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Abstract 
Introduction: To determine the possibility of utilizing total lymphocyte counts (TLC) instead of 
CD4 counts in the initiation and management of patients with HIV on highly active antiretroviral 
therapy (HAART). The commencement of HAART CD4 lymphocytes has been employed in the 
management HIV. However it has been found that determination of CD4 counts is expensive and 
somewhat laborious to perform in already overburdened healthcare systems especially in the de-
veloping countries. Methodology: Five hundred and three (503) consenting patients already on 
HAART (commenced at CD4 count < 350 cells/µl) who attended our HIV clinic between February 
2014 and February 2015 were enrolled into the study. The patients had already been diagnosed as 
HIV positive. Kappa statistic was computed as a measure of reliability of TLC. Various cut-off 
marks for TLC in respect of the CD4 counts were determined in addition to the computation of 
both sensitivity and specificity. Receiver operating curves (ROC), showing area under the curve 
indicating agreement in classification, were plotted. Results: Majority of patients were female 
(73.8%). Most of the patients were in the age range of 25 - 34 years (37.2%). Males were found to 
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be significantly older than females (P < 0.05). Area under the receiver operating curves (ROC) re-
vealed that 4 out of 10 patients would be missed using total lymphocyte count (TLC) as the indica-
tor for commencement of HAART. A low correlation coefficient and Kappa statistic r = 0.18, and K 
= 0.20 respectively, were observed between TLCs and CD4 counts. Conclusion: Total lymphocyte 
count is not a suitable alternative to CD4 counts in the management of HIV/AIDS. 
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1. Introduction 
The first clinically observed HIV/AIDS cases were in 1981 in the United States where young homosexual men 
with impaired immunity were then presenting with Pneumocystis carinni pneumonia (PCP) now jirovechi (PJP) 
and Kaposi’s sarcoma (KS). In 1983, the virus was isolated in a patient with lymphadenopathy [1] and in 1984 
the virus was identified in the laboratory by Gallo and his workers for which he received the Nobel Prize [2]. In 
1985, the ELISA kit was developed to detect the antibodies to HIV and thus established the ability to diagnose 
the disease condition. However following this, a diagnosis was initially not of much use to the medical status of 
the patient, death being only a matter of time. Fortunately with the introduction in 1996 of highly active antire-
troviral therapy (HAART) to the management of HIV/AIDS, there has been a considerable improvement in the 
prognosis of the disease and improved quality of life of affected patients [3]. The disease has evolved from a 
life-threatening diagnosis to a chronic aliment though, with attendant problems of chronic diseases including 
side effects of long-term therapy. Notable among these is the metabolic syndrome (lipodystrophy), co-infection 
with other viruses, hepatitis C virus co-infection being the most notorious [4]. In previous studies carried out 
among our HIV positive clients, 23.2% were found to be co-infected with hepatitis C virus [4]. Most populations 
of HIV patients worldwide are generally thought to be co-infected with hepatitis C virus with figures as high as 
a third of whole populations. Ordinarily, about 40 million people worldwide are infected with this virus, and the 
majority of them are in sub-Saharan Africa, the region where this study is being carried out [5]. 

Having said this, the use of ARV drugs should be under strict control, monitoring and guidance including 
maximum adherence in order to obtain optimum effects in the patients [3]. Sub-Saharan Africa is a region of the 
world where resource limited countries (RLC) lie side by side as neighbors and its people are in a dire need of 
the benefits of scientific advancements occurring in USA and Europe but at affordable and/or minimal costs.  

The gold standard for monitoring patients on HAART is estimation of HIV viral load [6]. However the per-
formance of this is limited by financial considerations especially in resource poor settings such as ours. As a re-
sult, there is more reliance on CD4 counts to monitor the effects of HAART. Static or reduced levels of CD4 
counts despite being on HAART may indicate resistance and the need to switch to second line therapy. It is well 
known that the CD4 cells constitute a major portal of entry into the human system by the virus and thus its value 
would naturally play a vital role in monitoring and managing the disease, especially when the patients are on 
HAART [7].  

Furthermore, determination of CD4 counts at point of entry has been found to increase the probability of 
reaching patients who are eligible for HAART [8] and this would translate to a reduction of the rate of spread of 
disease within the society. However, a situation is emerging in which the performance of CD4 lymphocyte 
counts in lieu of viral load is becoming difficult, due to financial constraints. It has been opined by some that 
CD4 counts are laborious, expensive and restricted to specialized laboratories [9]. As a result of all the foregoing, 
it is suggested that alternatives to CD4 counts in monitoring patients on HAART [7] especially in resource li-
mited countries (RLC) be sought. 

Suggested alternatives include markers such as Neopterin and β2-microglobulin [10] levels which have prov-
en to be significant predictors of AIDS risk in HIV-1 seropositive patients. The predictive value of both para-
meters is equal to CD4+ cell counts. Measurement of the parameters is done in serum (neopterin and β2-mi- 
croglobulin) or urine (neopterin) specimens, exposure to which reduces the risk of HIV-1 transmission com-
pared to handling whole-blood samples required for cell counting [11] [12]. Other markers that may be investi-
gated as alternatives include relative lymphocyte count (RLC), absolute eosinophil count, blood Hb, erythro-
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cytes sedimentation rate (ESR), C reactive protein (CRP) and total lymphocyte count [13]. In a study carried out 
in Kenya a significant linear correlation was found between total lymphocyte count (TLC) and CD4 count. A 
classification utility of TLC of 1200/mm3 was found to be not useful as cutoff, and a cutoff of 1900/mm3 was 
recommended to classify patients as either below or above CD4 200/mm3 as an indicator to commence HAART 
[14]. Performance of the TLC is a test that can be carried out routinely in the laboratories and does not require 
special equipment unlike CD4 counts. This would increase access to care and improve health outcomes in 
people living with HIV/AIDs. However, other studies have suggested that TLC would not be appropriate but 
may be reliably used in designing algorithms and programs for initiating patient management and follow-up in 
resource-limited settings [15]. 

2. Methodology 

Five hundred and three (503) consenting patients already on HAART (commenced at CD4 count < 350 cells/µl) 
who attended our HIV clinic between February 2014 and Feb 2015 were enrolled into the study. The patients 
had already been diagnosed as being HIV positive by screening for the antibody using kits from two different 
sources, Determine and Unigold. The CD4 cells count was determined by flowcytometry and total lymphocyte 
count was determined by automated analyzer. 

The study region is in Osogbo the capital of Osun state in south west region of Nigeria. The residents are 
predominantly Yorubas, however there are other tribes including Hausas, Igbos and those of Delta and Edo ori-
gin. It is an urban setting with a population of 3,416,959. The weather is typically tropical with periods of heavy 
rainfall alternating with the dry season.  

Inclusion criteria: HIV positive individuals on HAART who voluntarily consented to be included in the study.  
Exclusion criteria: Individuals who test negative to HIV and patients not on HAART. Those who declined in-

clusion into the study were also excluded.  
Socio-demographic, clinical and laboratory records including paired TLC s and CD4 counts of 503 HIV posi-

tive patients registered in the HIV clinic between February 2014-January 2015 were obtained from record and 
statistically analyzed. Kappa statistic was computed as a measure of reliability of TLC. Various cut-off marks 
for TLC in respect of the CD4 counts were determined in addition to the computation of both sensitivity and 
specificity. Receiver operating curves (ROC) showing area under the curve indicating agreement in classifica-
tion were plotted. 

3. Results 

A total of 503 participants were included in the study; 73.8% were female, while 26.2% were male (Table 1). 
The minimum age observed was 15 years while the maximum was 70 years. The mean age was 38.28 ± 10.11. 
Most of the HIV positive cases were within the age range 25 - 34 years, followed by the 35 - 44 year age range 
(Table 1). The minimum CD4 count was 5 cells/µl, while the maximum was 2039 cells/µl. As for the lympho-
cyte count, the minimum count was 100 cells/µl and the maximum was 6270 cells/µl. The average CD4 count at 
enrolment was 351 ± 266.17 and the average lymphocyte count at enrolment was 1812 ± 742.63 (Table 2). Us-
ing <350 cells /µl CD4 counts as the cutoff, 61.8% were eligible for HAART of which more than a third were 
female, however using <500 cells/µl as cutoff point 78% were eligible for HAART. When the cutoff was predi-
cated on the lymphocyte counts, 52.7% were eligible for HAART.  

In our study, male HIV positive patients at enrolment were significantly older than female (Table 2). Al-
though lymphocyte count was higher for male at enrolment, this is not statistically significant as P > 0.05. 
However, the CD4 count is statistically significantly higher for the female HIV positive patients compared to 
their male counterparts (P < 0.05). A very low correlation (r = 0.2, P > 0.05) was observed between the CD4 and 
lymphocyte counts. 

Sensitivity for lymphocyte count at <1800 in respect of identifying those who need treatment is about 60% if 
compared with CD4 count (CD4 count < 350). Conversely, four patients in every ten would miss initiation of 
HAART using TLC. The cut-off table shows sensitivity and specificity of each selected lymphocyte count level 
using the CD4 count of <350 cells/µl and CD4 < 500 cells/µl as gold standards respectively. In both instances, 
both sensitivity and specificity of the lymphocyte count as an alternative for determining treatment initiation are 
very low. Observing the receiver operating curves (ROC) as depicted in Figure 1, lymphocytes counts correctly 
classified or identified about 60% of HIV positive patients who needed to start ART. Also in Figure 2 the ROC,  
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Figure 1. Receiver operating curve showing the sensitivity of lymphocyte counts in determining initiation of ART in relation 
to the standard of <350 CD4 counts.                                                                         

 

 
Figure 2. Receiver operating curve showing the sensitivity of lymphocyte counts in determining initiation of ART in relation 
to the standard of <500 CD4 counts.                                                                         
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Table 1. Socio-demographic characteristics and CD4 counts of HIV positive patients.                                  

Socio-demographic variables Frequency (%) 

Age group  

15 - 24 yrs 13 (2.6) 

25 - 34 yrs 187 (37.2) 

35 - 44 yrs 174 (34.6) 

45 - 54 yrs 85 (16.9) 

55 - 64 yrs 37 (7.4) 

65 - 74 yrs 7 (1.4) 

Sex  

Male 371 (73.8) 

Female 132 (26.2) 

Educational status  

Primary 18 (3.6) 

Secondary 405 (80.5) 

Tertiary 80 (15.9) 

Religion  

Islam 215 (42.7) 

Christianity 288 (57.3) 

CD4 counts guidelines for ART initiation  

1. CD4 < 350 
CD4 ≥ 350 

311 (61.8) 
192 (38.2) 

2. CD4 < 500 
CD4 ≥ 500 

393 (78.1) 
110 (21.9) 

 
Table 2. Gender difference and selected characteristics of HIV positive patients at enrolment.                           

 Sex N Mean Std. Deviation Mean Diff. t-test P-value 

Age 
Male 132 43.22 10.23    

Female 371 36.53 9.47 6.69 6.82 0.000 

Lymphocyte count 
Male 132 1.84E3 759.79 45.65 0.62 0.54 

Female 371 1.80E3 737.10    

CD4_count 
Male 132 2.97E2 211.91    

Female 371 3.70E2 280.77 −72.78 −2.71 0.000 

 
using <500 cells/µl as CD 4 count cut-off point reveals as previously observed with CD4 count of <350 cells/µl, 
that lymphocytes counts correctly identified about only 60% of HIV positive patients who needed to start ART. 
Agreement between lymphocyte counts and CD4 counts in respect of treatment initiation among HIV positive 
patients in our study population is low (Kappa statistics = 0.2). 

4. Discussion 

HIV/AIDs is a problem that seems to have retained its strong hold in Africa, especially the sub-Saharan region. 
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Whereas, Africa has only 10% of the world’s population, 70% of those infected with HIV reside in Africa. It 
appears as a problem that isn’t going to disappear anytime soon. In this study, there was a total 503 participants 
and the majority were female. This is similar to findings in other studies [16] [17]. Most of those HIV positive 
were within the age range 25 - 34 years, followed by the range 35 - 44 years (Table 1). This should not be sur-
prising because of sustained sexual activity among this age group. Over time it has been established that the fe-
males are more vulnerable to HIV infection than the male folk [18], so the predominance of the female sex in 
our study is also in agreement. The reasons for this include biological factors, taking into account the much 
larger surface areas of the vagina and the cervix compared to areas of the penis through which sexual transmis-
sion can occur. It has also been stated globally that females between 15 - 24 years are twice more likely to be 
infected with HIV than men. There are other social, cultural and economic reasons for which the female sex is 
more prone. Females are still not yet in a strong position to negotiate for safer sex with their male partners; eco-
nomically females may need to take up high risk occupations (Prostitution) in cases where they have to feed 
themselves and their children. There is a dearth of women at levels within the democratic system where impor-
tant decisions regarding women are taken.  

The mean age of the total population in our study is 38.28 ± 10.11, while the mean age for females was 36.5 
and for males 43.21 (Table 2). In a study carried out in a similar setting, the total mean age was 33 ± 17 while 
that for females was 31 ± 5.6 and males 36.5 ± 8.2 [17]. Though our patients’ population seems to have higher 
age groups than that study the male sex populations remained older than the female sex in both studies. In our 
study, with a mean age difference between the sexes of 6.69 years was found to be statistically significant as P < 
0.05 (Table 2). This is similar to finding of Akinola et al. [16]. 

In the (2010) guidelines, it was recommended that the cut-off point (CD4 count) for the commencement of 
HAART be elevated from <200 cells/µl to <350 cells/µl and only recently this cutoff point has been raised to 
<500 cells/µl. Studies in the united states have revealed the value of commencing HAART when CD4 counts are 
between 350 cells/µl and 500 cells/µl, there was reduced occurrence of adverse events, reduction of opportunis-
tic infections (including tuberculosis) and prolongation of life of the patients. Commencing HAART at higher 
CD4 counts reduces progression to AIDs and even death. Various studies have contributed to these findings in-
cluding ART-CC (cohort collaboration), NA-ACCORD, HIV-Casual cohort and CASCADE. All these studies 
are remarkable because historically patients were started on HAART when CD4 counts were very low (<200 
cells/µl) in late stage disease with subsequent poor prognosis. This elevation to <500 cells/µl would increase the 
number of patients on HAART and subsequently reduce the spread of the virus within the society eventually 
working towards to a possible AIDs free society in Africa and indeed worldwide. This would be using HAART 
both as treatment and prevention diversifying into increasing the quality of life of the community and public 
health. Indeed an AIDs free society has recently been predicted by UNIAIDS by the year 2030. 

This increase of cutoff point to <500 cells/µl will mean more patients would have to undergo CD4 count es-
timations. It has already been established that the already overburdened health care system of resource limited 
countries (RLC) are struggling with the high costs of performing CD4 counts and were searching for cheaper 
and more accessible means of indicating when to start and monitor patients on HAART. This pressure is even 
likely to increase with this new cutoff point as the number of cases to be tested would be increased. Several pa-
rameters have undergone suitability trials as already mentioned above to determine if they would be acceptable 
alternatives to the CD4 count. The most popular of these appears to be the TLC. 

In a study carried out in British Columbia, Canada it was found that TLC could be used in lieu of CD4 counts 
in resource poor settings, taking into account prognostic factors such as viral load in resource poor settings such 
as is ours. In that study, there was emphasis on appropriate validation and caution regards its use. However, stu-
dies carried out in Ethiopia were not so optimistic as they revealed low sensitivity and specificity using TLC as a 
surrogate marker for CD4 counts and discouraged the use of TLC in lieu of CD4 counts. At TLC levels of 
<1200, they obtained a sensitivity and specificity of 41% and 83.5% respectively [19] whereas in our study TLC 
levels (picking the highest and lowest values of TLCs) of 1505 revealed sensitivity of 50% and of specificity of 
69%; and TLC of 2450 revealed a sensitivity of 86% and specificity of 21.4% (Table 3). This study corrobo-
rates what earlier studies have determined in that the correlation between TLCs and CD4 is too low for TLC to 
be utilized in lieu of CD4 counts. Observing the ROC (Figure 1) with <350 as cut off for those who would need 
HAART 4 out of every 10 patients who need HART would be missed. This is also clearly indicated in the ROC 
utilizing <500 as cut off point (Figure 2). The Spearmans rank correlation (r = 0.2, P > 0.05) was low (Table 4) 
similar to studies performed in the Fiji Islands which also found a relatively low correlation, r was 0.5 and con- 
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Table 3. Lymphocytes count cut-offs for two CD4 count criteria in respect of initiation of HAART.                      

Lymphocytes count With CD4 count of <350 as eligibility  
criterion for initiation of HAART 

With CD4 count of <500 as eligibility 
criterion for initiation of HAART 

Cut-off Sensitivity 1-Specificity Sensitivity 1-Specificity 

1505.0 0.507 0.307 0.466 0.309 

1530.0 0.511 0.307 0.468 0.309 

1575.0 0.514 0.307 0.471 0.309 

1650.0 0.563 0.339 0.511 0.355 

1710.0 0.605 0.396 0.560 0.400 

1760.0 0.605 0.401 0.562 0.400 

1850.0 0.695 0.510 0.659 0.500 

1905.0 0.727 0.578 0.707 0.536 

1955.0 0.730 0.578 0.710 0.536 

2015.0 0.756 0.620 0.743 0.564 

2060.0 0.759 0.620 0.746 0.564 

2095.0 0.759 0.625 0.746 0.573 

2105.0 0.785 0.656 0.771 0.609 

2140.0 0.788 0.656 0.774 0.609 

2175.0 0.788 0.661 0.774 0.618 

2190.0 0.788 0.667 0.774 0.627 

2220.0 0.810 0.703 0.794 0.682 

2270.0 0.810 0.708 0.796 0.682 

2350.0 0.842 0.745 0.827 0.727 

2450.0 0.868 0.786 0.863 0.745 

2550.0 0.878 0.802 0.873 0.764 

2650.0 0.904 0.880 0.878 0.809 

2750.0 0.923 0.901 0.906 0.855 

2850.0 0.929 0.917 0.926 0.882 

 
Table 4. Correlation coefficient between TLC and CD4 counts.                                                   

   TLC CD4_count 

Spearman’s rho 

TLC 

Correlation coefficient 1.000 0.179** 

Sig. (2-tailed) . 0.000 

N 507 507 

CD4 count 

Correlation coefficient 0.179** 1.000 

Sig. (2-tailed) 0.000 . 

N 507 507 

**Correlation is significant at the 0.01 level (2-tailed). TLC: Total Lymphocyte Count. 
 

cluded that TLC would not be a suitable alternative [20]. As has been demonstrated, too many HIV positive in-
dividuals who need HAART would be deprived of the opportunity most especially in resource poor setting 
where some centers provide the drugs freely through donor agencies located worldwide. 
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5. Conclusion 

In this study, TLC presents with low agreement with CD4 count and low sensitivity in respect of the decision to 
initiate HAART. Some HIV positive patients that should be placed on HAART would be denied treatment if 
TLC is used instead of CD4 count. TLC is not a good alternative for CD4 count in respect of the decision to in-
itiate treatment. 
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