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Abstract 
Background: CD4+ T lymphocyte count is a standard measure of immunodeficiency in adults infected 
with HIV to initiate and monitor highly active antiretroviral therapy (HAART); however, it may not be 
feasible in resource poor countries. There is need to have another marker of immunodeficiency that is 
less resource demanding. 
Objective: The aim of this study was to assess the relationship between total lymphocyte count and 
CD4+ T lymphocyte count in newly diagnosed HIV positive patients. 
Materials and Methods: One hundred forty treatment naive HIV seropositive patients were enrolled 
over a period of one year. Blood sample was collected in K2 EDTA vial to carry out Complete Blood 
Count (CBC), Total lymphocyte count (TLC) and CD4+ T lymphocyte count. Pearson correlation and 
receiver operating characteristic (ROC) curves were used to calculate the relationship between TLC 
and CD4+ T lymphocyte count.  
Results: A significant correlation between TLC and CD4+ T lymphocyte count was observed (r = 
0.698, p < 0.001). TLC cut off of 1360 cells/µl as a predictor of CD4 count < 200 cells/µl had 82.4% 
sensitivity and 90.3% specificity. The ROC curve demonstrated highest area under curve (AUC= 0.8) 
for TLC of 1360 cells/µl.  
Conclusion: TLC can be used as a surrogate marker for CD4+ T lymphocyte count for monitoring 
treatment in resource poor settings. 
 
Keywords: CD4, TLC, Human Immunodeficiency Virus (HIV), the causative agent of acquired 
immune 
 
Introduction 
Human Immunodeficiency Virus (HIV), the causative agent of acquired immune deficiency 
syndrome (AIDS), has been a challenge to medical fraternity since it was first discovered in 
1981 [1]. Globally 36.7 million people were living with HIV and approximately 2.1 million 
people became newly infected with HIV and 1.1 million people died from AIDS-related 
illnesses at the end of 2015 [2]. The first case of HIV in India was reported in 1986; As per 
National AIDS Control Organization (NACO) the prevalence of HIV infection in India is 
estimated at 0.26%. The total number of People Living with HIV (PLHIV) in India is 
estimated at 21.17 lakhs and in Rajasthan approximately 1.03 lakhs at the end of 2015 [3]. 
HIV has become a major threat in relatively poor and developing countries including the 
Indian sub-continent and causes large number of morbidity and mortality [4]. The World 
Health Organization (WHO) currently recommends initiation of antiretroviral therapy (ART) 
in people living with HIV/AIDS with CD4+ T lymphocyte counts < 350 cells/µl irrespective 
of the WHO clinical staging [5]. In India as per National AIDS Control Organization (NACO) 
recommendations, ART is initiated when CD4+ T lymphocyte counts are less than 350 cells 
/µl and in symptomatic HIV patients ART is given to all patients irrespective to their CD4+ T 
lymphocyte counts [6]. CD4+ T lymphocyte count is a cumbersome test that requires special 
equipment and well trained staff. The test facility is not available at each and every place. In 
our country for HIV positive patients CD4+ T lymphocyte counts test facility is provided by 
NACO at various ART centers. To get their CD4+ T lymphocyte counts patients have to 
travel to nearby ART centers. It is difficult for HIV positive patients to determine their 
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CD4+ T lymphocyte counts to monitor their immunity 
status. So there is a need to evaluate alternate markers that 
are easily available, cheap and can match CD4+ T 
lymphocyte counts.  
According to the WHO guidelines, in the absence of CD4+ T 
lymphocyte counts, total lymphocyte count (TLC) < 1200 
cells/µl can be used for starting ART in individuals with 
symptomatic HIV disease [7]. There are studies in HIV 
infected adults that have demonstrated association of TLC < 
1200 cells/µl and subsequent disease progression or 
mortality [8-11] 

For resource limited settings, which usually have ill 
equipped laboratories to perform CD4+ T lymphocyte counts 
and HIV RNA viral load; it becomes imperative for the 
clinicians to search for other available markers for disease 
progression and management. Hence, we evaluated the 
usefulness of TLC as a surrogate marker for CD4+ T 
lymphocyte counts initiating antiretroviral therapy and 
prophylaxis against opportunistic infections.  
 
2. Materials and Methods 
2.1 Study Design: This study was carried out in Department 
of Microbiology, Sawai Man Singh Medical College, Jaipur 
from August 2014 to July 2015. The study protocol was 
approved by the Ethics Committee of SMS Hospital. We 
enrolled 140 ART naive HIV sero-positive patients who 
visited Integrated Counseling and Testing Centre (ICTC) in 
SMS Medical College. The HIV status of patient was 
confirmed at ICTC by three tests with different antigen or 
principle as per NACO guidelines [12]. After obtaining 
informed consent from the patients, the socio-demographic 
details, clinical sign and symptoms, occupation, education 
and history of risk behavior were filled on a Standard 
Proforma. HIV positive patients above 18 years of age and 
ART naive were included in the present study. 
 
2.2 Sample Collection and Methods: Three ml of blood 
was collected in K2 EDTA vacutainer for CD4+ T 
lymphocyte count and CBC. The complete blood count 
(CBC) was performed through 5 part automated hematology 
analyzer (Siemens, ADVIA® 2120i) and CD4+T 
lymphocyte count was determined by single platform BD 
FACS CaliburTM (Becton, Dickinson and Company, San 

Jose, United States of America), as per manufacturer 
instructions.  
All the samples were processed within six hours of 
collection. 
TLC was derived by multiplying the total leukocyte count 
by the percentage of lymphocytes [13]. 
 

 
 
2.3 Statistical analysis 
Statistical analyses were done using computer software 
(SPSS Trial version 20 and primer). The qualitative data 
were expressed in proportion and percentages and the 
quantitative data expressed as mean and standard deviations. 
Significance levels for tests were determined as 95% (P< 
0.05). Correlation between CD4+ T lymphocyte count and 
TLC was evaluated using Pearson’s correlation coefficient 
(r). ROC curve analysis was performed to determine the 
optimal cut-off values of significant variables (MPV) 
detected between the two groups. 
 
3. Results  
A total of 140 HIV positive patients were included in this 
study, among which 94(67.14%) were males and 
46(32.86%) were females. The mean age was 37.66 ± 8.99 
years ranging from 19-65 years. The mean CD4+ T 
lymphocyte count and mean TLC were 254.85±150.91 
cells/µl and 1439.56±399.48 cells/µl respectively. (Table 1) 
Out of 140 HIV positive patients, 68(48.57%), had CD4+ T 
lymphocyte count less than 200 cells/µl, 36 (25.71%) had 
CD4+ T lymphocyte count between 200-350 cells/µl, 
33(23.57%) had CD4+ T lymphocyte count between 350-
500 cells/µl and 03(2.14%) patients had CD4+ T lymphocyte 
count greater than 500 cells/µl. A significant association 
was observed between CD4+ T lymphocyte count and TLC. 
Lower CD4+ T lymphocyte count is significantly associated 
with low TLC count at <1200 (P<0.001). Distribution of 
CD4+ T lymphocyte count with TLC <1200 cells/µl and 
TLC > 1200 cells/µl both are summarized in Table 2. A 
TLC 1360 cells/µl was found to have 61.5 % sensitivity and 
83.3% specificity for predicting a CD4+ T lymphocyte count 
of < 200 cells/µl in this study.  

 
Table 1: Correlation of TLC and CD4 

 

Mean Std. Deviation N 
R R Square 

TLC 1439.56 399.486 140 Sig. F Change 
CD4 254.85 150.908 140 .698a .488 .000 

 

 
 

Fig 1: Distribution of TLC and CD4 counts in HIV patients
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Table 2: Association of CD4 range with TLC 
 

Total Lymphocyte Count 
CD4 Range Less than 1200 More than 1200 Total 

No % No % 
< 200 29 90.63 39 36.11 68 

200- 350 2 06.25 34 31.48 36 
350-500 01 03.12 32 29.62 33 

>500 00 00.00 03 02.78 03 
Total 32 100.00 108 100.00 140 

 

 
 

Fig 2: ROC plot of TLC in reference to CD4+ T lymphocyte count 
< 200 

 
4. Discussion 
HIV infection is associated with clinical latent period in 
which the infected patient remains symptom free. During 
this period the virus actively replicated resulting in clinical 
illness. It is important for physicians to understand factors 
affecting disease progression which can facilitate them to 
monitor and take treatment decisions. In developing and 
resource limited countries that usually do not have 
laboratories to perform CD4+ T lymphocyte count and HIV 
RNA viral load; it becomes imperative for the clinicians to 
search for other available markers for disease progression 
and management.  
Our results showed a significant correlation between CD4+ 
T lymphocyte counts and TLC with spearman correlation 
(r=0.669); which consistent with other studies reported from 
India [4, 14, 15] Studies conducted by Fournier et al from North 
America (r= 0.77) [16], Van Der Ryste et al from South 
Africa (0.704) [17] and S. M Alavi et al from Iran (r=0.645) 
[18] also found high degree of positive correlation between 
paired CD4+ T lymphocyte counts and TLC counts. In 
contrast to these studies, Akinola et al [19] and Angelo et al 

[20] reported poor correlation between paired CD4+ T 
lymphocyte counts and TLC counts. 
Our results are consistent with study conducted by Akinola 
et al [19] who reported this in 38% of patients however S.M 
Alavi et al [18] reported only 18% of patients with TLC 
>1200 having low CD4 counts. It is obvious the findings of 
studies are conflicting. This difference can be due to many 
factors such as differences in racial, ethnic, socioeconomic 

and epidemiological conditions of HIV/AIDS patients, 
different male to female ratio in their study and variety of 
associated conditions i.e. concurrent viral infections which 
may have effect on lymphocytes and red blood cells. 
 In this study, we found TLC ≤ 1200, as suggested by WHO 
had a sensitivity of 30.8% and specificity of 97.2%. We also 
found that TLC of 1360 cells/µl was more sensitive than 
1200 cells/µl with an area under the curve (AUC = 0.875); 
Sensitivity 61.5 % and specificity 83.3% [SE± 0.032; 
Youdon index = 0.449] for a CD4 count < 200 cells/µl. 
However, at a TLC value of 1554 cells/µl the sensitivity 
increases to 81.7% but specificity decreases to 61.7%. 
Our findings are consistent with several other studies 
suggesting a higher cut off like N Kumasamy et al, [14] 

Adedeji David Atere et al, [21] Kakar A et al [22] and 
Ushakrishnan K et al [23] Studies from abroad have also 
concluded TLC as a equal predictor of disease progression 
and can be used as a cutoff for starting prophylaxis. Post FA 
et al [24] from South Africa, Spaeck et al [25] from U.S.A, 
Mwamburi et al [26] from Massachusetts and Blatt et al [27] 
The advantage of using a higher TLC is to reduce failure 
rate of finding eligible patients for ART who may be 
immuno-compromised and to initiate early prophylaxis 
against opportunistic infections. 
In this study optimal cut-off values of TLC to predict CD4+ 
T cell counts was found 1360 cells/µl. The optimal cut-off 
values described by others show great variation ranging 
from 1000 by Liu et al.28 to 2250 cells/µl by Moore et al [29] 
for a CD4+ T lymphocyte count <200 cells/µl. This variation 
can be explained by the influence of patient characteristics 
like age, parity, nutrition, co-infections etc.  
 
5. Conclusion 
Our findings in this study suggest that Total Lymphocyte 
count is a good surrogate marker for HIV management and 
has a strong positive correlation with CD4+ T lymphocyte 
count. We recommend a higher cut off i.e. 1360 cells/µl 
which would pick maximum number of patients having 
CD4+ T lymphocyte counts <200 cells/µl. 
 
6. References 
1. CDC. Pneumocystis pneumonia- Los Angeles. MMWR 

1981; 30:250-2  
2. UNAIDS Global Statistics of Fact Sheet 2015, 2016. 
3. Annual Reports 2015-2016 by National AIDS Control 

Organisation (NACO), Ministry of Health and Family 
Welfare, Govt. of India, New Delhi, 2016.  

4. Kandi Venkataramana. A Study of Biological Markers 
in HIV Disease Progression and Management in the 
Highly Active Antiretroviral Therapy (HAART) Era, 
American Journal of Bioscience and Bioengineering. 
2013; 1(2):24-37  

5. World Health Organization. Antiretroviral therapy for 
HIV infection in adults and adolescents: 
recommendations for a public health approach - 2010 
rev. (Monograph online). Austria: WHO press, 2010. 
(cited 2010 July 17). Available from: http:/ whqlibdoc. 
who. inti. publication s/20 I 01 

6. National Guideline for enumeration of CD4 by National 
AIDS Control Organization (NACO), Ministry of 
Health and Family Welfare, Govt. of India, New Delhi, 
2015. 

7. WHO: Scaling up antiretroviral therapy in resource-
limited settings: treatment guidelines for a public health 



 

~90~ 

InternationalJournalof Applied Research 
 

approach - 2003 revision (Monograph online). 
Switzerland: WHO press. 2004. (cited 2009 July 09). 
Available from: http://www.who.int /hiv/pub/prev 
3areieniarvrevision2003en.pdf. 

8. Anastos K, Shi Q, French AL, Levine A, Greenblatt 
RM, Williams C et al. Total lymphocyte count, 
haemoglobin, and delayed-type hypersensitivity as 
predictors of death and AIDS illness in HIV l infected 
women receiving highly active antiretroviral therapy. J 
Acquir Immune Defic Syndr. 2004; 35:383-92. 

9. Costello C, Nelson KE, Suriyanon V, Sennon S, 
Tovanabutra S, Heilig CM et al. HIV-I subtype E 
progression among northern Thai couples: traditional 
and non-traditional predictors of survival. Int J 
Epidemiol. 2005; 34:577-84. 

10. Lau B, Gange SJ, Phair JP, RiddIer SA, Dete1s R, 
Margolick JB. Use of total lymphocyte count and 
haemoglobin concentration for monitoring progression 
of HIV infection. J Acquir Immune Defic Syndr. 2005; 
39:620-5. 

11. Gange SJ, Lau B, Phair J, Riddler SA, Detels R, 
Margolick JB. Rapid declines in total lymphocyte count 
and hemoglobin in HIV infection begin at CD4 
lymphocyte counts that justify antiretroviral therapy. 
AIDS. 2003; 17:119. 

12. National Guideline for HIV Testing by National AIDS 
Control Organization (NACO), Ministry of Health and 
Family Welfare, Govt. of India, New Delhi. July 2015 

13.  Jain S, Singh AK, Bajaj J, Singh RP, Damle AS. 
Evaluation of total lymphocyte count (TLC) as a 
surrogate marker for CD4 count in HIV-positive 
patients for resource-limited settings. Muller J Med Sci 
Res. 2015; 6:23-6. 

14. Kumarasamy N, Mahajan AP, Flanign TP, Hemalatha 
R, Mayer KH, Carpenter CC et al. Total lymphocyte 
count (TLC) is a useful tool for the timing of 
opportunistic infection prophylaxis in India and other 
resource constrained countries. J Acquir Immune Defic 
Syndr. 2002; 31:378-83 

15. Chaudhary M, Kashyap B, Gautam H, Saini S, Bhalla 
P. Use of surrogate markers to predict the HIV disease 
stage and time to initiate antiretroviral therapy in 
developing countries. J Int. Assoc, Phys. AIDS Care. 
2008; 7:259-264. 

16. Fournier AM, Sosenko JM. The relationship of total 
lymphocyte count to CD4 lymphocyte counts in 
patients infected with Human Immunodeficiency Virus. 
Am J Med Sci. 1992; 304(2):79-82. 

17. Van Der Ryste KM, Joubert G, Steyn M. Correlation 
among total lymphocyte count, absolute CD4 + count 
and CD4 percentage in a group of HIV-1 infected South 
African patients. J Acquir Immune Defic Syndr and 
Human Retrovirology. 1998;19(3):238-44 

18. Alavi SM, Ahmadi F, Farhadi M. Correlation between 
Total lymphocyte count, Hemoglobin, Hematocrit and 
CD4 count in HIV/AIDS Patients. Acta Medica Iranica, 
2009; 47(1) 

19. Akinola NO, Olasode O, Adediran IA, Onayemi O, 
Murainah A, Irinoye O et al. The search for a predictor 
of CD 4 cell count continues. Total lymphocyte count is 
not a substitute for CD4 cell count in the management 
of HIV infected individuals in a resource limited 
setting. Clin Infect Dis 2004; 39:79-81. 

20. ALD Angelo, Angelo CD, Torres AJL, Ramos AMC, 
Lima M, Netto EM et al. Brazilian Journal of Infectious 
Diseases. 2007; 11(5):466-470. 

21. Adedeji David Atere, Bolaji David Akinbo, Adaobi 
Mary-Joy Okafor. Kelvin Ifeanyichukwu Egbuchulem 
and Emmanuel Ayodeji Akinola. Evaluating correlation 
between total lymphocyte counts and CD4 counts in 
monitoring HIV patients. Archives of Applied Science 
Research, 2016; 8(3):22-28 

22. Kakar AR, Beri A, Gogia SP, Byotra V, Prakash S, 
Kumar M et al. Absolute lymphocyte count: A cost-
effective method of monitoring HIV-infected 
individuals. Indian Journal of Pathology and 
Microbiology. 2011; 54(1):107-11 

23. Ushakrishnan K, Jayalaksmi G, Lakshmipriya N. Total 
Lymphocyte count - Can it be the replacement to CD4 
count for deciding Anti-retroviral therapy in HIV 
positive patients in resource constraint settings. 2013; 
2(10) 

24. Post FA, Wood R, Maartens G. CD4 and total 
lymphocyte counts as predictors of HIV disease 
progression. QJM. 1996; 89:505-508.  

25. Spacek LA, Griswold M, Quinn TC, Moore RD. Total 
lymphocyte count and hemoglobin combined in an 
algorithm to initiate the use of highly active 
antiretroviral therapy in resource-limited settings. 
AIDS. 2003; 17:1311-7. 

26. Mwamburi DM, Ghosh M, Fauntleroy J, Gorbach SL, 
Wanke CA. Predicting CD4 counts using total 
lymphocyte count: A sustainable tool for clinical 
decisions during HAART use. Am J Trop Med Hyg. 
2005; 73:58-62. 

27. Blatt SP, Lucey CR, Butzin CA, Hendrix CW, Lucey 
DR. Total lymphocyte count as a predictor of absolute 
CD4+ T cell count and CD4+ percentage in HIV-
infected persons. JAMA. 1993; 269:622 

28. Liu FR, Guo F, Ye JJ. Correlation analysis on total 
lymphocyte count and CD4 count of HIV-infected 
patients. International Journal of Clinical Practice. 
2008; 62:955-960. 

29. Moore DM, Awor A, Downing RS. Determining 
eligibility for antiretroviral therapy in resource-limited 
settings using total lymphocyte counts, hemoglobin and 
body mass index. AIDS Research and Therapy. 2007; 
4(1). 


