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Abstract

Introduction: Tuberculosis (TB) is the most common opportunistic infection in human immunodeficiency 
virus (HIV)‑infected individuals. The risk of eventually developing active TB from latent TB infection (LTBI) 
is about 10% per year in HIV‑positive patients in contrast to 10% lifetime risk in HIV‑negative patients. Until 
recently, the tuberculin skin test (TST) was the only tool available for diagnosing LTBI. Interferon‑gamma 
release assays  (IGRAs) were recently developed and address many of the limitations of TST test, 
especially in immunocompromised state. Aims and Objectives: (1) To determine the prevalence of latent, 
active pulmonary, and multidrug‑resistant  (MDR)‑TB among HIV‑positive patients in and around Aligarh 
region; (2) sensitivity and specificity of TST and IGRAs for diagnosis of LTBI in HIV positive patients; and (3) to 
assess drug resistance and mutational patterns of the clinical isolates of MDR‑TB in HIV‑TB co‑infection. 
Materials and Methods: A cross‑sectional study was done on all the patients attended the ICTC centre, 
JNMC, AMU Aligarh, seropositive for HIV, i.e. 469 (sample size) for the study period of 2 years from October 
2015 to October 2017. All 469 HIV‑positive patients were screened for latent and active pulmonary TB. 
Diagnosis of TB (active and latent) was made using clinical, radiological, and microbiological tests. TST and 
IGRA testing along with CD4 cell counts were also determined. Line probe assay was also done to assess 
drug resistance and mutational patterns of MDR‑TB in HIV patients. Results: In our study, prevalence of HIV 
infection was 5.04%. Sixty‑seven (14.28%) patients were as active TB (HIV‑TB co‑infection), out of which only 
one patient (1.49%) was confirmed as MDR‑TB, 117 (24.94%) were diagnosed as LTBI. It was also evaluated 
that IGRA has more sensitivity (75%) and specificity (76%) than TST with sensitivity of 71.7% and specificity 
66%. Conclusion: As there is no gold standard test for latent TB, longitudinal follow‑up is needed to interpret 
discordant test results. There is a need to interpret negative QFT results with caution and to test for latent 
TB at higher CD4 counts, if possible. Interferon gamma assays can become better tool for diagnosis of 
especially for latent TB. However, more research study required for establish their relevance, especially in 
immunocompromised states.
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INTRODUCTION
Tuberculosis  (TB) is the most common 
opportunistic infection in human immunodeficiency 
virus  (HIV)‑infected individuals and is responsible 
for one‑third of HIV‑associated deaths.[1] In India 
alone, 2.5 million people are currently infected 
with HIV, of whom 40% are also coinfected with 
TB.[2] HIV increases the risk of re‑activation of 
latent TB infection  (LTBI) from approximately 
0.04  cases per 100 person years[2] to as high as 
more than 10/100 person years.[3‑5] Until recently, 
the tuberculin skin testing  (TST) was the only 
tool available for diagnosing LTBI. The risk of 
developing active TB in people with a positive TST 
is well defined,[6,7] and there is strong evidence 
in people with and without HIV coinfection that 
isoniazid prevention therapy  (IPT) reduces this 
risk.[8] However, false‑positive TST results can 
occur among persons who have been given the 
Bacille Calmette–Guérin  (BCG) vaccine or who have 
been exposed to nontuberculous mycobacteria and 
false‑negative results can occur in persons with 
impaired cellular immunity.[9] Interferon‑gamma 
release assays  (IGRAs) were recently developed 
and address many of these limitations. Previous 
systematic reviews have shown that, compared with 
the TST, IGRAs have a higher specificity in low TB 
incidence settings, correlate better with surrogate 
measures of Mycobacterium tuberculosis  (MTB) 
exposure, and have no cross reactivity with the 
BCG vaccine.[10] However, these reviews did not 
specifically assess the performance of IGRAs 
in HIV‑infected individuals. Hence, the aim of 
our study is also focused on the sensitivity and 
specificity of IGRAs for diagnosing latent TB in high 
prevalent areas like in our country as most of study 
done on low TB endemic countries and prevents 
conversion of latent to active TB using IPT. With 
the following background, we undertook the present 
study to determine the prevalence of latent, active 
pulmonary, and multidrug‑resistant  (MDR) TB among 
HIV‑positive patients in and around Aligarh region, 
to determine the sensitivity and specificity of TST 
and IGRAs for the diagnosis of LTBI in HIV‑positive 
patients.

MATERIALS AND METHODS
The present study was cross‑sectional prospective 
study conducted in the ICTC center, Department of 
Microbiology, J. N. Medical College and Hospital, 
AMU, Aligarh, for period of 2  years from October 
2015 to October 2017. Written and informed consent 
was taken from all 469  patients  (convenience 
sampling methods) who were HIV seropositive 
confirmed in ICTC, Department of Microbiology, 

JNMC, AMU, Aligarh. Along with TST  (Mantoux), 
blood samples were taken from all 469 study 
participants for IGRAs testing. Sputum of 
symptomatic TB‑suspected HIV‑positive patient was 
sent for sputum microscopy, culture, drug sensitivity 
testing done in Culture and DST Laboratory  (RNTCP 
certified), Department of Microbiology, J. N. Medical 
College AMU, Aligarh. Line probe assay  (LPA) was 
also done to assess drug resistance and mutational 
patterns of MDR‑TB in HIV patients. A  detailed 
clinical history was recorded from each patient after 
taking proper written consent from the patients. 
Proper ethical clearance was obtained through the 
Institutional ethical committee of JNMC, AMU 
Aligarh.

SPSS software version was used for all data analysis 
and Chi‑square test had been performed for sensitivity 
and specificity for IGRAs and TST  (Mantoux) test 
(IBM Corp. Released 2017. IBM SPSS Statistics for 
Windows, Version 25.0. Armonk, NY).

Criteria for selection of patients: We divided 
our study groups on the basis of the following 
mentioned definitions. Active TB diagnosis: The 
patient was diagnosed with active TB when the 
presence of MTB in a clinical sample was laboratory 
confirmed by acid‑fast bacilli on microscopy, by 
growth in culture or by a nucleic acid amplification 
test. LTBI diagnosis: It was given to patients with a 
positive IGRA  (QFT) and no indication of current or 
previous active TB. Participants with a prior active 
TB, which could explain a positive IGRA and with 
no signs or symptoms of active TB at baseline, were 
classified as prior active TB. Finally, those that had 
received preventive TB therapy before entering the 
study were defined as prior LTBI. No TB: Patients 
with a negative baseline IGRA and no previous or 
current TB infection were classified as no TB.[11]

Cases included in the study were 469 HIV‑confirmed 
patients with clinically suspected active pulmonary 
TB cases, asymptomatic patients with history of risk 
exposure, and suspected MDR‑TB cases. Control 
group included fifty healthy individuals, BCG 
vaccinated without HIV, without TB, and with no 
personal/family history of TB or no risk factor of 
exposure/contact. All the cases of extrapulmonary 
TB, end‑stage renal disease, leukemia/lymphoma, 
pregnant, and lactating patients and who had TST 
received in the past 16  months of their sample 
collection  (for TST and IGRA) were excluded from 
the study.

All the patients reporting at ICTC, Department of 
Microbiology, JNMC, for the HIV status testing were 
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assessed by three ERS  (ELISA, Rapid, and Simple) 
tests as recommended by the National AIDS 
Control Organization, Ministry of Health and Family 
Welfare, and Government of India  (Guidelines of 
HIV testing, 2017). The CD4 cell counts of all the 
patients were estimated by Flow‑Cytometry using 
Partec CyFlow Counter  (Germany) done in ART 
centre. Quantiferon TB Gold  (QFT‑G, manufactured 
by Cellestis Limited, Carnegie, Victoria, Australia) 
test was performed on the study subjects according 
to the provided kit insert. TST was performed in all 
the study subjects according to standard protocol.[12]

Sputum of all HIV‑positive patients was stained by 
Ziehl–Neelsen staining and Fluorescent staining. 
Culture was done with Modified Lownstein‑Jensen’s 
medium along with biochemical identification 
such aslike Niacin test, catalase test, and 
Growth on Para Nitro Benzoic acid  (PNB est) for 
detection of MTB. 1% Proportional method was 
followed for determining drug susceptibility of 
mycobacteria for anti‑TB drugs, namely, rifampicin, 
isoniazid, ethambutol, and streptomycin. 
LPA  (GenoMTBDRplusVER  2.0 by HainLifescience, 
Germany) and GeneXpert MTB/RIF  (or CBNAAT) 
test were performed  (according to manufacturer’s 
instruction) to determine the resistance pattern of 
anti‑TB drugs in study group.

RESULTS
Out of the 9293 blood samples collected from 
patients suspected of HIV infection at the ICTC, 
Aligarh, 469  (5.04%) confirmed HIV positive 
during the study period. Two hundred and 
eighty‑nine  (61.62%) were males and 180  (38.38) 
were females. Majority of 168  (35.82%) 
patients were in the age group of 25–34  years 
and 161  (34.32%) in age group of 35–49  years. 
Sexual transmission  (61.19%) followed by blood 
transfusion  (12.15%); use of infected syringes 
and needles  (6.82%); by vertical transmission, 
i.e.,  (3.41%) were observed. On the basis of history 
of exposure/contact, clinical, and radiological 
grounds, 184 HIV‑positive patients were suspected 
to be suffering from TB. One hundred and 
seventy‑six  (95.65%) were having a history of TB 
contact and 52  (28.26%) did not have the history 
of BCG vaccination. Abnormal chest X‑ray findings 
were seen in 59  (32.06%) out of 184 suspect TB 
cases  [Table  1]. Table  2 depicts comparative results 
of various tests performed to reach at the diagnosis 
of active TB among the study group from the 
total suspected pulmonary TB cases  (n  ‑  184) 
according to which 32  (17.39%) were positive 
by microscopy, 59  (32.06%) had suggestive chest 

X‑ray finding, 33  (17.93%) were culture positive 
from sputum samples, along with adjunctives tests 
such as TST and IGRA with 9.23% and 10.32% 
positivity, respectively. We concluded 67 out of 
184  patients as having active TB  (case definition, 
CDC, 2013) among HIV patients  (HIV‑TB coinfection 
group). One MDR‑TB patient  (1.49%) was confirmed 
from 67 suspected MDR‑TB  (Cat. 7 according to 
PMDT criteria) patients in HIV‑TB coinfection 
cases after performing LPA and CBNAAT test. LPA 
showed mutation at MUT 3 band in rpo B gene and 
MUT 1 band in kat gene, respectively, was found. 
DST  (drug susceptibility test) performed by 1% 
proportion method for the above patient showed 
resistance to all first‑line anti‑TB drugs. Out of 469 
HIV‑positive patients, 117 were diagnosed as LTBI 
on the basis of IGRA and/or TST positivity with 
no current and previous diagnosed TB as defined 
in classification of the study group  [Table  3]. The 
table also shows more IGRA positivity  (24.94%) 
than TST  (22.38%). Eighteen  (3.83%) patients out of 
total 469 study participants  (HIV positive) showed 
indeterminate results for IGRA test. On studying 
the demographic profile of LTBI patients, being 
underweight was the most common risk factor, 
followed by history of close contact  [Table  4]. IGRA 
has more sensitivity  (75%) and specificity  (76%) 
than TST with a sensitivity of 71.7% and 
specificity 66% in our study. We estimated 
good concordance  (as Ҡ =0.892) between the 
two tests for diagnosis of LTBI in HIV‑positive 
patients or comparison of baseline CD4 levels with 

Table  1: Demographic profile of human 
immunodeficiency virus positive cases suspected 
of pulmonary tuberculosis  (n=184)
Clinical presentation Frequency (%)

Fever 70  (38.04)
Cough 66  (35.86)
Weight loss 55  (29.89)

Breathing difficulty 48  (26.08)
Abnormal chest X‑ray 59  (32.06)
Absence of h/o BCG vaccination 52  (28.26)
History of TB contact 176  (95.65)
TB=Tuberculosis; BCG=Bacille Calmette‑Guérin

Table  2: Comparative results of various tests 
among human immunodeficiency virus‑positive 
cases suspected of tuberculosis (n=184)
Tests Positive  (%)
Microscopy  (ZN and fluoroscent staining) 32  (17.39)
Chest X‑ray findings 59  (32.06)
Culture 33  (17.93)
IGRA 19  (10.32)
TST 17  (9.23)
ZN=Ziehl‑Neelsen; IGRA=Interferon gamma release assays; 
TST=Tuberculin skin test
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TST and IGRA results in LTBI cases, TST and 
IGRA results were less positive in patients with 
baseline CD4 count level  <200/μl  (36.19% and 
28.20%, respectively) as compared to those cases 
who had CD4 count  >200/μl  (63.8% and 71.79%, 
respectively). It also shows more indeterminate 
result  (66.66%) in IGRA test among LTBI patients 
with CD4 count level  <200/μl, while less 
indeterminate result  (33.33%) in IGRA test among 
LTBI patients with CD4 count level <200/μl.

DISCUSSION
LTBI is a subclinical infection with MTB without 
clinical, bacteriological, or radiological evidence 
of the disease. Effective treatment of latent TB 
in HIV‑infected individuals offers an opportunity 
to prevent significant morbidity and mortality. 
However, accurate diagnosis of LTBI in HIV‑infected 
individuals is challenging. Individuals with advanced 
immunosuppression are those most at risk of 
re‑activation of LTBI and are a key priority for 
diagnosis and treatment. Until recently, the TST was 
the only tool available for diagnosing LTBI. Of the 

9293 patients attending the ICTC centre, Department 
of Microbiology, JNMC and Hospital referred from 
various outpatient departments during the period 
of October 2015 to September 2017 screened for 
the HIV status, a total of 469  patients turned HIV 
positive indicating a prevalence of HIV infection in 
and around Aligarh region to be 5.04%. Out of 184 
suspected patients, sputum microscopy was found 
positive in 32  patients  (17.39%), while Rao et  al. 
found 27.45% positivity.[13] In our study, sputum 
culture positivity was seen around 17.93% among 
the 184 suspected pulmonary TB cases which is 
slightly higher to another study done by Isaakidis 
et  al. showed 12% sputum culture positivity.[14] 
Only one patient, i.e.  1.49% was confirmed 
MDR‑TB positive by LPA and CBNAAT  (nucleic 
acid amplification test). Isaakidis et  al. estimated 
the much higher MDR‑TB, i.e.  25% in Mumbai ART 
centre.[14]

The dual burden of HIV and TB/drug resistant‑TB 
in India is significantly high with a combined rate 
of 5.2%, ranging from 0.4% to 28.8% in various 
studies, with increasing trends noted in states having 
a higher burden of HIV infection.[15‑18] Swaminathan 
et  al. estimated 4.2% MDR‑TB in HIV patients in 
their study.[18]

Out of 469 HIV‑positive patients, 117  (24.94%) 
were diagnosed as LTBI on the basis of IGRA and/
or TST positivity with no current or previously 
diagnosed TB as defined in classification of the 
study group, with more IGRA positivity  (24.94%) 
than TST  (22.38%). In our study, 18  (66.66%) 
cases showed indeterminate results with IGRA test. 
When used to diagnose LTBI, rates of indeterminate 
results with the QFT‑IT have ranged from  <1 to 
11% as reviewed by Cattamanchi et  al. Cheallaigh 
et  al. found a statistically significantly lower rate 
of indeterminate results with IGRA test. 2% of 
QFT‑IT results were indeterminate, compared to 7% 
of T‑SPOT. TB results.[19] Talati et  al. in their study 
observed indeterminate IGRA results as much as 
14% of patients with T‑SPOT and 18% of patients 
with QFT‑3G.[20] Other studies in HIV‑seropositive 
individuals have also found that around 10% of 
patients have an indeterminate result.[21]

Currently, the WHO strongly recommends at least 
6  months of isoniazid preventive therapy  (6INH, 
9INH, and 12INH) for HIV‑infected patients and 
suggests a continuous 36INH regimen as the 
surrogate treatment, especially in regions with 
high HIV and TB prevalence. People who have 
been recently infected with TB have a high risk 
of reactivation, and those who are close contacts 

Table  3: Results of tuberculin skin test and 
interferon gamma release assays in the screening 
latent tuberculosis infection cases among human 
immunodeficiency virus positive patients
Test Performed Total Positive in 

active TB  (%)
Positive in 

suspected LTBI  (%)
TST  (n=469)

Positive 122  (26.01) 17  (3.6) 105  (22.38)
Negative 347  (73.98) 132  (28.14) 215  (45.84)

IGRA  (n=469)
Positive 136  (28.99) 19  (4.05) 117  (24.94)
Negative 315  (67.16) 114  (24.30) 201  (42.85)
Indeterminate 18  (3.83) 0  (0) 18  (3.83)

TST+ and IGRA+ 102  (21.74)
TST− and IGRA− 329  (70.14)
LTBI=Latent tuberculosis infection; IGRA=Interferon gamma release 
assays; TST=Tuberculin skin test; TB=Tuberculosis

Table 4: Demographic profile of latent tuberculosis 
infection patients in our study group (n=117)
Risk factors Present Absent/

unknown
Total

History of close contacts/family 
history

43  (36.75) 74  (63.24) 117

Silicosis 7  (5.98) 110  (94.01) 117
Fibronodular disease on chest X‑ray 10  (8.54) 107  (91.4) 117
Diabetes mellitus 19  (16.23) 98  (83.76) 117
Smoking 33  (28.20) 84  (71.79) 117
Use of corticosteroid 9  (7.69) 108  (92.30) 117
Underweight 71  (60.68) 46  (39.31) 117
H/o BCG vaccination 105  (89.74) 12  (10.25) 117
LTBI=Latent tuberculosis infection; BCG=Bacille Calmette‑Guérin
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of people with active TB have a high possibility 
of having been infected within the past 2  years.[22] 
Studies have reported that the reactivation rate of 
TB is 15  times greater for those who have been 
recently infected  (<2  years).[23,24] On comparison of 
sensitivity and specificity of IGRA and TST for LTBI 
in HIV infection in our study, it seems that IGRA 
has more sensitivity  (75%) and specificity  (76%) 
than TST with sensitivity of 71.7% and specificity 
66% among LTBI in HIV patients  [Table  5]. While 
in the control groups  (HIV negative with no TB 
with BCG vaccinated), sensitivity and specificity 
for IGRA were 6% and 94%; and 56% and 44% for 
TST. Most studies tells about sensitivity of IGRAs 
test on active TB which is an immunocompromised 
state itself thus underestimated sensitivity in LTBI 
patients for both TST and IGRAs test were obtained 
in these studies. Meta‑analysis done by Pai et  al. 
performed in low‑ and high TB‑burden countries and 
found a pooled sensitivity of 78%  (95% confidence 
interval, 73%–82%) for QuantiFERON‑TB Gold.[25] 
In 216 Japanese nursing students without any 
TB exposure history and with BCG vaccination, 
specificity for TST, and Quantiferon were 64.6% 
and 98.1%, respectively.[26] In a Korean study, 
QuantiFERON®‑TB was 96% specific and TST 
was 49% specific.[27] Another study found that 
QuantiFERON®‑TB was negative in all fifty healthy 
medical students  (74% BCG vaccinated).[28] TST was 
positive in 36% of them. All studies indicates better 
IGRAs specificity than TST for diagnosis of LTBI and 
despite the limited data, there may have a significant 
role of IGRAs in identifying TB infection either 
active or latent in immunocompromised state.[29‑32]

In our study, good concordance was observed 
between IGRA and TST with good strength of 
agreement of K  =  0.892 for the diagnosis of LTBI 

in HIV patients  [Table  6]. In studies from Africa, 
concordance between TST and IGRAs has been 
fair.[33] Other studies from countries with a low 
prevalence of TB have found poor concordance 
between TST and QFT‑3G.[34]

On comparing baseline CD4 levels with TST and IGRA 
levels in our study, we found that TST and IGRA 
were more positive in those patients with baseline 
CD‑4 count level  >200/µL i.e.,  67  (63.80%) and 
84  (71.79%) patients, respectively, while 38  (36.19%) 
and 33  (28.20%) patients were positive for IGRA 
and TST with baseline line CD4 count levels  <200/
µL respectively. We found more indeterminate IGRA 
results 12  (66.66%) in patients with CD‑4 count <200/
µL. Studies have shown that TST is more reliable 
at CD 4 counts  >100/µL.[35] Talati et  al. wanted 
to define a similar CD4 count cutoff for IGRAs. 
However, limiting analysis to patients with higher CD4 
counts did not improve concordance in their study 
population. They found that an indeterminate results 
was associated with a CD4 count of <200/µL.[20]

Limitation of the study
The sensitivity and specificity of the IGRA and TST 
for the diagnosis of LTBI in immunocompromised 
state are not so reliable due to lack of gold standard 
test and also require more follow‑up studies in 
future which was not done in our study. Further 
observational and follow‑up studies required in 
larger sample size to determine the sensitivity and 
specificity of IGRAs and their comparison with TST.

CONCLUSION
The lack of a gold standard makes it difficult to 
determine which diagnostic test is more sensitive 
or specific for LTBI. Given the result of our study 
and the limited data currently available in the 
literature, it is unclear if IGRAs can be used for 
the diagnosis of LTBI in HIV‑infected individuals. 
Some authors have suggested a combined approach 
of TST and IGRA.[36] We feel this would lead to 
confusion for physicians when there are discordant 
results. Question that remains are whether in high 
incidence countries there is a better concordance 
between IGRAs and TST; can we define a lower 
interferon‑gamma cuff value for patients who are 
immunocompromised or have HIV; is there a CD4 
cutoff value below which these test are no longer 
useful; and is IGRA positivity an accurate predictor 
of progression to active TB. Accurate diagnosis of 
LTBI in HIV‑infected individuals is challenging.

Some studies emphasized that CD4 count level 
had an impact over the result of IGRAs test.[33, 37-39] 

Table  5: Comparative evaluation of tuberculin 
skin test and interferon gamma release assays 
in respect to sensitivity, specificity among latent 
tuberculosis infection in study group (n=117)
Test Performed TST  (%) IGRA  (%)
Sensitivity 71.7 75
Specificity 66 76
IGRA=Interferon gamma release assays; TST=Tuberculin skin test

Table  6: Degree of concordance between 
tuberculin skin test and interferon gamma 
release assays
Test Performed IGRA+ (n=117) IGRA−
TST+  (n=105) 102 3
TST− 15 329
K=0.892. IGRA=Interferon gamma release assays; TST=Tuberculin skin 
test
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Patients with indeterminate results will require 
retesting, testing with a larger volume of blood  (in 
order to obtain more), or use of a different diagnostic 
test. IGRA test can be used in the community as a 
routine to prevent the conversion of latent to active 
TB by chemoprophylaxis but more beneficial in 
active TB cases however more studies require in 
latent TB cases especially in immunocompromised 
state in community settings.
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