
AFRICAN JOURNAL O F 
MEDICINE 

and medical sciences 

\ Ol . l MK 35 NUMBER 



Mi J SI a! mi'il Sci ( 2 0 0 6 ) 3 5 . 161-163 Reports 

Quality control of the total lymphocyte count parameter obtained from 
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Summary 
Lymphocyic s u b s J / C D 4 T Helpercell enumeration in HIV 
care and treatment in resource constrained sellings can be 
difficult to ascertain a s a result of the lack of the neces-
sary instrumentat ion, capacity and infrastructure. How-
ever. it is imperat ive to gain such information for paticm 
monitor ing in HIV. The Total Lymphocyte Count (TLC) is 
useful as a surrogate marker for CD4 count as recom-
mended by the World Health Organisat ion (WHO) and to 
calculate C D 4 % for pacdiatr ic use. Th is study therefore 
sets out to de te rmine and compare the accuracy of the 
total lymphocyte counts obtained from three hacmatology 
analysers designated A. B and C. that arc in regular use for 
routine hacmatological parameters at the main referral hos-
pital in Barbados. West Indies. The T L C of 263 HIV treat-
ment naive indi\ iduals a t tending the HIV Reference Unit 
in Barbados were enumera ted on the three hacmatology 
analysers. T h e ' l ymphosum ' (Sum of lymphocyte subsets: 
T-hclperccl l . T-cytotoxic cells. B lymphocytes and Natural 
killer cells) should be equal lo the TLC. and is derived by 
immunophcno typ ic analysis on a 4-colour flowcytomclcr. 
Mach ine C had the highest positive correlation between 
the T L C and the lymphosum with and R : of 0.9031 com-
pared to machine A with an R2 values of 0.7119 and Ma-
ch ine B with R 2 va lues of 0.637. These results show that 
there can be d ramat ic inaccuracies when using routine 
hacmatology analysers for both routine use. as a surro-
gate marker of CD4 or for derivation of C D 4 % in HIV man-
agement . It fur ther demonstrates that all hacmatology ana-
lyzers require some form of Quali ty control. The possible 
lack of accuracy of the T L C by hacmatology analysers 
should be taken into considerat ion when following the 
r ecommenda t ions of the W H O in resource poor sellings 
or us ing it as a denominator for calculat ing CD4%. 
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Resume 
L'cnumcra l ion des sous-type dc lymphocytes durant les 
soins du VIH ct Ic trailcincnt en locations dc resources 
l imites pent ctrc diff ici le a cva lucr du au m a n q u e des 
apparicls approprics . la capaci te el les infrastructures. 
Ccpcndant il csl impcral i fdocumcnlc telle information pour 
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les so in s dc ccs pa t i en t s . L ' c s t ima t ion des lymphocy-
tes to ta lc ct est u t i le c o m m c un markcu r par taux des 
cellules C D 4 r ccommcnde par I ' O M S el calculer lc pour-
ccn tagc des C D 4 pour ( 'u t i l i sa t ion pcdia t r iquc. Ccttc 
e lude ctait fa i tc pour d e t e r m i n e r ct compara i t r c la pre-
cision dc r e s t i m a t i o n totalc des cellules lymphocytaires 
ct les pa ramc t rc s hcmato log iqucs sur 3 machines d ' a n a -
lysc hcmato log iquc A.B et C dans I 'hopital dc Barbados. 
La d i f f e r e n t i a t i o n des l y m p h o c y t e s to ta lc (T cl B) sur 
263 pa t i en t s VIH v is i tan t L imi t c dc re fe rence des pa-
t ients VIH a B a r b a d o s e ta icnt c n u m c r c s sur les 3 ma-
c h i n e s cl 1 ' a n a l y s c du i m m u n o p h c n o l y p e pa r un 
cy tomet rc a q u a t r e cot t leurs . La m a c h i n e C avail une 
cor re la t ion p lus pos i t ive cn t rc r c s t i m a t i o n totalc des 
lymphocytes ct Ic l ymphosum(R 2 =0 .9031 ) compare a la 
achinc A(R : =0.7190)c t la mach inc B(R :=0.637), C c s r e -
sul ta ts mon l r cn t que il peut avo i r des i m p r e c i s i o n s d r a -
n i a t i q u c dc m c s u r e s d u r a n t l ' u s a g e r o u t i n i c r c des 
ana lysa tcurs h e m a t o l o g i q u e s nccess i tant des conl ro lcs 
permanent dc quali tc. Lc markcu r CD4 pourrait ctrc uti-
lise durant lc m a n a g e m e n t du VIH tout en reduisant les 
de r iva t ions dc p o u r c c n t a g e des CD4 . Le m a n q u e dc 
prec ise dans r c s t i m a t i o n des lymphocy tes totalc par 
ccs a p p a r i c l s d o i v e n t c t r c c o n s i d c r c s s u i v a n t les 
r e c o m m e n d a t i o n s dc L ' O M S cn pays sous -deve loppcs 
oti den ut i l isant un d c n o m i t c u r c o m m u n pour calculer 
les p o u r c c n t a g e des cc l lu lcs CD4 . 

Introduction 
T h e determinat ion of absolute CD4 T Helper cell counts 
and quantification of plasma HIV RN A levels arc predomi-
nantly tiscd to monitor disease progression and make clini-
cal decisions in HIV-infected persons. However treatment 
and management strategies in HIV disease still poses a 
cha l l enge in deve lop ing na t ions due to high costs of 
therapy and moni tor ing of immunological and virological 
parameters. 

Many regions in resource constrained locations 
in I lie developing world a rc not able to afford to imple-
ment these high cost technologies in order to effectively 
manage persons with this disease. 

Consequently there is an increasing need to pro-
vide a ' sa lvage ' service in situations where enumeration 
of CD4 counts by expensive techniques are not economi-
cally feasible. For this reason various parameters have been 
instituted as substitutes for a CD4 count by the World 
Health Organizat ion (WHO) suggesting using a total lym 
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phocytc count (TLC) as a sur rogate marke r for the C D 4 
count, implying that a T L C obtained on a haematology 
analyzer of less than 1200 is an indicat ion of a C D 4 count 
of less than 20011.2,3,41. 

To generate a C D 4 % count which is the preferred 
parameter for pacdiatr ic cases | 5 | . will increase the cost of 
flowcytometry protocols. The re fo re there a rc some plat-
forms and kits that can only genera te a n absolute CD4 
counts. In this scenar io the absolute C D 4 count is divided 
by the T L C and mult ipl ied by 100 to get a C D 4 % value. 
T h e T L C is derived f rom a second ins t rument and there-
fore an addit ional source of error. 

[CD4% =CD4Al)solute count divided by the TLC and 
multiplied by 100) 
In laboratories worldwide, de te rmina t ion of the T L C is a 
routine test d e t e r m i n e d us ing au toma ted haemato logy 
analysers, which rely on physical propert ies of white blood 
cells such a s s ize and complexi ty to different ia te between 
t h e s u b t y p e s to d e r i v e a d i f f e r e n t i a l c o u n t . U s i n g 
f lowcytomctry the s a m e pa rame te r s can be determined 
using monoclonal markers , in addit ion to physical proper-
ties to generate more accura te and specific enumerat ion of 
the subsets of the whi te blood cell count . By this tech-
nique a derivative called the lymphosum is the sum total of 
all the lymphocyte subsets, compr ised of the T helper cell, 
T suppressor cells, B lymphocytes and Natural killer cells 
using CD45, CD3, CD4. CD8, CD 19 and CD56 monoclonals 
to dist inguish and enumera te . Two lymphosums can be 
derived f rom these monoclonals . Lymphosum 1 derived 
from the sum of: CD4/CD8/CD56 /CD19 and lymphosum 2 
which is de r ived f r o m the s u m of C D 3 / C D 5 6 / C D 1 9 . 
Lymphosum which will capture the small proportion of 
gamma delta T-cells that would be missed in lymphosum 1. 
In this study the latter lymphosum was used as it is a more 
accurate measure of TLC. 

T h e T L C derived f rom a routine haematology 
a n a l y z e r s h o u l d h a v e a g o o d c o r r e l a t i o n w i t h t he 
lymphosum derived from a flowcytomctcr if the analyzer is 
measuring white cells d i f ferent ia ls accurately, and should 
be a prerequisite quality control s tep before the T L C can 
be utilized as a surrogate marker particularly in resource 
poor settings where routine haematology analyzers may 
be old or may have been refurbished and under serviced. 

This study has evaluates the accuracy of three 
makes of haematology analyzers used in routine laborato-
ries to obtain a T L C by compar ison with the lymphosum 
derived by f lowcytometry which is considered to be the 
gold standard. If results f rom haematology analysers arc 
going to be used to m a k e important clinical decisions, the 
clinician must be assured that the results obtained will be 
as accurate and precise as possible |6 ,7 | . 

Materials and methods 
EDTA anticoagulated samples from 263 treatment naive 
HIV positive individuals a t tending a dedicated HIV refer-

ral centre in Barbados were randomly selected from rou-
tine batches for lymphocyte subset determinations. The 
samples were prepared fol lowing the manufacturer ' s pro-
tocol us ing a commerc ia l mix ture of monoclonal antibod-
ies (mAbs) CD45-FITC. CD4-PE, CD8-ECD. CD3-PC5. 
CD56-RD1 and CD 19-ECD (Bcckman Coulter Inc.. Florida. 
USA). T h e f lowcytometry laboratory has a routine quality 
assurance a r rangement with Health Canada international. 

Melliod: 100[iL of whole blood was mixed wi th 10[iL of 
m A b s and incubated for 1 Omins af ter which the cells were 
lyscd with 500j.iL of Opti lyse-C solution and incubated for 
another lOmins. 5 0 0 [ i L o f P B S solution was added and the 
samples were then stored at 4°C and tested within 24 hrs 
on the Bcckman Coul ter Epics XL f lowcytomctcr . Flow-
S e t ™ and Flow-Check 1 ,VI f luorosphcrcs were used as qual-
ity control measures to adjust the voltages and align the 
lasers on the machine . 

The Tetra-onc sof tware was used to determine 
the percentages and absolute counts of the lymphocyte 
subsets. Total lymphocyte counts were assessed on the 
s ame day of collection on three haematology analysers 
that are in routine use in the main referral hospital labora-
tory. T h e models of the mach ines have not been disclosed, 
however the mach ines were referred to as Mach ine A (15 
years old), B (8 years old) and C (4 months old). T h e 
lymphosums were categorized as Lymphosum 1 and 2 where 
lymphosum 1 is the sum of CD4, CD8, CD56, and CD 19 and 
lymphosum 2 is the sum of CD3, CD56 and CD 19. 

Resul ts 
T h e h i g h e s t c o r r e l a t i o n s b e t w e e n the T L C a n d the 
lymphosum were seen in M a c h i n e C wi th an R2 values 
0 .9031 followed by M a c h i n e A with an R : values of 0.7719 
and M a c h i n e B had the poorest and unacceptable R : cor-
relat ion of 0 .637. (See g r a p h s showing coefficient of cor-
relation.) 
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Discussion 
The use of a T L C as a surrogate marker is based on ihc faci 
at T L C is the sum of all lymphocytes comprised of T-cclls 
(CD3). B-cclls (CD 19) and natural killer cells (CD56), and 
can therefore be implemented in lieu of the enumeration of 
lymphocyte subsets by flowcytometry 111. However, when 
using T L C as a surrogate marker for CD4 or as a denomina-
tor for calculat ing CD4%. it is essential to determine the 
accuracy of the hacmatology analyzer to be used. It is a 
well-accepted fact that with age the accuracy of labora-
tory equipment may begin to decline and results may not 
be as reliable. Although machine C w hich was almost brand 
new gave a better relationship of the parameters than ma-
chine A and B. both of the older machines did not have a 
significant d i f ference between them. I hcrcforc a TLC 
should only be used as a substitute for the lymphocyte 
subsets in sett ing where the analysis of these subsets by 

flowcylomctiy is not available. This is rather a disappoint-
ing outcome and demonstrates that distinguishing be-
tween white blood cells based on physical properties in-
stead of surface cluster designated (CD) markers is fraught 
with error |6|. 

Although fiowcytometry may be considered as 
the optimum standard for lymphocyte subset evaluation 
this method also has its own limitations that can range 
from pipetting errors, laser beam decay to the lack of main-
tenance of the machine 17|. 

Therefore it is wise to note that whichever sys-
tem is used, quality control checks must be incorporated 
into routine laboratory practiccs to ensure that the test 
results from a hacmatology analyser or a nowcytomctcr 
arc accurate and precise. In the developing world, ma-
chines may be old. refurbished or poorly maintained, w Inch 
makes the need for such quality control checks to be em-
barked upon before clinical decision arc made based on 
derivative assumptions. 
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