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ABSTRACT 

For staging and survival, guiding treatment decisions and evaluating 

effectiveness of therapy of HIV/AIDS, CD4 testing is used as the gold 

standard. It is expensive to use in resource settings and there is a need 

for a less expensive surrogate marker to replace it. Several markers 

were studies in the past and Total Lymphocyte counts (TLC) was one 

the most studied worldwide. Since TLC varies according to ethnic 

groups, there is a need to assess the suitability for a particular 

population. This study sought to assess the suitability of TLC as a 

surrogate marker for CD4 count in Indian population. The data for the 

study was taken from 395 patients who were referred to a HIV clinical 

trial and tested for both CD4 count and TLC. The sensitivity, specificity and predictive values 

of various cut-off points of TLC were calculated. The decision theory based analysis was also 

carried out for various CD4 counts and their corresponding TLCs. The sensitivity and 

specificity of TLC in classifying HIV and AIDS based on CD4 as gold standard were about 

50% and 95% respectively. Hence we conclude the TLC seems to be not an adequate marker 

for HIV/AIDS classification in Indian population as the sensitivity was very low.  
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INTRODUCTION 

The virologic load and immunologic surrogate markers such as plasma HIV RNA copies 

(viral load) and CD4+ cell counts play important roles in survival, staging and evaluating 

therapies in AIDS clinical research. The CD4+ cell counts serve as a primary surrogate 

marker. The HIV infection causes a gradual loss of CD4 T-cell counts and this is used to 

monitor HIV disease progression throughout the world.[1-3] It has been established that the 

normal rages of CD4+ T-cell counts vary among different ethnic populations.[4-5] The CDC 
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(1993) classification of HIV combining 3 categories of CD4 counts with 3 categories of 

symptoms is used to guide clinical and therapeutic actions in the management of HIV 

infected adolescences and adults.[6] The CD4 T-cell classification of CDC is based on 7 data 

sources which exhibited lot of variations. Hence it is necessary to have revised classification 

rules for different populations based on their CD4 T-cell distributions.  

 
The CD4 count estimation is a costly method and serial CD4 count estimation for monitoring 

progression and ART evaluation is not practicable in limited resource settings. Even though 

the HIV RNA level (viral load) was shown to be more predictive than the CD4 counts, again 

the cost considerations make it not a viable alternative. More over the viral load and CD4 

counts are negatively correlated during ART. It has been suggested that combination of both 

the markers may be a better and appropriate. If a new simple and cost effective method is 

developed as a surrogate marker for HIV disease progression, it has enormous impact on the 

treatment and management of HIV/AIDS patients.  

 

The identification and improved use of intermediate markers of disease progression are 

therefore very important for early clinical decision making. One such surrogate marker 

considered worldwide is the Total Lymphocyte Counts (TLC).[7-8]  It has been reported that it 

has poor specificity and/or low sensitivity. But the results were based on small samples and 

centered on specific databases. Very little work has been carried out in the direction of 

construction of probability models to optimize the sensitivity and specificity and prediction of 

CD4 from TLC. This work was an attempt towards that direction.  

 

AIM 

The main aim of this paper is to evolve a prediction model that predicts CD4 count from TLC 

with minimum error and to formulate a decision rule for HIV staging based on TLC and to 

evolve cut off points for Indian population. 

 

METHODOLOGY 

HIV preferred targets are T helper cells that has a docking molecule called “Cluster 

Designation 4” (CD4) on their surfaces. Cells with this molecule are known are known as 

CD4-positive (CD4+) cells. Destruction of CD4+ lymphocyte levels appears to be the best 

indicator for developing opportunistic infections.[9] The rate of decline of CD4 counts in HIV 

patients has been determined at different levels and different ranges. The form of decline 

through time has been characterized non-linear curves.  
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A probability model was constructed to discriminate HIV patients at different cutoff points 

that optimize sensitivity and specificity (A weighted combination of both). A weighted non-

parametric approach was also used to formulate an optimal model that predicts CD4 from 

TLC with minimum error. The likelihood ratio method, receiver operating characteristic 

curve and precision-recall curve methodology were applied to optimize the classification 

error.  

 
The CD4 counts and TLC are in continuous measurement scales. Let X denote the random 

variable denoting the continuous measurements. The k be threshold value of X used to 

classify patients such that if X<k, the patients are classified as AIDS and X ≥k, non-AIDS. If 

the true states of the patients are known, then we have the usual two way table at k. 

 
Table 1: Validation Measures for a Marker against a gold standard 

Marker 
Gold Standard 

Diseased Non-Diseased Total 

X<k A B A+B 

X≥k C D C+D 

Total A+C B+D N 

 
The accuracy of such binary diagnostic test is commonly assessed by sensitivity and 

specificity. The sensitivity is the probability that the test correctly classifies a disease subject 

as diseased and specificity is the probability that the test correctly classifies non-diseased 

individual as diseased. If D denotes the true disease status, define D=1 as diseased and D=0 

as non-diseased, then from Table 1. 

Sensitivity = P(X+/D=1) = A/(A+C);      

Specificity = P(X-/D=0) = B/(B+D) 

False positive rate= P (D=0/X+) =B/(A+B); 

 False negative rate= P (D=1/X-) =C/(C+D)    ------------- (1) 

 
The likelihood ratios for diseased and non-diseased for any marker with cutoff point can be 

calculated as given in Table 2. 

 

 
 
 

Table 2: Likelihood Ratio based on gold standard. 

 Diseased Non-Diseased  
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Marker No Likelihood No Likelihood Likelihood Ratio 

<k A A/(A+C) B B/(B+D) A(B+D)/(B(A+C) 

≥k C C/(A+C) D D/(B+D) C(B+D)/(D(A+C) 

 A+C  B+D   

 
Based on decision theory approach, the expected gain in the CD4 counts can be calculated 

using the equation(2).  

                                g(k) = Σi Σj wij pij      i , j=1,2   ------------ (2) 

 

where pij are the weighted probabilities as given in Table 3. The optimum k can be obtained 

by evaluating g(k) for various values of k 

 
 Table 3: Decision theory weights 

 

 

 

 

 

Model: When evaluating a continuous scale test, both sensitivity and specificity depends on 

the test threshold and varies according variation of k. By considering all possible values of 

the threshold for X, a receiver operating characteristic (ROC) curve can be constructed as a 

plot of sensitivity against (1-specificity).  If Fd=(0,1) is the distribution function of the 

continuous scale X, for a patient with D=d (d=0, 1), the ROC curve of X can be written as  

ROC (p) =1-F1(F0(1-p))     -------------- (3) 

 
Where the false positive rate corresponding to the cutoff point k is in the domain of the 

distribution function F0. A vertical confidence interval for true positive rate(TPR)for a 

specified false positive rate(FPR) or a horizontal confidence interval for FPR for a specified 

TPR can be constructed often first in an unrestricted space and then transformed back to ROC 

space.[10] The transformations are carried out to improve large scale approximations. The 

non-parametric standard errors can be directly obtained or Greenhouse and Mantel type 

confidence rectangles or Kolmogorov –Smirnov type fixed width non-parametric bands can 

also be developed. The ROC gives equal weights to the full range of TPR and FPR where as 

only limited ranges may be of practical interest in AIDS studies. The partial area under the 

ROC between two fixed a priori values of specificities can be calculated.[11-13] The empirical 

ROC curve is always unsmooth and has a jagged form. Since the true ROC is a smooth 

function, the smoothing of non-parametric ROC curves can be derived from estimates of 

Marker 
Gold standard  

Diseased Non-diseased Total 

<k p11 (w11) p12(w12) p1. 

>=k p21(-w21) p22(-w22) p2. 

Total p.1 p.2 1 
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density or distribution of two test distributions. The degree of smoothness is determined by 

the choice of kernel and bandwidth. A semi-parametric approach can be considered by 

assuming monotone transformation of X that simultaneously makes both distributions 

normal. 

 

The Likelihood Ratio (LR) method can be used to generate an index which contrasts the 

proportions of patients with or without the target disorder given the level of a test. The 

likelihood ratio expresses the odds that a given diagnostic test result would be expected in a 

patient with as opposed to one without the disorder. The LR method has three important 

properties which when combined form a very powerful diagnostic strategy. First, the ratios 

are unaffected by the changes in the prevalence of the disorder and are more stable than 

sensitivity and specificity. Second, the LR can be calculated for several levels of the sign, 

symptom or test results rather than working at two levels. Thirdly the LR can be used in a 

powerful way to shorten a list of diagnostic hypotheses using the following equation: 

Pre-test Odds * LR = Post-test Odds     ---------------- (4)  

 
The post-test odds can be converted to post-test probability using the formula: 

Post-test Probability= Post-test-Odds/ (Post-test-Odds+1)  ---------------- (5) 

 

Database 

The database consists of 395 HIV patients with TLC and CD4 counts referred to a clinical 

trial at the National Institute for Research in Tuberculosis (formerly Tuberculosis Research 

Centre), Chennai.[14] The database is used to make empirical comparison between CD4 and 

TLC in classifying AIDS from HIV. Based on WHO criteria CD4<200 was taken as AIDS 

patients and CD4>200 as non-AIDS (HIV) patients. The aim is evaluate WHO criteria of 

TLC<1250 is a surrogate marker for CD4<200 and their practical utility in determining the 

optimal cutoff points based on CD4/TLC. 

 
RESULTS 

The mean (SD) of CD4 counts for different ranges of TLC are given in Table 4. From the 

table we see that the mean CD4 counts increase as the TLC increases. The mean CD4 was 

117 for TLC less than 1250. Table 5 gives the mean (SD) of TLC for difference ranges of 

CD4 counts. It is seen that for CD4 <200, the mean TLC was about 2000 much higher than 

the WHO cut off value 1250. The variances of CD4 on different ranges of TLC and variances 

of TLC on different ranges of CD4 varied markedly. 
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Table 4: Mean (SD) CD4 counts for different ranges of TLC   

 CD4 counts 

TLC Group N Mean S.D Min. Max 

<500 4 40.0 35.6 8 80 

500-750 23 47.4 40.4 6 151 

750-1000 14 105.0 80.4 16 315 

1000-1250 55 117.0 83.7 12 341 

1250-1500 27 170.7 99.0 39 351 

1500-1750 54 240.1 133.7 34 600 

1750-2000 27 309.1 190.8 36 684 

2000- 2250 45 324.3 163.2 42 792 

2250-2500 28 312.2 171.6 72 696 

>=2500 118 519.4 328.2 60 1980 

Total 395 303.0 265.1 6 1980 

 
Table 5: Mean (SD) TLC count for different ranges of CD4. 

CD4 Group N Mean S.D Min. Max 

<50 44 956.8 415.1 400 2100 

50-100 47 1506.4 761.4 400 3300 

100-150 40 1577.5 733.3 500 3600 

150-200 41 2036.6 1073.7 700 5100 

200-250 31 1832.3 593.5 1100 3500 

250-300 33 2178.8 765.6 1100 4900 

300-350 34 2361.8 1004.5 900 4900 

350-400 18 2127.8 534.5 1300 3400 

400-450 17 2235.3 525.5 1500 3500 

450-500 17 2576.5 716.4 1500 3800 

500-750 49 2698.0 760.3 1500 5200 

>=750 24 3979.2 1601.9 2200 9600 

Total 395 1085.2 1085 400 9600 

 

The proportions of patients whose CD4 counts are less than200 for different ranges of TLC 

are given in Table 6. When TLC was less than 750, 100% of the patients had CD4 less than 

200 and 92.9% for TLC range (750-1000) and 83.6% for TLC range (1000-1250). 

 

Table 6: Percentage of patients CD4<200 among different ranges of TLC 

TLC Group CD<200 

<500 100.0 

500-750 100.0 

750-1000 92.9 

1000-1250 83.6 

1250-1500 63.0 

1500-1750 40.7 

1750-2000 33.3 

2000- 2250 24.4 
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The proportion of patients who’s TLC was less than WHO cut off point of 1250 are given in 

Table 7. It is found that only 84% were TLC less than 1250 even in the extreme cases of 

CD4<50. For CD4 (150-200) it was only 24% indicating the wide variability in TLC. 

  
Table 7: Percentage of patients TLC <1250 among different ranges of CD4 

CD4 Group TLC<1250 

<50 84.1 

50-100 51.1 

100-150 37.5 

150-200 24.4 

200-250 12.9 

250-300 9.1 

300-350 8.8 

350-400 0.0 

400-450 0.0 

450-500 0.0 

500-750 0.0 

>=750 0.0 

Total 24.3 

 

Even though there is an increasing trend in the mean values of CD4 for increase in TLC, the 

range varies widely which makes the prediction of the regression model poor. Using the 

WHO classification rule of TLC<1250 for CD4<200, Table 8 presents the classification 

accuracy of TLC, considering CD4 as gold standard. The TLC marker has high specificity, 

but low sensitivity indicating that it is not an adequate marker to replace CD4. The positive 

and negative predictive values were moderate.  

 

Table 8: TLC vs CD4 counts agreement 

 

 

 

Sensitivity=50.0%, Specificity=95.5%, PPV=89.6%, NPV= 71.2%. 

 

 

2250-2500 32.1 

>=2500 15.3 

Total 43.5 

TLC 

CD4 counts 

 <200 ≥200 Total 

<1250 86 10 96 

≥1250 86 213 299 

Total 172 223 395 
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A weighted regression model was also fitted for the data and equation is given by  

CD4= 53.7 + 0.132 * TLC      ------- (6) 

 

The R value of 0.57, indicating that the weighted model fit is also not good. The predicted 

CD4 value for TLC 1250 was about 220 close 200, but the 95% confidence limits were (165, 

272) which is very wide indicating the limitation of the model for predicting CD4 given TLC. 

 

The likelihood ratios for TLC using CD as gold standard arealso given in Table 9. The 

likelihood ratio of 11.4 for TLC <1250 suggesting that the chance of CD4<200 is high. There 

is also high chance that CD will be less than 200 if TLC value is less than 1500. 

 
Table 9: Likelihood ratios for TLC (CD4<200 Vs CD4≥200) 

TLC Likelihood Ratio 

<1250 11.4 

1250- 2.1 

1500- 0.9 

1750- 0.6 

2000- 0.4 

>=2250- 0.3 

 
The loss function is the penalty paid when κ’ is not the estimate of k. Bayes estimates for a 

given loss function is one that minimizes the expected loss given the loss posterior 

distribution of the parameter: There are three common loss function approaches namely: 

Squared loss function (Bayes estimate is the mean of the posterior distribution), Absolute loss 

function (Bayes estimate is the median of the posterior distribution) and Zero-one loss 

function (Bayes estimate is the mode of the posterior distribution). The loss function 

approach also gave similar results indicating TLC is a poor predictor of CD4. 

 

DISCUSSION 

Depletion of CD4 cell subset of TLC has been noted as the hallmark of HIV infection and 

CD4 count has been established as the gold standard for survival prediction, staging of 

HIV/AIDS and guiding treatment decisions.  In areas where viral load and CD counts are not 

available WHO guidelines the use of TLC in conjunction with clinical data as a criteria for 

initiation of ART. In this study threshold analysis was done to find the ability TLC to 

predictCD4 counts at two levels namely CD4<200 and CD4≥200.  

 
The study found that a TLC of <1200 cells/mm3 had a sensitivity of 50% and specificity of 

95.5% for a CD4 count<200 cells/mm3 with a PPV of 89.6% and NPV of 71.2%. These 
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results indicate that the relationship between CD4 and TLC is only moderate. TLC at a cutoff 

of 1200 seems to be not a good surrogate marker for CD4 in this population. This finding is 

in consistent with others.[15-17] However there have been conflicting results that has been 

reported.[18-20] These differences could be due to ethnic, racial, epidemiological and 

socioeconomic factors.[21] 

 
CONCLUSION 

The findings of the study suggest that TLC is not an accurate tool that can serve as a 

surrogate marker in HIV patients. Further studies are needed to construct models adjusting 

for other confounding variable to increase the predictive values of TLC. 

 
Limitation 

The data base is part patients referred of major HIV study and the subjects were naïve for 

ART. Interpretation of the should be done with caution.  
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