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Abstract 
 

Background: Tuberculosis is one of the most common diseases among HIV-infected patients. A person with a 
positive tuberculin skin test (TST) acquiring HIV infection has a 3-13% annual risk of developing active tubercu-
losis. The diagnosis of TB in HIV infected patients may be difficult. QuantiFERON-TB Gold (QFT-G) test is a 
novel method as an aid for diagnosis of Mycobacterium tuberculosis infection. We evaluated the association 
between TST and QFT-G test in latent TB infection (LTBI) and TB in HIV-infected patients.  
 
Methods: One hundred and seventy six HIV-infected subjects from Shiraz Consultation and Behavioral Modifica-
tion Center (SCBMC) entered our study. The individuals were screened for TST, using 5TU purified protein de-
rivative (PPD). Also, blood sample was provided for QFT, measuring INF-γ response to M. tuberculosis antigen.  
 
Results: Of 176 participants, 98.3% returned for evaluation of TST results. Among them, 63% and 37% were 
negative and positive for TST, respectively. All the participants returned for QFT-G sampling. Of them, 64.8% 
and 27.8% were respectively negative and positive for the test and 7.4% showed undetermined results. The 
agreement between PPD and QFT-G in their negative results was 39.9% and 8.1% in their positive results and 
the overall agreement was 50%. Disagreement of TST-/QFT+ was noticed in 19.7% of the subjects and 
TST+/QFT- disagreement in 24.9%. CD4+ count <100 mm3 was seen in 5.9%, ≥100 and < 200 mm3 in 17.1% and 
CD4+ T cell count ≥ 200 mm3 in 76.9% of subjects. 
 
Conclusion: As the agreement rate between QFT-G and TST in HIV-infected patients was fair, a strategy of 
simultaneous TST and QFT-G testing would maximize the potential for LTBI diagnosis in HIV-infected subjects. 
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Introduction 
 
Mycobacterium tuberculosis continues to be a major 
health issue in many parts of the world. Tuberculosis 
(TB) is one of the most common diseases among HIV-
infected patients1 with estimated 13 million people 
worldwide currently infected with both HIV and TB.2  

A person with a positive tuberculin skin test (TST) 
who has acquired HIV infection has a 3-13% annual 
risk of developing active tuberculosis. A new TB in-
fection acquired by an HIV-infected individual may 
evolve to active disease in a matter of weeks rather 
than months to years.1 The diagnosis of TB in HIV-
infected patients may be difficult not only because of 
the increased frequency of sputum-smear negativity 
(up to 40% in culture proven pulmonary cases) but 
also because of atypical radiographic findings, lack of 
classic granuloma formation in the late stages, and a 
negative TST. Delay in treatment may be fatal. 
Worldwide, approximately one-third of all AIDS-
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related deaths are associated with TB.1 
Diagnosis and treatment of latent TB infection 

(LTBI) are essential for TB control and elimination. 
LTBI has an important role in HIV-infected individu-
als as they may show a higher rate of progression to 
an active TB disease than HIV-uninfected subjects, 
even with the effective use of antiretroviral therapy 
(ART).2,3 However, LTBI diagnosis is traditionally 
based on the TST.2 Some problems may be noticed 
with the TST which is limited by the need for two 
visits, the subjective nature of test interpretation, and 
false positive reaction from Bacille Calmette-Guerin 
(BCG) vaccination and non-tuberculous Mycobacte-
rium exposure. In addition, HIV-infected patients 
demonstrate a higher rate of energy, especially with 
advanced immunosuppression.4,5  

Newly developed interferon-gamma (INF)-γ re-
lease assays (IGRAs) by the use of M. tuberculosis 
specific antigens, early secreted antigens target 6 
(ESAT-6) and culture filtrate protein 10 (CFP-10) 
showed a promise as an alterative diagnostic tool for 
LTBI.2 However, there are limited data describing 
IGRA performance in HIV-infected individuals, 
whose immunologic impairment may affect the per-
formance in these lymphocyte-based assays.6 

To better understand the IGRA use in HIV-
infection, we compared the performance of Quan-
tiFERON-TB Gold In- tube test QFT with TST for 
the diagnosis of LTBI and active TB disease in sub-
jects in southern Iran. 
 
 
Materials and Methods 
 
From January to September 2008, 176 HIV-infected 
patients who were under follow-up of an infectious 
disease specialist in Shiraz Consultation and Behav-
ioral Modification Center (SCBMC) in Shiraz, south-
ern Iran were enrolled. The age range of the partici-
pants was 18-60 years and they were of both genders. 

The inclusion criteria were HIV infection docu-
mented with serial ELISA and Western-Blot tests. 
The exclusion criteria were absence of return of pa-
tients in 48-72 hours to have the TST evaluation.  

A full physical examination and chest radiography 
were performed for all the participants. Sputum acid-
fast stain and TB culture were done for all the patients 
suspected with active pulmonary tuberculosis based on 
clinical symptoms and radiographic examination.  

For the patients who were suspected of having ex-
tra-pulmonary tuberculosis, invasive procedures  

including tissue biopsy, acid fast stain and Mycobacte-
rium culture of the tissue sample were carried out. The 
final diagnosis was made on the basis of all clinical, 
radiological, microbiologic and pathological informa-
tion, and an active pulmonary TB was confirmed by 
isolation of M. Tuberculosis from sputum samples.  

TST was performed for all the patients by an ex-
pert, using 5 units of PPD in volar aspect of the fore-
arm. Any induration was measured in millimeter after 
48 to 72 hours. We used the 5 mm induration as a posi-
tive cut off value for the TST.1In QuantiFERON- TB 
Gold In-Tube (IT), two collection tubes including Nil 
control and TB antigen were used. For each subject, 1 
ml of the whole blood was provided by venipuncture 
and transferred directly into each of the QFT-Gold IT 
blood collection tubes. After incubating of the tubes at 
37oC, harvesting of the plasma was facilitated by cen-
trifuging tubes for 15 minutes at 2000 to 3000 RCF 
(g). All the plasma samples and reagents except for 
conjugate 100x concentrate were brought to room 
temperature (22oC±5oC) before use and allowed at 
least 60 minutes for equilibration. The kit (Quan-
tiFERON-TB, Gold, In-Tube Method, Cellestic, UK) 
was standardized as instructed by the manufacturer. 

Statistical analyses were performed, using SPSS 
software (version 11.5, Chicago, IL). In the subjects 
with active tuberculosis, the results of PPD and QFT-
G were compared with diagnostic Gold standard, and 
sensitivity and specificity, negative predictive values 
(NPVS) and positive predictive values (PPVS) were 
obtained. 

INF-γ production in response to antigens stimula-
tion was expressed as trichotomous (positive, nega-
tive, indeterminate). The agreement rate between the 
tests was determined, using Kappa coefficients 
(K=0.00=poor agreement, K=0.01-0.2=slight agree-
ment, K=0.21-0.4=fair agreement, K=0.41-
0.6=moderate agreement, K=0.61=0.8=substantial 
agreement, K=0.81-1.00=perfect agreement).7 For the 
present study, TST results were analyzed in millime-
ters using <5 mm, ≥ 5 and <10, ≥10 mm as cutoffs. 
CD4+ T cell count was divided into three groups in-
cluding CD4+ cell count <100 mm3, ≥ 100 and <200 
mm3 and ≥200 mm3. 
 
 
Results  
 
The median age was 38 years (range=23-60 years) in-
cluding 170 (96.6%) men and 6 (4.4%) women. The 
median T-cell CD4+ count was 360 cell/mm3 
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(range=34-1300 cell/mm3) and median T-cell CD4+ 
nadir was 129 cell/mm3 (range=34-200 cell/mm3). A 
total of 176 subjects underwent TST but 3 subjects did 
not return for any evaluation within 48 to 72 hours.  

One-hundred and nine subjects (63%) had nega-
tive TST (PPD<5 mm) with median induration of 
zero mm (range=0-4 mm), 41 (23.7%) had 5 ≤ PPD< 
10 mm and 23 (13.3%) had PPD more than 10 mm. 
The subjects with positive TST (PPD ≥ 5mm) had 
median induration of 8 mm (range=5-30 mm). 

Table 1 shows the association between CD4 count 
and PPD results. T-cell CD4+ count result was avail-
able for 152 subjects, among whom ninety four sub-
jects had PPD less than 5 mm, 36 had ≥5 and <10, 
and 22 had ≥10 mm. Table 2 demonstrates the asso-
ciation between CD4 count and QFT-G measures in 
152 patients. QFT-G testing yielded negative results 
in 114 subjects (64.8%), positive in 49 (27.8%) and 
indeterminate in 13 subjects (7.4%). 

Of 176 subjects, 173 had valid TST and QFT-G 
results, with 109/173 (63%) having PPD <5 mm, of 
whom 69/109 (63.3%) had negative QFT-G results, 
34/109 (31.2%) had positive and 6/109 (5.5%) had 
indeterminate QFT-G results. 41/173 subjects 
(23.7%) had PPD ≥5 and <10 mm, with 28/41 sub-
jects (68.3%) having negative, 7/41 (17.1%) positive 
QFT-G and 6/41 (14.6%) indeterminate results. Of 
171 subjects, 23 (13.3%) had PPD ≥10 mm, with 
15/23 (65.2%) having negative, 7/23 (30.4%) positive 
and 1/23 (4.4%) indeterminate QFT-G results. The 
agreement rate of QFT-G and TST was 0.364 
(K=0.039, 95% CI=0-0.2156). 

Of 176 subjects, 11 (6.3%) had active TB among 
them, with 7/11 (63.6%) having negative QFT-G 

results, 4/11 (36.4%) positive and no one had inde-
terminate results. Of 176 subjects, 165 (93.8%) were 
without TB disease. Among them, 107 (64.8%) had 
negative, 45 (27.3%) positive QFT-G results and 13 
(7.9%) had indeterminate results. The agreement rate 
between QFT-G and TB disease was 0.68 (K=0.03, 
95% CI= 0.087%-0.139%). The sensitivity of QFT-G 
in TB disease was 36.4% and the specificity was 
70.4%. The positive predictive value (PPVS) of QFT-
G in TB disease was 8.2% and the negative predictive 
value (NPVS) was 93.9%. Of 11 HIV positive indi-
viduals with TB disease, 5 (45.5%) had PPD <5 mm 
and 6 (54.5%) had PPD ≥ 5 mm. Of 162 subjects 
without TB disease, 104 (64.2%) had PPD <5 mm 
and 58 (35.8%) had PPD ≥ 5 mm. The agreement rate 
between TB disease and PPD was 0.636 (K=0.06, 
95% CI=-0.04-0.156). The sensitivity of PPD in TB 
disease was 54.5% and the specificity was 64.2%. 
The positive predictive value of PPD in TB disease 
was 9.4% and the negative predictive value 95.4%. 
 
 
Discussion  
 
In one study on 294 participants, it was shown that 
90% returned for TST evaluation. Among them, 70% 
had a TST within 48-72 hours, 9.3% positive TST 
and 90.7% negative TST results.2 In another study on 
160 subjects, 46.3% were HIV infected, among 
whom 81.8% had negative TST and 9.5% positive 
TST results.8 In Kamyar’s study, 638 HIV- infected 
patients were enrolled while 11.4% had active TB 
disease.9 In our study, the agreement rate between 
TST and QFT-G in their negative results was 39.9% 

Table 1: Correlation between CD4 and PPD in 152 patients. 
               CD4  
PPD 

<100 ≥ 100 
< 200 

≥ 200 Total 

< 5  8 (8.5%) 19 (20.2%) 67 (71.3%)   94 (100%) 
5 ≤ PPD  
  < 10 

1 (2.8%)   5 (13.9%) 30 (83.3%)   36 (100%) 

PPD ≥ 10 0 (0.00%)   2 (9.1%) 20 (90.9%)   22 (100%) 
    152 

 
 
Table 2: Correlation between CD4 and QFT-G in 152 patients. 
               CD4  
QFT 

<100 ≥ 100 
< 200 

≥ 200 Total 

+ 2 (4.5%) 12 (27.3%)   30 (68.2%)   44 (100%) 
- 6 (6.2%) 13 (13.4%)   78 (80.4%)   97 (100%) 
indeterminate 1 (9.1%)   1 (9.1%)     9 (81.8%)   11 (100%) 
Total 9 26 117 152 
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and 8.1% had agreement in their positive results. The 
overall agreement was 50%. 

TST-/QFT+ results were found in 19.7% of the 
subjects, which may be due to false-positive QFT-G 
results or to relatively increased sensitivity of QFT-G 
over PPD. TST+/QFT- was found in 24.9% of the sub-
jects while these results may be due to exposure to 
atypical Mycobacterium which cannot be excluded or 
due to a previous BCG vaccination.2 In Annie et al.’s 
study, 85.2% had agreement in their negative and 
4.1% in their positive results. TST positive/QFT 
negative disconcordant results were found in 5.1% of 
the subjects and TST negative/QFT positive discon-
cordant results in 45% of the subjects. The overall 
agreement between TST and QFT was 39.3%.2 In the 
absence of a diagnostic gold standard for LTBI, the 
terms sensitivity and specificity were not applicable 
for LTBI, but in TB disease we obtained 36.4% sensi-
tivity for QFT-G and 70.4% specificity. The negative 
predictive value (NPV) of QFT-G was 93.9% and the 
positive predictive value (PPV) 8.2%. Among 11 sub-
jects with active tuberculosis, 63% had negative and 
36.4% had positive QFT-G results and indeterminate 
results were not observed in any subject with active 
tuberculosis. The agreement between QFT-G and TB 
disease was slight (K=0.03, CI 95%=-0.087%-
0.139%). In HIV-infected subjects with TB disease, 
the sensitivity of PPD in 5 mm cutoff was 54.5%, the 
specificity was 64.2%, the NPV was 95.4% and the 
PPV was 9.4%. The agreement between PPD and TB 
disease was slight (K=0.06, CI 95%=-0.04-0.156). 
So, the sensitivity of PPD in 5 mm cutoff for TB dis-
ease was more than QFT-G, but the specificity of 
QFT-G while excluding indeterminate results was 
more than the figure for PPD. The NPV and PPV of 
PPD and QFT-G in TB disease were slightly similar. 

In CDC issue guideline on the use of QFT-G in 
persons with untreated culture-confirmed TB, the 
sensitivity of QFT-G for detecting M. tuberculosis 
was reported 80% but the sensitivity in specific sub-
groups of TB patients such as immunocompromised 
ones is still unknown. For LTBI, the QFT-G sensitiv-
ity might be less than that of TST. Identical to nega-
tive TST results, the negative QFT-G results alone 
might be difficult to exclude M. tuberculosis infection 
in immunocompromised persons. QFT-G can be used 
in all circumstances in which TST is used. In this 
guideline, the positive QFT-G results regardless of 
their symptoms or findings, the person should be 
evaluated for TB disease before LTBI is diagnosed.10 

In Puneet’s study, the sensitivity of QFT-G test 
was evaluated for the detection of TB among 242 per-
sons in Sanfrancisco, CA and 37 subjects had a cul-
ture-confirmed TB. Excluding one of the indetermi-
nate results, 64% of the subjects had positive results, 
using the QFT-G assay. The 64% sensitivity suggests 
that QFT-G assay should not be used alone to exclude 
any active tuberculosis.11   

Regarding the significant risk of reactivation of 
LTBI among HIV infected subjects, Annie et al. re-
ported a simultaneous screening for both TST and 
QFT-G to minimize false-negative tests and the 
missed opportunities for LTBI therapy.2 In Young et 
al.’s study, the sensitivity of QFT-G for active pul-
monary TB was 86% and the specificity was 49%. 
The NPV of QFT-G was 84%, the PPV was 61%, the 
sensitivity of PPD was 68%, the specificity was 51%, 
the NPV of PPD was 41%, and the PPV was 55%.12  

In our study, the CD4+ T cell count<100 mm3 was 
5.9%. 17.1% had 100≤CD4+<200 mm3 and 77% had 
CD4+≥ 200 mm3. The median CD4+ T cell count was 
360 cell/mm3. In the subjects with CD4+<100 mm3, 
12.5% had positive TST and 22.2% had positive 
QFT-G results. In the subjects with 100≤CD4+<200, 
26.9% had positive TST and 46.2% had positive 
QFT-G results. In those with CD4+≥200 mm3, 42.7% 
had positive TST and 25.6% had positive QFT-G re-
sults. We showed that a higher CD4+ cell count was 
correlated with a higher INF-γ release in response to 
TB antigen2 and a higher TST reaction. In Annier et 
al.’s study, the median CD4+ T cell count was 363 
and in 10.5% of the subjects with CD4 cell 
count<100 mm3, no person had TST and QFT-G posi-
tive results. In 37.8% of the subjects with 
100≤CD4+<350, 37% of the subjects had positive 
TST and 24% had positive QFT-G results and in 
51.7% with CD4+>350, 63% of the subjects had posi-
tive TST and 76% had positive QFT-G results.2 

Our study had several limitations such as subjects 
with TB diagnosis who received anti-TB treatment 
and subjects with LTBI who received INH therapy. In 
addition, the HIV infected persons had a higher rate 
of anergy particularly with advanced immunocom-
promision.4,5 Similar to TST,4,13,14 QFT-G may be less 
sensitive in advanced HIV disease. Among our pa-
tients with TB disease, the sensitivity of PPD in 5 mm 
cut off was more than QFT-G but the specificity of 
QFT-G while excluding undetermined results was 
more than PPD. As the agreement rate between QFT-
G and TST in HIV-infected patients was fair, a strat-
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egy of simultaneous TST and QFT-G testing would 
maximize the potential for LTBI diagnosis in HIV-
infected subjects.  
 
 
Acknowledgments 
 
I would like to thank the Office of Vice Chancellor 

of Shiraz University of Medical Sciences for finan-
cial support and the personnel of Gasteroenterohepa-
tology research center of Shiraz University Medical 
Sciences especially Mr. Saeed Amirzadeh for excel-
lent cooperation. 
 
Conflict of interest: None declared. 

 
 
References 
 

 
 
 

1 Mario CR, Richard JB. Tuberculosis. 
In: Fauci AS, Hauser SL, Longo DL, 
Jameson JL, editors. Harrison’s 
Principles of Internal Medicine 17th 
Edition: New York: Mc GrawHill, 
2008; pp. 1013-1015. 

2 Luetkemeyer AF, Charlebois ED, 
Flores LL, Bangsberg DR, Deeks 
SG, Martin JN, Havlir DV. Compari-
son of an Interferon-gamma Re-
lease Assay with tuberculin skin 
testing in HIV-infected Individuals. 
Am J Respir Crit Care Med 
2007;175(7):737-742. [17218620] 
[doi:10.1164/rccm.200608-1088OC]  

3 Mol CJ, Koethe SM. QuantiFERON-
TB GOLD-An innovation in tubercu-
losis screening. AAOHN J 2006; 
54(6):245-7. [16800401]  

4 Caiaffa WT, Graham NM, Galai N, 
Rizzo RT, Nelson KE, Vlahov D. In-
stability of delayed-type hypersensitiv-
ity skin test anergy in human immuno-
deficiency virus infection. Arch Intern 
Med 1995;155:2111-7. [7575072] 
[doi:10.1001/archinte.155.19.2111] 

5 Duncan LE, Elliott AM, Hayes RJ, 
Hira SK, Tembo G, Mumba GT, 
Ebrahim SH, Quigley M, Pobee JO, 
McAdam KP. Tuberculin sensitivity 
and HIV-1 status of patients attend-
ing a sexually transmitted diseases 
clinic in Lusaka, Zambia: a cross-
sectional study. Trans R Sec Trop 

Med Hyg 1995;89:37-40. [7747304] 
[doi:10.1016/0035-9203(95)90649-5] 

6 Brock I, Ruhwald M, Lundgren B, 
Westh H, Mathiesen LR, Ravn P. 
Latent tuberculosis in HIV positive, 
diagnosed by the M. tuberculosis 
specific interferon-gamma test. 
Respir Res 2006;7:56. [16579856] 
[doi:10.1186/1465-9921-7-56] 

7 Sim J, Wright CC. The Kappa statis-
tic in reliability studies: use, interpre-
tation, and sample size require-
ments. Phys Ther 2005;85:257-268. 
[15733050] 

8 Rangaka MX, Wilkinson KA, Seldon 
R, Van Cutsem G, Meintjes GA, 
Morroni C, Mouton P, Diwakar L, 
Connell TG, Maartens G, Wilkinson 
RJ. Effect of HIV-1 infection on T-
cell based and skin test detection of 
tuberculosis infection. Am J Respir 
Crit Care Med 2007;175:514-20. 
[17158278] 
[doi:10.1164/rccm.200610-1439OC] 

9 Alaei A, Mansouri SB, Alaei K. Inci-
dence of TB in HIV positive patients 
in Kermanshah 1376-1379. Med J 
Mazandaran Univ 2002; 12(3):20-
28. (In Persian) 

10 Braclay L. CDC issues guidelines on 
use of QuantiFERON TB Gold test. 
2005; Available from http://www. 
medscape.com/viewarticle/52.274. 

11 Dewan PK, Grinsdale J, Kawamura 
LM. Low sensitivity of a whole- 
blood interferon-gamma release as-
say for detection of active tubercu-
losis. Clin Infect Dis 2007;44:69-73. 
[17143818] [doi:10.1086/509928] 

12 Kang YA, Lee HW, Hwang SS, Um 
SW, Han SK, Shim YS, Yim JJ. Use-
fulness of whole-blood-interferon-
gamma assay and Interferon-gamma 
enzyme-linked Immunospot assay in 
the diagnosis of active pulmonary tu-
berculosis. Chest 2007;132:959-65. 
[17505029] [doi:10.1378/chest.06-
2805] 

13 Jones-López EC, Okwera A, Ma-
yanja-Kizza H, Ellner JJ, Mugerwa 
RD, Whalen CC. Delayed-type hy-
persensitivity skin test reactivity and 
survival in HIV-infected patients in 
Uganda: should anergy be a crite-
rion to start antiretroviral therapy in 
low-income countries? Am J Trop 
Med Hyg 2006;74:154-61. 
[16407361] 

14 Fisk TL, Hon HM, Lennox JL, Ford-
ham von Reyn C, Horsburgh CR Jr. 
Detection of latent tuberculosis 
among HIV-infected patients after 
initiation of highly active antiretroni-
val therapy. AIDS 2003;17:1102-4. 
[12700468] [doi:10.1097/00002030-
200305020-00027] 

 

Archive of SID

www.SID.ir

http://www.irmj.ir

