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S u m m a r y 
The World Health Organization (WHO) has rccommcndcd 
l he use of absolute lymphocyte count (ALC) as a poten-
tial marker for immunosuppression where CD4+ count is 
unavailable. However, there arc conflicting reports on the 
usefulness of ALC as a surrogate marker for CD4+ counts 
in patients with HIV/AIDS, more so. in patients with HIV-
associatcd tuberculosis (TB). To evaluate the usefulness 
t p ir a S < U \ a I ( c r m U i v c t 0 C D 4 + eounis and to sec whether 
TB affects the correlation of ALC with CD4+ counts in 
patients with HIV-associalcd TB. A total of 66 consccu-
l i \c patients (33 with and 33 without TB) with a diagnosis 
of HIV infection were recruited into the studv as cases 
Another group of 66 subjects (33 subjects each) age- and 
sex-matched HIV-ncgativc controls were recruited as con-
trols and stratified in to two: a) HI V-ncgativc PTB patients, 
b) apparently healthy HIV and PTB negative individuals' 
The age range was from 15-60 years (median: 32 years). 
The highest percentage (39%) of subjects fell in the age 
range of 25-29 years. The mean ALC for HIV-associalcd 
PTB was 3906 ± 1092 cclls/jil and for patients with HIV 
infection only. 4755 ± 1049 cclls/ftl. There was no signifi-
cant difference in mean ALC between males and females in 
both groups (Y^>().()5). Patients with dual infection by M. 
tuberculosis and HIV had the lowest mean ALC (3906 ± 
1092cclls/|il). Healthy controls had mean ALC (±SD) of 
5249±10I cells//fil. There was significant difference be-
tween the healthy controls and the other three groups. 
The observed difference was more in patients with HIV/ 
TB co-infection (P<0.005) compared with patients with HIV 
alone (P<0.()5). No significant correlation was observed 
between CD4+ cell counts and ALC in all the age groups 
of the study population. When the CD4+ counts were di-
vided into <200 and >200 cells/jil and the ALC into <2000 
and >2000 cells/|il. the sensitivity, specificity and positive 
predictive values of the diagnostic usefulness of ALC in 
HIV-associated PTB were 52%. 56 .3%and 78.8% while for 
HIV only patients the same values were 56.3%. 55.9% and 
54.5%. rcspcctivcly. We cannot recommend the use of 
ALC as a surrogate for CD4+ count in our environment as 
this study has clearly shown that the correlation between 
the two is weak. Patients with dual infection by HIV and 
A/. tuberculosis arc more likely to have lower CD4+ cell 
and AL counts than those with HIV infection occurring 
alone. 

Resume 
L organisation mondialc dc la same a rccommcndc 
I usage des valcurs des taux dc lymphocytes absolucs 
(ALC) coniine potcnticl marqucur dinununosupprcssif 
ou Ic taux des CD4+ n'esi pas disponiblc.Ccpcndant il 
y a des rapprols contradictoircs sur fu t i l i t c du ALC 
commc markcur pour les taux dc CD4+ aux patientsayant 
lc VIH/SIDA. ainsi aux patients ayant Ic V1H associc a 
la tubcrculosc (TB). Ccttc etude avail pour but d 'eva-
lucr 1 utiliic du ALC commc alternative au taux des cel-
lules CD4+ ct observer si La tubcrculosc affcclc la cor-
relation enire ALC ct les taux des CD4+ a u \ patients 
ayanl lc VIH assocics a la tubcrculosc. Au total 66 pa-
tients (33 avee ct 33 sans TB) ayanl Ic VIH ctaiciu rc-
crutcs. Un autre groupc dc 66 sujcls d 'agc el sexe scin-
blablc sans VIH claicnl rccrulcs commc controlc ct slra-
tific en deux groupes :a)pcrsonnc sain sans VIH. ni TB 
pulmonairc (PTB).b) scroposilif apparemment sain sans 
TB pulmonairc. L'agc variail cntrc 25-60 ans (mcdianc : 
32 ans). Lc taux Ic plusclcvc (">9%) emit dans l 'agc dc 
25-29 ans. Lc ALC moyen aux scroposilif ayanl la PTB 
ctail dc 3906 ±1092 cellules/pi ct 4755 ±l049ccllulcs/pl 
au scroposilif sculcmcnt. II n 'avail pas dc difference 
significative cntrc Ic ALC moyen enire les males el les 
fcmcllcs des 2 groupes (P>0.05). Les patients ayanl la 
co-infcclion du M. tuberculose cl du VIH avaicnt Ic 
plus bas ALC (3906±1092 ccllulcs/fil) cl taux des CD4+. 
Les controlcs sains avaicnt unc ALC moyen dc 5249 
±101 ccllulcs/(.il. II avail unc difference significalixcentre 
les controlcs sains cl les auircs groupes. Aucunc cor-
relation significat ive ctail observe cntrc Ic taux des 
CD4+ cl cclui des lymphocyics absolus parini les groups 
d ' a g c ctudic. Lorsquc les taux des CD$+ claicnl divide 
en <200 ct >.200 ccllulcs/fil ct ALC<2000 ct >2000 cel-
lules /fil. la scnsilivilc. la spccificilc ct les valcurs dc 
prediction positive dc f u l i l i l c du diagnostic claicnl dc 
56.3%.55.9%cl 54.5% rcspcctivcincni. A base dc la cor-
relation faiblc cntrc ALC cl CD4+ obervee dans ccttc 
etude, nous nc rcconunandons pas I usage des Mux 
des Ivmphocvtcs absolus commc marqucur alternativ e 
du taux des ccllulcs CD4+ dans notrc e n v ironncmcnl. 
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cvtes express CD4 antigens 17| whilst 25-35% arc CD8+ T-
lymphocytes |8]. As such. CD4+ T-lymphocytes consti-
tute at least 60% of total lymphocytes in the blood. It is 
therefore reasonable to say that if CD4+ cells fall signifi-
cantly as occurs in HIV infection, it should icflcct in con-
comitant fall in total lymphocyte count thereby making 
absolute lymphocyte count (ALC) a possible surrogate 
test for CD4+cell count [9). 

Although the W H O has suggested that A L C 
could serve as a potential marker for immunosupp-ression 
where CD4+ cell is unavailable [101. there arc conflicting 
reports on the usefulness of ALC as a surrogate marker for 
CD4+ cell count in HIV/AIDS patients, more so. in pa-
tients with HI V-associated TB. 

Although the CD4+ count is an integral test in 
HIV infection, its determination requires resource and tech-
nical expertise not routinely available in many settings in 
developing countries |4.11 ]. There is. therefore, the need 
to assess the usefulness of alternative tests such as the 
ALC. which arc readily available, affordable and easy to 
carry out. This study was therefore aimed at evaluating 
the usefulness of ALC as an alternative to CD4+ count 
and to see whether TB affects the correlation of ALC with 
CD4+ count in patients with HIV-associatcd TB. 

Mater ia l s and method 
Sixty-six consecutive patients (33 with and 33 without TB) 
w ith a diagnosis of HIV infection as detected by two dif-
ferent Enzyme-Linked Immunosorbent Assay (ELISA). who 
consented to participate, were recruited into the study af-
ter obtaining an informed verbal consent. The study popu-
lation was stratified into two groups, namely: 

Cases: Adult patients with a first diagnosis of HIV infec-
tion as confirmed by double ELISA. This group was fur-
ther divided into two a) patients with HIV and pulmonary 
TB (PTB). b) patients with HIV infection only. 

Controls: Two groups. 33 each, of age- and sex- matched 
HIV-negativc controls were used: a) HIV-negativc PTB 
patients, b) apparently healthy HIV and PTB- negative 
individuals. Diagnosis of TB was based on the presence 
of Acid-Fast Bacilli (AFB) in the sputum smear. 

Patients on ami retroviral, contraceptive, immu-
nosuppressive. and antiTB drugs were excluded. Other 
patients excluded were pregnant women and those with 
sickle cell anaemia, congestive cardiac failure and connec-
live tissue diseases. 

A data sheet was used to document clinical and 
laboratory data. CD4+ cell count <200/^1 used in CDC 1993 
classification [6| were used in defining HIV infection and 
acquired immune deficiency syndrome (AIDS), respec-
tively. 

The ALC was calculated from the full blood count 
parameters ( the product of total leucocyte and differential 
>mphocyte counts) obtained using standard tcchniqucs 

112|. To get the total leucocyte count. 20j.il of blood was 
diluted in 10ml of saline and 2 drops of specified counter 
reagents were added. 1:20 dilution of blood and diluting 
fluid was made and the neubaucr counting chamber was 
fi l led. T h e d i lu t i ng f luid Ivscs the red cells but the 
lcucocylcs remain intact, their nuclei staining deep violet-
black. Visual counting was performed using both 4mm dr\ 
and 3.7mm oil immersion lens and the average of the two 
taken. The ALC. expressed as the percentage of the toial 
leucocyte count, was reported in absolute numbers (X107 
L). Blood specimen for CD4+ count was collected during 
morn ing hours (10 a m - 1 2 noon) from a free flowing 
venepuncture and added to containers with Tri-potassium 
EDTA (anticoagulant) with the ratio 1 -1.5mg of K,EDTA to 
1ml of whole blood. Samples were adequately mixed to 
avoid clots. Blood samples w ere kept at ambient tempera-
ture avoiding refrigeration, and the analyses were carricd 
out w ilhin 5 hours of specimen collection. D\ nabcads CD4 
(product No. I l l 05). a Dynal Biotech product was used 
for the CD4+count . 

Results 
The age of the study subjects ranged from 15-60 years 
(median: 32 years). Twenty seven percent of the HI V-posi-
tivc patients were between >0 and 34 \cars. The highest 
percentage (39%) of subjects in the other three groups fell 
in the same age range of 25-29 years. There was a female 
preponderance in the study population with 80 (60.6%) 
females and 52 (39.4%) males. 

Table 1: Mean value (±SD) of ALC and correlation 
between CD4+ cell count and ALC in the study popu-
lation. 

Subjects Mean ALC Correlation 
(±SD) coefficient P-
(cells/j.tl) (r-valuc) value 

0.15 

0.29 

11 J]'PTB 
Male (n= 13) 4715 ± 920 
Female (n=20) 4780 ± 1147 
Combined (n=33) 4755 ± 1049 
111\ 'positive only 
Male (il= 13) 4231 ± 784 
Female (n=20) 3695 ± 1177 
Combined (n=33) 3906 ± 1092 
PTB positive only 
Male (n= 13) 4046 ± 7 8 4 
Female (n=20) 4460 ±902 
Combined (n=33) 4297 ± 869 
Healthy controls 
Male (n= 13) 5562 ± 1009 
Female (n=20) 5047 ± 1043 
C o m b i n e d ( n = 3 3 ) 5 2 4 9 ± I O N 

0.09 

0 >6 0 II 

0.24 0.13 
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Healthy subjects had the highest CD4+ cell mean 
value (±SD) of 818± 189 cclls/|.il. Patients with HIV and PTB 
had the lowest mean (±SD) CD4+ cell count of 175 ± 55 
cclls/fil. Those with only HIV infection or PTB had mean 
CD4+ counts of 199±62 cells/|.il. and 587± 157 cells/(.tl. re-
spectively. 

As shown in tabic 2. the mean ALC for HI V-asso-
ciatcd PTB was 3906 ±1092 cclls/^tl and for patients with 
HIV infection only it was 4755±1049 cells/j.tl. Patients with 
HIV infection alone had a higher mean value compared 
with patients infected by M tuberculosis and HIV The 
difference was. however, not statistically significant 
(P>0.05) 

There was no significant difference in mean be-
tween males and females in both groups (P>0.05). Healthy 

laxis for opportunistic infections. Howev er, its determina-
tion requires resource and technical expertise not routinely 
available in many settings in developing countries |4.10| 
and is limited by high cost in several large hospitals. 

Patients with dual infection by M. tuberculosis 
and HIV had a higher mean value compared with patients 
infected by HIV alone. The difference was. however, noi 
statistically significant (/>X).()5) and may be explained by 
relative lymphocytosis seen in patients with PTB. 

Healthy controls in this study had a higher mean 
ALC compared with those reported among Caucasians.13 

Chronic parasitic infection in our env ironment is the likely 
contributing factor as a sizeable proportion of the studv 
population were farmers who were probably repeatedly 
exposed to parasitic infections 1141. 

T i ! i b , e 2 ' » t g r s [ i c u s c f l l l n c s s ALC in PTB patients and HIV-positive only patients with CD4+ counts <200 
cells/|xl and >200 cells/^1). * 

ALC 
(cells/jil) 

PTB positive patients (No.) 
CD4+ counts < 200 CD4+ counts > 200 

HIV positive only patients (No.) 
CD4+counts < 200 CD4+counts 200 

<2000 
>2000 
Total 

26 
7 
33 

24 
9 
33 

18 
15 
33 

14 
19 
33 

*For PTB positive patients 
Sensitivity 
Specificity 
Positive predictive value 

52% 
56.3% 
78.8% 

*ForHlI -positive only patients 
Sensitivity 
Specif! city-
Positive predictive value 

56.3% 
55.9% 
5-1.5% 

controls had mean (±SD) ALC of5249 ±1011 cclls/jil. There 
was significant difference between healthy controls and 
the other three groups (P<0.05). The observed difference 
was more in patients with HIV/PTB co-infection compared 
w ith patients with HIV alone (/5<0.005). 

Regression analysis showed that age did not sig-
nificantly affect ALC in all the groups (P>0.05). Although 
there was a gross difference in ALC between males and 
females in the healthy controls, the difference was not 
statistically significant (P=0.17). No significant correlation 
was observed between CD4+ cell counts and ALC in all 
the groups of the study population as shown in table 2. 

Tables 3 and 4 show the sensitivity, specificity 
and positive predictive values of the diagnostic useful-
ness of ALC in HIV-associated PTB and HIV infection only 
patients when CD4+ cell counts were divided into two 
groups: <200 cells/jil and >200 cclls/fil and ALC also di-
vided into two groups <2000 cells/^il (negative) and >2000 
cells/^1 (positive). 

Discussion 

CD4+ cells appear to be the primary reservoir of HIV in 
infected persons The number of CD4 cell count remains a 
useful marker of disease progression and widely used as 
indicators for starting ami retroviral treatment or prophy-

In this study, an insignificant (P>0.05) weak lin-
ear correlation (r <0.29) between CD4+count and ALC was 
observ ed in all groups of the study population. This find-
ing extends that of Akanmu et al 115) in Lagos. Nigeria 
who reported that out of 136 paired ALC and CD4+ count 
values. 51 had CD4+ count < 200 cclls/jtl. Of these. 29 
measurements had corresponding values of ALC below 
2000 eel Is/f il. They reported that ALC below 2000 cells/ftl 
has sensitivity of 57% as a predictor of low CD4+ count 
and specificity of 72%. Our study also complements the 
findings of another studv 1161 which reported a poor cor-
relation between ALC and CD4+ counts. The study con-
cluded that it is not possible to predict CD4+ counts on 
the basis of ALC. This was also extended by the work of 
Van dcr Ryst and colleagues |31 who looked at the correla-
tion between ALC. CD4+ count and CD4+ percentage in 
2777 HIV-infected patients. They demonstrated that an ALC 
of >2000 cells/jtl had a sensitiv ity of 90.3% to detect pa-
tients with a CD4+ count of <200 cclls/ftl. but a specificity 
of only 53.7%. When the ALC cut-off value was lowered 
specificity increased but sensilivilv decreased. For the 
observation as a group, a correlation (r=0 704) between 
CD4+ count and ALC was demons! rated but if the patients 
were divided into three groups according to their CD4+ 
counts, this correlation weakened considerably. Therefore. 
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Willi C D 4 + c o u n t s . it is "ol u good prcdic lor of Ihc 
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atcdTB is high- ihc specificity and s c n s i ^ ^ ' ° U ' ° 

•i <:ironiz linear correlation 
'(!•=() 948). In 1996. B c c k and co-\vorkcrs |2 | evaluated 1 
paired ALC and CD4+ counts in HIV infection and fount 
L correlation to be high (r=<>.76). When analyzed by stage 
of HIV infection, the correlation increased from r -0 .64 101 
asvnipto.natic patients to r=<>.72 for patients with symp-
tomatic non-AIDS HIV infection and r=0.73 lor AIDS pa-
ticnts. Il was concluded that high correlation between ALC 
and CD4+ counts especially for patients with symptom-
atic HIV disease, demonstrates the suitability of the use of 
ALC in the absence of CD4+ counts, a finding not comple-
mented bv our study. The finding in our stud) is also in 
contrast to that of Lcdru el ui 1I8| who. in a study lo 
determine the use of clinical staging and hacmogram data 
for basic management of HIV disease in West Africa 
showed that the lymphocyte count, clinical stage and plate-
let count predicted CD4+ counts below 350 cells/pl by 
regression analysis. Infectious agents abound in tropical 
countries like Nigeria, which may likely be responsible for 
the increased levels of ALC and subsequent poor correla-
tion with CD4+ count. 

Martins and co-workers 119| enrolled 345 patients 
in South Africa in a study to assess the usefulness of ALC 
as a surrogate of CD4+ count in patients dually infected 
by HIV and TB. and showed that the CD4+ count of the 
HIV/TB cohort were significantly lower than thcTB group 
with medians of 230 and 630 cells/[il. respectively 
(P<0.0001). The finding in our study that HIV/TB patients 
had the lowest mean CD4+ count complements this work. 
However, they reported that an ALC of 1300-1500/jil was 
found to be prcdictivc of a CD4+ count of >200 cclls/fil. a 
finding that has not been corroborated by our study even 
though we used a cut-ofT value of 2000 ccils/jil. Methodol-
ogy may account for the differences observed in our study 
when compared with these studies as our CD4 + counts 
were done manually, which is associated w ith inherent er-
rors (coefficient of variation 16%). It is however, unlikely 
that the ALC could have predicted low CD4+ counts in our 
study even if we reduced the cut-olT value. In this study. 

dtAdLC; ~2<1<)() C C ' l s / t l 1 a m o n g P a l i c n t s with HI V-associated 
B the sensitivity, specificity and positive predictive 

values of CD4+ cell count were 52%. 56.3% and 78 .8% 
respectively while among those with HIV onlv the corre-
sponding figures were 56.3%. 55.9% and 54.5%. rcspcc-

i l i c u s c o f l f r ? U S i 0 " ' l h c r c f o r c - w c cannot recommend 
ro, e, K ^ ; surrogate f o r CD4+ count in our c n u -
oi n w i as this study has clearly shown that the co r reh -

by m v and" / /,!/V° i S ) V C n k P i " i C n , S W i , h C ,U:" i n f c c , i o » 
- and A /. Iiiberculosix arc more likclv to have lower 

between CD4+ counts and ALC 

CD4+ cell and A L C than those with HIV infection occur-
ring alone. T h e results of our studx might have been af-
fected by the inherent errors associated with manual count-
ing used as opposed to flow cvtomclrv and therefore, in 
view of this we recommend larger studies in developing 
countries to fur ther elucidate the correlation between ALC 
and CD4+ counts as there arc still conflicting reports, which 
led to the suggestion by some authors that the CD4+ count 
be always measured separately f rom the ALC 1I6| 
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