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Abstract 
Introduction: In resource-limited settings, due to the high cost of CD4 cell count testing, physicians must decide about opportunistic infection 

(OI) prophylaxis without a laboratory evaluation of HIV stage and level of immune suppression. This study aimed to evaluate the correlation 

of total lymphocyte count (TLC), an inexpensive laboratory parameter, to CD4 count, and to determine a range of TLC cut-offs for the 

initiation of OI prophylaxis that is appropriate for resource-limited settings. 

Methodology: Spearman correlation between CD4 count and TLC was assessed in patients attending the Anti-Retroviral Therapy (ART) 

centre at Mysore, India. Positive predictive value (PPV), negative predictive value (NPV), sensitivity, and specificity of various TLC cut-offs 

were computed for CD4 counts < 200 cells/mm3. Correlation and statistical indices were computed for all patients and for HIV patients with 

active tuberculosis. 

Results: Good correlation was noted between the 106 paired TLC and CD4 counts (r = 0.3497).TLC < 1200cells/mm3 had 88.14% sensitivity 

and 34.78% specificity for CD4 count < 200 cells/mm3. In those patients with active tuberculosis, TLC< 2000cells/mm3 had 95.24% 

sensitivity and 100% specificity for CD4 count < 200cells/ mm3. 

Conclusions: TLC could serve as a low-cost tool for determining when to initiate prophylaxis in resource-constrained settings. 
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Introduction   

In resource-limited settings, chemoprophylaxis 

for opportunistic infections (OIs) remains an 

important intervention that may improve quality of 

life, decrease morbidity, and lengthen survival of 

HIV-positive patients [1,2]. The enumeration of 

CD4+ T-lymphocytes in the peripheral blood is an 

essential tool for the laboratory monitoring of HIV- 

infected patients, both for the progression of disease 

and for the assessment of the outcome of the anti-

retroviral treatment [3]. 

A CD4 count of less than 200 cells/mm3 has been 

associated with increased risk of developing 

Pneumocystis carinii pneumonia (PCP) in HIV-

positive patients [4] and is the recommended 

reference point for initiation of cotrimoxazole 

prophylaxis [5]; however , in resource-limited 

settings, CD4 count testing is very expensive and is 

not widely available because of a lack of 

sophisticated equipment. 

Total Lymphocyte Count (TLC) is an 

inexpensive and widely available laboratory 

parameter, which is easily obtained from the routine 

complete blood count (CBC) with differential by 

multiplying percentage lymphocytes by leukocyte 

count [6]. The World Health Organization (WHO) 

has suggested that TLC in combination with clinical 

staging can be a useful marker of prognosis and 

survival in HIV-infected individuals, in areas where 

CD4 counts are not available [7]. 

There are very few studies examining the 

correlation of CD4 count to TLC in a cohort of HIV-

positive patients from India [8].There is also  little  

reported data regarding the correlation of TLC to 

CD4 counts in patients co-infected with HIV and 

tuberculosis (TB) [8,9].The need to assess TLC as a 

surrogate for CD4 count in patients with HIV and TB 

is underscored by the high prevalence of co-infection 

in resource-limited settings. Thus this study was 

conducted to evaluate the correlation of TLC to CD4 

counts in HIV-positive patients attending the Anti-

Retroviral Therapy (ART) centre in Mysore, 

Karnataka, which is one of the high-prevalence states 

in India [10]  and discuss the  role TLC could play in 

the management of OI prophylaxis in resource-

limited settings. 
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Methodology 

Study design and setting 

From August 2006 to August 2007, 108 HIV-

positive patients attending the ART Centre, K. R. 

Hospital, Mysore, India, were selected to participate 

in a prospective observational cohort study. K. R. 

Hospital, the largest government hospital in Mysore, 

provides comprehensive clinical care and counseling 

to HIV-positive patients from Mysore and 

surrounding districts through a dedicated ART centre. 

This study was approved by the ethics Committee of 

our institution. 

After providing informed consent for HIV 

testing, individuals voluntarily attending the 

Integrated Counseling and Testing Centre (ICTC) at 

the Department of Microbiology, Mysore Medical 

College and Research Institute, Mysore (or any of the 

Government designated ICTCs), underwent pre-test 

counseling by male or female ICTC counselors, 

followed by HIV testing per strategy III of the 

National AIDS Control Organization (NACO) 

guidelines (for HIV testing) [11]. After post-test 

counseling, those found HIV positive were referred 

to the ART Centre, K. R. Hospital, Mysore Medical 

College and Research Institute, Mysore, where they 

underwent pre-ART counseling. After clinical 

evaluation, informed consent was taken from these 

patients and they were enrolled into the study if they 

satisfied the inclusion criteria. 

 

Inclusion criteria 

The inclusion criteria were as follows: 

individuals should be above 18 years of age, proven 

to be HIV-positive, and should not be on prior anti-

retroviral therapy. Those individuals found to be 

HIV-seronegative and those on prior ART were 

excluded. 

Those found eligible for ART per the WHO 

guidelines [7] were started on anti-retroviral therapy. 

CD4 counts and total lymphocyte counts obtained on 

the same day were determined by chart review and 

recorded as pairs. Chart review also included 

documentation of age, sex, and diagnosis of active 

pulmonary TB. Diagnosis of TB was based on 

consistent history, physical exam, and positive 

sputum tests for acid-fast bacilli or radiologic 

features compatible with pulmonary TB. 

Standard treatment of TB consisted of isoniazid 

and rifampicin for six to nine months with 

ethambutol and pyrazinamide during the initial two 

months per the Revised National Tuberculosis 

Control Programme (RNTCP) guidelines [10]. 

The CD4/CD3 enumeration was done using the 

single-platform BD FACS CaliburTM machine 

(Becton, Dickinson and Company, San Jose, United 

States of America), by strictly following the 

manufacturer’s instructions. Internal quality control 

was performed with process controls using the 

manufacturer’s recommendations. External quality 

control was performed through an external quality 

assurance programme with the National AIDS 

Research Institute (NARI), Pune, India. 

TLC was derived from the CBC by multiplying 

lymphocyte percentage by the white blood cell count. 

Correlation between CD4 count and TLC was 

assessed by computation of Spearman rank order 

correlation for all paired counts. Sensitivity, 

specificity, positive predictive value (PPV), and 

negative predictive value (NPV) of various TLC 

ranges were also computed for CD4 count lower than 

200 cells/mm3. Assessment of correlation using the 

above methods was performed for all paired counts 

as well as for paired counts in patients with active 

TB. 

All statistical analyses were performed using 

SPSS software (version 16.0, SPSS, Chicago, USA). 

 
Results 

During the study period, 108 patients generated 

106 paired TLC and CD4 counts. The mean age was 

34.69 years. Of the 108 patients, 71 (65.74%) were 

males and 37 (34.26%) were females. The mean CD4 

count and mean TLC at baseline were 129.65 ± 

76.84cells/mm3 and 1262.96 ± 738.98 cells/mm3, 

respectively. Seventy (64.8%) of the 108 patients 

were from rural areas and 96 (88.89%) had an 

income of less than US $1 per day.  Ninety (83.4%) 

of the patients stated that they acquired HIV through 

heterosexual intercourse. In all, 25 patients had active 

tuberculosis.  

All paired CD4 count and TLC (n = 106) showed 

good correlation by Spearman correlation analysis (r 

= 0.3497 [corrected for ties]; 95% confidence 

interval: 0.1647 to 0.5109; the two-tailed P value is 

0.0002, which is considered significant). Detailed 

correlation analyses of different TLC values for CD4 

count are shown in Table 1. 

The significantly highest sensitivity value for CD4 < 

200 cells/mm3 was observed at TLC < 1000 

cells/mm3 (P 0.0062), whereas the highest positive 

predictive value was seen at TLV < 1300 cells/mm3. 
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Table  1. Positive predictive value (PPV), negative predictive value (NPV), sensitivity and specificity of TLC for CD4 count 

<200 cells/mm3 in all paired counts (n = 106) 

 

TLC(cells/mm3) PPV (%) NPV (%) Sensitivity (%) Specificity (%) 

<2000 68.28 27.27 90.36 7.9 

<1900 69.52 28.57 87.95 11.11 

<1800 79.78     29.41     85.54 21.74 

<1700 80.68 33.33 85.54     26.09     

<1600 79.52 26.09 79.52 26.09 

<1500 79.75 25.93 75.90 30.43 

<1400 79.73 25.00 71.08 34.78 

<1300 82.35 27.03 67.47 45.45 

<1200 63.41 69.57 88.14 34.78 

<1100 58.54 73.91 88.89 33.33 

<1000 46.99 86.36 92.86 30.16 

 
Table 2. PPV, NPV, sensitivity and specificity of TLC for CD4 count <200 cells/mm3 in all paired counts (n = 25) from 

patients with active tuberculosis 

 

TLC(cells/mm3) PPV (%) NPV (%) Sensitivity (%) Specificity (%) 

<2000 100 80.00 95.24 100 

<1900  82.61 0.00 90.48 0.00 

<1800  82.61 0.00  90.48 0.00 

<1700  82.61 0.00  90.48 0.00 

<1600 80.95 0.00 80.95 0.00 

<1500 80.00 0.00 76.19 0.00 

<1400 80.00 0.00 76.19 0.00 

<1300 84.21 16.67 76.19 25.00 

<1200 83.33 14.29 71.43 25.00 

<1100 87.50 22.22 66.67 50.00 

<1000 92.31 25.00 57.14 75.00 

 

 

Using a TLC cut-off of 1,200 cells/mm3 or less would 

identify 88.14% of patients with a CD4 count of < 

200 cells/mm3.  However, the specificity was less 

(34.78%). 

Correlation analyses were also performed for 

patients with active TB. The Spearman correlation 

coefficient for all paired CD4 count and TLC (n =  

 

25) in these patients was 0.3685 with a 95% 

confidence interval (-0.0436 to 0.6734); and the two-

tailed P value was 0.0699. The result is marginally 

significant [12]. The positive predictive value, 

negative predictive value, sensitivity, and specificity 

of TLC for CD4 count < 200 cells/mm3 are listed in 

Table 2. 
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TLC 1900-2000 cells/mm3 would identify 

95.24% of co-infected patients with a CD4 < 200 

cells/mm3 (the two-sided P value is 0.0004, which is 

considered extremely significant). 

 
Discussion 

In this study, we have demonstrated that TLC, a 

widely available and inexpensive parameter, can be 

used in place of CD4 count as a routine marker of 

immune status and trigger for OI prophylaxis.  

In this cohort of Indian patients, there was a good 

correlation between TLC and CD4 count by 

Spearman rank order correlation (r = 0. 3497), 

indicating a moderately positive association between 

TLC and CD4 counts. However,  Spearman 

correlations between TLC and CD4 count reported in 

North America (r = 0.77) [13], England (r = 0.76) 

[14] and India (r = 0.744) [8] were higher when 

compared with the results of this study. This 

difference could be due to the small size of the 

current study sample. 

We found that a TLC < 1200 cells/mm3 had a 

63.41% PPV, 69.57% NPV, and was 88.14% 

sensitive, and 34.78% specific, for a CD4 count < 

200 cells/mm3. This shows that the WHO prescribed 

limit of TLC < 1200 cells/mm3 [7] is a sensitive 

marker, when used as a surrogate for CD4 < 

200cells/mm3. However, it was not a specific marker.  

 

Selecting TLC cut-offs for prophylaxis administration 

The determination of which TLC cut-offs to use 

as markers for initiating cotrimoxazole prophylaxis 

should be made on a regional basis so that variations 

in OI incidence, antimicrobial resistance patterns, and 

availability and accessibility of the drug can be 

accounted for. 

In general, higher TLC cut-offs that maximize 

sensitivity should be used in regions with high OI 

morbidity that is preventable by cotrimoxazole, and 

where incidence of these infections occurs at an 

earlier clinical stage. By maximizing sensitivity, 

patients most at risk for OI by the CD4 count 

threshold criteria of < 200 cells/mm3 are most likely 

to receive prophylaxis [8]. As a guideline for 

initiating prophylaxis in this case, we would 

recommend the WHO prescribed TLC < 1200 

cells/mm3 for CD4 count < 200 cells/mm3.  

In general, lower TLC cut-offs that maximize 

positive predictive value should be used in regions 

where rates of antimicrobial resistance to 

cotrimoxazole and toxicity of the drug are increasing 

and/or where cotrimoxazole supply or ability to pay 

for long-term prophylaxis is a problem. Some experts 

have suggested that widespread use of cotrimoxazole 

in sub-Saharan Africa may result in resistance in such 

pathogens as non-typhoidal Salmonellae, 

Pneumococci and even Plasmodium falciparum, 

because sulfadoxine-pyrimethamine is used as a first-

line therapy for malaria in many African countries 

[15].  

By maximizing positive predictive value, patients 

who receive cotrimoxazole are most likely to be at 

risk for OIs and would most benefit from 

prophylaxis. However, a number of patients with a 

CD4 count less than the threshold criteria, who are 

also at risk, would not receive prophylaxis as 

indicated by the lower sensitivities of lower TLC cut-

offs relative to higher TLC cut-offs. As a guideline 

for initiating prophylaxis in this case, we would still 

recommend selecting a TLC < 1,200 cells/mm3 for a 

CD4 count < 200 cells/mm3. 

 

TLC in patients with tuberculosis 

Although TB is an AIDS-defining illness, 

consensus about starting cotrimoxazole prophylaxis 

in all HIV–TB co-infected patients has not been 

reached. Some clinicians cite the risk of developing 

cotrimoxazole resistance, cost to the patient, and 

excessive pill burden as reasons for using the CD4 

count or TLC for determining prophylaxis in patients 

with TB [16]. 

In India, TB is the most common OI with an 

estimated 62% of HIV-positive patients affected [17]. 

Due to potential fluctuations in CD4 count related to 

TB-related immune activation [18]  and anti-TB 

therapy [9], an additional objective of this study was 

to confirm the correlation of TLC to CD4 count in a 

cohort of patients co-infected with TB and HIV [9].  

In a South African cohort of co-infected TB–

HIV-positive patients on isoniazid, rifampicin, and 

pyrazinamide for one month, Martin et al. [12] found 

that a TLC of less than 1,400 cells/mm3 had a 

positive predictive value and sensitivity between 80-

85% for a CD4 count of less than 200 cells/mm3. In 

an Indian study, Kumaraswamy et al. found that a 

TLC of less than 1600 cells/mm3 had a positive 

predictive value and sensitivity of 77% and 86%, 

respectively, for a CD4 count of less than 200 

cells/mm3 [8]. But, in our study, we found that a TLC 

of less than 2000cells/mm3 had a positive predictive 

value and sensitivity of 100% and 95.24 % 

respectively, for a CD4 count of less than 

200cells/mm
3
. However, more prospective 

longitudinal studies of CD4 count, TLC, and 
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incidence of tuberculosis among HIV-positive 

patients of different ethnic groups and regions are 

needed to establish optimal region-specific 

prophylaxis guidelines. 

The main limitation of this study was the small 

size of the study sample, which was due to lack of 

any financial support and the high cost of conducting 

the CD4 testing. 

In conclusion, this study has demonstrated that 

TLC could serve as a low-cost tool for determining 

when to initiate OI prophylaxis in resource-limited 

countries. 
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