; it
Fig.2a), absolute lymphocyte counts (Fig.2b) anc
CD4% values among lymphocytes (Fig.2c) when the
tests are performed using the CD45/CD4 staining
protocol in a single tube.

Here the results are compared to the ‘gold-standard’
method using 9 reagents in three tubes (ORTHO
Trio staining . This includes ‘ImmunoSum’ of CD3 +
CD19 + CD16 for total lymphocyte counts). Similar
high correlation and precision are observed when
the counts are compared to the results obtained by
the ‘panleucogating’ protocol on double platform
(R?=0.995; Glencross et al. CCC in press).

These values of correlation for CD4 counts are
superior than the correlation between flow
cytometry and the non-flow techniques such as
Dynabead MPC-Q (R?=0.913), Opti-CIM
(R?=0.717), Coulter Cytospheres (R?=0.453) and
Capcellia (R?=0.423; see Didier et al. JAIDS 26:
193).
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The productivity of the CD45/CD4 volumetric flow i

cytometric technology -

¢ A flow cytometer can be equipped with an efficient auto-sampler

® The use of the auto-sampler (to carry 100 tubes per a 120 min round) allows
ample time to prepare samples for the next round - and still leaves 25 min

for relaxation (see Table).

® We have therefore asked that how many tubes can tested per day with
the help of a technician who had a 1-mo flow-cytometric experience

activity

Tubes preparation and labelling
Antibodies dispensing

Sample pipetting and mixing
Incubation

Lysing agent addition & mixing
Incubation
Final mixing

Thus each day four cycles were performed.

During an 8 hr work-day the technician could run: three cycles
of 120 min preparation (including 25 min break between during
each run allowing lunch break; see Table). Late afternoon the
flow cytometer is fed and primed for its 4th run overnight.

Total pre-analytical procedures
Break between runs
total

This corresponded to the four cycles (100 samples per 120
minutes each) on the biosampler.

Conclusions: 400 CD4-tests per day, 2000 per 5d-week and 100,000 CD4 tests per

year, all this performed by a single technician and low running costs represent such an economical
arrangement in a busy regional centre that it might qualify to be a record in good management.
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The parameters assessed using panleuco-gating in a 2-tube system -

0. Total white blood cell count - absolute WBCC

pan-leucocyte count from haematological analyser (on double platforms)

or

Absolute CD4+ T cell count
CD4+ T cell % among WBCC
CD4+ T cell % among lymphocytes

Absolute CD8++ cell count
CD8++ cell % among WBCC
CD8++ cell % among lymphocytes

ouk whE

N

Calculated absolute CD4 + CD8 cell count
= number of functional T cells

CD4/CD8 ratio

This simple technology requires two
parallel samples stained with 2-colour
immunofluorescence as shown below.

The autogating during evaluation and a
computer program to display results in
the user-friendly format present a light

work load for the operatin: iCi

directly from the volumetric flow cytometer (on single platform)

This is a straightforward
alternative |
(even simpler, but: (;:/DZ

needs 3 colour and provides no
A \ CD8

pipetting error check)

Comments about CD8 T cell enumeration

The CD45/CD8 tube is highly recommended,

particularly in children. if littte money is available
CD3 counts are not so important (Janossy et al. BJH 111:
1198)

CD8++ (mostly) T lymphocytes are gated
CD8+ (mostly) NK cells are ignored
Accuracy is excellent (Fig.6a)

There is a 4.6% underestimation of CD8+ T
cell counts (Fig.6b)

Clinicians find both absolute CD8 counts
and CDA4/CDS8 ratios informative and useful

CD4 plus CD8 counts are excellent to show
total counts of functional MHC restricted T
cells

¢ CD4-negative and CD8-negative T cells are not
conventional T cells and should not be counted as such
(see Janossy et.al BJH 111: 1198.2000 for discussion)

Page 4

8é
“ n%:‘?% - 4.6% bias
b Fig.6b
<25+ -r u
L] 1000 2000 3000 4000
Mean of all methods



The parameters assessed using panleuco-gating in a 2-tube system -

0. Total white blood cell count - absolute WBCC
pan-leucocyte count from haematological analyser (on double platforms)
or directly from the volumetric flow cytometer (on single platform)

1. Absolute CD4+ T cell count

2. CD4+ T cell % among WBCC This simple technology requires two
3. CD4+ T cell % among lymphocytes parallel samples stained with 2-colour
A Al EEs el e immunofluorescence as shown below.
5. CD8++ cell % among WBCC The autogating during evaluation and a
6. CD8++ cell % among lymphocytes computer program to display results in

. the user-friendly format present a light
7. Calculated absolute CD4 + CD8 cell count = number of functional T cel ; i

8. CD4/CD8 ratio

9. Absolute count of lymphocytes
10. Absolute count of monocytes
11. Absolute count of granulocytes

12. Differential: lymphocyte % among WBCC
13. Differential: monocyte % among WBCC
14. Differential: granulocyte % among WBCC

15. Assessment of pipetting error (QC with alarm facility)
Using two double-labelled samples (CD45-FITC/ CD4-PE plus CD45-FITC/CD8-PE) and employing only 3 reagents
it is possible to establish an informative set of results based on ‘panleuco-gating’. Appropriately designed user-
friendly software (e.g. based on Windows-98 and FCS-2 files) could provide neat and fast feed-back to the 6
referring physicians. The slide above shows the list of the 15 parameters that can be automatically generated
through autogating and a special software with only minimal operator involvement

Haematology or Immunology?

® Haematology analyser
rbc
wbc
flow (antibodies to see subsets of lymphocytes)

® Immunology analyser, volumetric (coulter)
primary immunological gating (providing
specificity of monoclonal technology) for
*lymphocytes
*white blood cells
° platelets
*stem cells

rbc?
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Minimum specification for optimal flow il
cytometry in resource poor settings

® Robust construction

® Two-colour immunofluorescence plus side scatter (3-
parameter analysis with generic reagents)

¢ Primary immunological gating (so-called ‘heterogeneous
protocols’) using inexpensive reagents

® Volumetric operation on single platform

® Auto-biosampler of high capacity

¢ Communication board to link up with computer

¢ Data processing with full FCS- ow cytometry standara) COMpatibility

¢ User friendly Windows-operated software for automated
operation including autogating

¢ Availability of communication software for feed-back to

clinicians: they get what they wish to get, in the format and in the complexity as they wish to
receive it (MS Access)

Tl Magasfent N . e TRES i

Summary o ‘Q,}--_\._
1. Accurate Al A\ > F =

2. Efficient: 400 CD4 counts/day

4. Directly conjugated generic reagents
are available

5. Autogating software works like a dream
6. Even a bird can drive it

7. ... we will get there

For further reading: www.affordCD4.com -
for free reagents (cpa & cpas), for technical protocols, for preprints:rfimmunology@yahoo.co.uk
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