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Lessons learnt from the resource poor-s 

 Research        industry 

          clinical application*) 

  still too complicated 

  expensive, high prices perhaps arteficially 

  not optimally quality assured 

  not fully suitable for country-wide work 

  one important step in the application is missing  

 

*)  The global health and diagnostic (flow) 
cytometry – breakthrough in HIV and tuberculosis 
Clinical Cytometry (Cytometry B) 74B: supplement 
March 2008   
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The missing extra: 

Research        industry        research: simplify 

 

• elimininate unnessary complications 

•  use local national quality assessment 

•  use local reagents 

•  develop local skills (e.g. titrate antibodies) 

•  bargain for instruments and go ‘cheap’ if 
 necessary     
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CD4+ T cell counts 

CD45 + CD4 ‘panleucogating’ 

•  Glencross et al. CC 74B: S40-51, 2008 

•  Glencross et al. CC 74B: S69-79, 2008 

•  South Africa 53 laboratories 

•  confirmed in the USA, 

•     Barbados 

•     Malawi 

•  CD3 and CD8 in not needed 

•  robust and combined with ‘generic 
 beads’ to  QA every tube (‘bead-count-
 rate’) 

•        different systems are quality assessed 
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Fig.1 Primary CD45 gating is an 

example of the immunological gating 

strategy when an antibody, in this case 

CD45 (‘y’ axis), is used to discriminate 

cells on the basis of grades of reactivity. 

The side scatter (granularity) also  

contributes. Here Gate ‘A’ contains the 

total white blood cells (WBC). Within this 

gate are the lymphocytes (‘B’), 

monocytes (‘C’) and granulocytes (‘D’). 

This basic gating strategy has wide 

ranging applications including the 

definition of the numbers or proportions 

of leucocytes and lymphocytes in tissue 

samples, needle biopsies, lavage fluids 

and sputum (see text). The Gate ‘A’ is 

the first step in the panleucogating (PLG) 

protocol for robust CD4 counting 

methods (see Fig.2). 
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Fig.2  Primary CD4 gating is the 

simplest reliable method for counting 

CD4+ T cells (CD4++ lymphoid). This is 

achieved with CD4 staining on the ‘y’ 

axis and side scatter (granularity) on the 

‘x’ axis. Monocytes are also CD4+ 

positive but weakly, and when side 

scatter is used CD4++ lymphoid cells are 

separate from CD4+ monocytes. This 

method can be used on its own – or can 

also be the second step of the PLG, to 

provide an exceptionally robust CD4 

counting technology which works well on 

aged ‘stressed’ samples and easy to 

teach. In this technology there is no 

need to use CD3 staining for T cell 

gating. If however the side scatter is not 

available the CD3 usage can be 

essential (e.g. on the FACSCount and 

Guava instruments).  
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CD8+ lymphocyte activation 

• CD45 + CD4 + CD8 + CD3 

 can be replaced by 

 

• CD45 + CD4 + CD8 + CD38 

    activation of CD8, measured by CD38 
expression indicates who needs viral load 
test 

No extra expense and save costs of viral load 
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Fig.4  The simplest robust CD4-counting is to use a flow cytometer with 3-parameter 

operation (2-immunoflurescence colours CD4 and CD45 plus side scatter)  [24,29,70,71]. 

This can be done on volumetric cytometers [29,30] or with pipetted beads using the 

concept of bead-rate-count [31]. Large laboratories frequently run flow cytometers with 4-

colours. In this case it is more cost-effective to introduce the CD8/CD38 lymphocyte 

activation assay (see Fig.3) –  or other tests such as CD8/PD-1 which might be equivalent. 

These are probably more useful that the (CD4.CD45.CD3,CD8) 4-colour combination  
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Fig.3   monitoring the progress of HIV 

seropositive patients on anti-retroviral therapy 

(ART) using HIV viral load (a), the CD38 

activation on CD8+ T cells (b) and CD4+ T cell 

counts (c). The patients start therapy when their 

CD4 counts are around 200/ml in blood. Within 

4- 8 weeks 32%-63% of patients has 

undetectable VL measured by an ultrasensitive 

assay (<50 copies/ml). There is a some 

increase of CD4+ counts during the first 4 week 

but further regeneration is slow.  Between 

weeks 4-36 it is the continued decrease of the 

CD38 staining intensity on the CD8+ T cells 

which tells best that patients are doing well. In 

patients with a continued drop of CD38 activity 

some VL assays can be spared to save costs. 

This is a CIPRA study by Glencross et al. [35].  
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Flow cytometry in tuberculosis  

To find patients with active TB who need 
therapy 

• HIV-TB coinfections 

• Drug-resistant tuberculosis 

• Fast diagnosis is required 

  Interferon-gamma synthesis 

  In active TB the cells that respond to TB antigens 
(16 h culture) are in the bronchial lavage and in 
the induced sputum, - not in the blood 

  no interference by BCG pre-immunization 

  works in HIV-TB co-infection 
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Barry et al. JCI 2003, 187: 243 

The primary CD4 gating of lymphoid cells that are stained for intracellular IFN-g following 

16h activation with PPD (M.tb antigen), The cells at the top right quadrant are the %IFN-g+ 

cells of the CD4+ cells present (%IFN-g/CD4+). These cells are few in the blood(<1%)  but 

present in large proportion among the lymphocyte in the bronchoalveolar lavage (24%). 

This indicates that the patient has active tuberculosis [54,55]. The assay also works when 

the lymphocytes from induced sputum are taken from patients with active TB [56]. The 

patients with HIV-TB co-infections show fewer CD4+ T cells but amongst these the IFN-g+ 

population remains abundant enough to indicate active TB 
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2. Immunopathology service 

 Classical skills are irreplaceable 

 With microscope 

 Linked to flow cytometry 
  MRD in ALL with ‘Lite MRD test’ of 

Campana et al. 
   too many children are lost by drug toxicity, 

immunosuppression 

   fast response to drugs is a good prognostic 
sign 

  fast responders may fare better on more 
tolerated regimens 

  St.Jude (Memphis, USA) support to Brazil  
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Fig.6  The concept of detecting minimal residual disease in childhood ALL with the 

simplified ‘light’ method (‘MRD-light’) [61].The CD19+,CD10+ double stained cells can 

normally be non-malignant B-lymphoid progenitors – but these normal cells are 

exceptionally corticosteroid sensitive and become absent 19 day after starting  

chemotherapy. If the patients are responding very well to therapy, the residual 

CD19+,CD10+ malignant cells are also absent (No MRD, left). If the patients are of normal 

prognosis, they may have a few CD19+,CD10+ cells at around 0.01% level (MRD, middle). 

In patients with poor prognosis these populations are higher in number (0.28% MRD on the 

right) and persist longer. These methods are now introduced in resource-poor countries to 

monitor drug effects and modify the ‘amount’ of therapy given [9].  



Royal  Free  (Immunol.) REFINING AND REDUCING INTENSITY OF THERAPY FOR PEDIATRIC 
ACUTE LYMPHOBLASTIC LEUKEMIA (ALL) IN DEVELOPING COUNTRIES: 
THE RECIFE-ALL-2005 STUDY 

Pedrosa F, Rivera GK, Campana D, Coustan-Smith E , Pedrosa M, Lins M, 
and Ribeiro RC 

Recife, Brazil and St. Jude Children’s Research Hospital, Memphis, TN,  

Contemporary treatment for childhood ALL may have unacceptably high 
toxicities in developing countries. In a pediatric oncology center in 
Recife (Brazil), 16% early deaths were noted in a recent analysis 
(JAMA 2004). Therefore, the Recife-ALL-2005 study incorporated  a 
reduction in treatment intensity for patients with chemosensitive 
leukemia, determined by measuring  minimal residual disease (MRD) in 
marrow on day 19 with a simplified, inexpensive flow cytometric assay 
(Blood, 2006).  A protocol requirement was weekly consultation 
between Recife and St. Jude oncologists.  

From August 2005 to February 2008, 100 newly diagnosed patients with 
ALL (ages 1-18 years) were enrolled. Day 19 MRD was studied in 71 
progenitor B-ALL cases:  28 (40%) were negative and 43 (60%) 
positive. Thirty-one of 52 (60%) patients with favorable presenting 
features were MRD-positive. Patients with favorable presenting 
features and negative MRD were classified as low risk (n = 21); those 
with favorable features and positive MRD (≥ 0.01%) or no MRD data as 
standard risk (n = 31) and those with unfavorable features or MRD ≥ 5 
% as high risk (n = 48). Low-risk patients received standard induction, 
methotrexate consolidation at 2.5 g/m2, IT therapy, and one course of 
reinduction. Ninety- four patients attained complete remission; 4 had 
resistant leukemia and 2 died of toxicity; 97% of planned induction 
therapy was administered. This study demonstrates the feasibility of 
using an MRD-based risk assignment system in a center with limited 
resources. Initial results indicate an important reduction in early death 
rates, suggesting that this approach could be an effective way to 
improve cure rates for childhood ALL in developing countries 
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Computer scanning of slides 

New developments of scanning histological 
slides 
Conventional preparations 

Histochemistry 

Immunofluorescence 

 for convenience 

 for teaching 

 for consultation 

 for quantitative computer-assisted 
assessment 

 for comparative research 

www. 3Dhistotech.com 
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Mirax  3Dhistotech Zeiss 
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Mirax midi 
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Mirax desk 
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Softwares 
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Uses 
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Sputum tests in tuberculosis ? 
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3. New areas for large scale flow 

Am. J. Clin. Path. 129: 649-656. 2008 

Based on Herwig, R. et al. Clin.Prost.Cancer 3: 184-

8, 2004 

See also other approach: Vener, T et al. Clin 

Chem. 54: 5 (in press) 2008  
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In blood large monocytes with PSA 

Prostate specific 

antigen; serum test is 

used but shows low 

specificity. 

 

Here the blood 

monocytes are large, 

activated and contain 

PSA (shown by brown 

immunochemical stain 

in the cytoplasm) 

Patient with prostate cancer 



Royal  Free  (Immunol.) 

Blood test for PSA monocytes 

Normal individual, no cancer 

Patient with prostate cancer 

CD14 APC, CD16 FITC and PSA phycoerythrin 
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The combination is diagnostic 

CD14,CD16 a hint  and by adding anti-PSA 

the tests work much better. Screening ? 
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Conclusions: 

1. Applied research and national organisation 
is required to render flow cytometric 
diagnostic tests (in HIV/AIDS, tuberculosis) 
cost effective and simpler 

2. Flow cytometry also provide good simple 
convenient tests for minimal residual 
leukaemia and cancer such as prostate 
specific antigen assays 

3. Powerful modern computer technology is 
also relevant for histopathology and 
scanning smear preparations 

4. These assays optimally work in 
collaboration for the diagnosis of health-
threatening diseases  



Royal  Free  (Immunol.) 

tuberculosis 
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tuberculosis 
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