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TUBERCULOSIS

Sensitivity and Specificity of QuantiFERON-TB Gold Assay in 
Newly Diagnosed with Mycobacterium tuberculosis Infection 
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Nyi Nyi Naing4)

ABSTRACT 
Objective: To determine sensitivity and specificity between QuantiFERON-TB Gold assays and compared to the gold stan-

dard sputum Acid Fast Bacilli (AFB) culture for the detection of active TB as well as the association between QuantiFERON-TB 
Gold assay and sputum AFB culture, chest X-ray changes and clinical diagnosis in patients clinically suspected of active tuber-
culosis. 

Design: A cross sectional study.
Materials and Methods: The sensitivity and specificity of QuantiFERON-TB Gold were investigated in 24 subjects who were 

clinically suspected of TB infection were enrolled in this study. Each patient was required to produce sputum and 5 ml of blood 
for IGRA test. The standard sputum AFB culture and QuantiFERON-TB Gold assay were performed. Sensitivity and specificity 
tests were conducted using Receiving Operating Characteristics (ROC) curve. The positive predictive value, negative predictive 
value, positive likelihood ratio and negative likelihood ratio were calculated. Association and agreement between 
QuantiFERON-TB Gold assay and sputum AFB culture, clinical diagnosis and chest X-ray changes were measured using 
McNemar test and Kappa statistics using SPSS 12.0.1.

Results: The QuantiFERON-TB Gold assay had 94.7% sensitivity and 80% specificity for detection of Mycobacterium tuber-
culosis. The positive predictive value was 0.94, a negative predictive value was 0.80, the positive likelihood ratio is 4.73 and neg-
ative likelihood ratio is 0.06. There were poor agreements and associations between QuantiFERON-TB Gold assay and other 
tests. 

Conclusion: Our study suggested that QuantiFERON-TB Gold assay was a useful diagnostic kit for the diagnosis of 
Mycobacterium tuberculosis infection furthermore.
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INTRODUCTION

Tuberculosis (TB) is a major world cause of morbidity and mortali-
ty. Every year 8.8 million people develop active TB, with almost 1.6 
million deaths in 2005, despite the availability of antibiotics (World 
Health Organization, 2007). TB is still a public health problem in 
Malaysia despite preventive and control measures taken (Glaziou, 
Floyd, Raviglione, 2009). According to the Ministry of Health 
Malaysia, in 2009, there were about 17,341 (76%) of the estimated 
23,000 new TB cases in 2009, detected and notified from states, 78% of 
the 9,981 of new sputum smear positive TB cases detected were treated 
successfully (Ministry of Health, 2009). 

Tuberculosis (TB) in the era of HIV/AIDS, is the second most fre-
quent cause of death due to an infectious agent, similar to other devel-
oping countries (Ministry of Health, 2008). As in other countries, the 

re-emergence of this problem can be attributed to the high influx of for-
eign workers from high TB burden countries (legal and illegal), increas-
ing number of HIV/AIDS patients, transmission within congregate set-
tings, and the emergence of multidrug resistant TB (Brennan, 1997). 
Hence, screening and treating people harbouring TB may reduce the risk 
of subsequent development to active TB, especially in people at high 
risk of progression though this strategy is less applicable in areas where 
the disease is endemic, because of factors like high prevalence of TB, 
HIV/AIDS, malnutrition as well as the high cost of IGRAs (Lee, 
Holzman, 2002).

Infection with Mycobacterium tuberculosis has been identified by 
using tuberculin skin test (TST) for more than 100 years old, same as 
sputum smear microscopy; the most recently developed drug routinely 
used for treatment. The test, even though is a tool which is capable of 
measuring infection in an individual or in a community, lacks specificity 
where environmental mycobacteria (i.e. M. avium and M. bovis) are 
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common, and lacks predictive value in identifying those likely to devel-
op the disease in the future (Enarson, Ait-Khaled, 2000).

Sputum Acid Fast Bacilli (AFB) smears, even though rapid and 
highly specific at 99.0% and uses simple and available equipment, have 
a very low sensitivity of 72.1% (Levy, Feldman, Sacho, Van Der 
Meulen, Kallenbach, Koornhof, 1989). It also depends on the centers 
and techniques being applied.

As for the chest X-ray, 10-15% of culture positive TB patients are 
not diagnosed by X-ray, and about 40% of patients diagnosed as having 
TB on the basis of X-ray alone do not actually have TB (Ravn, 
Demissie, Eguale, Wondwosson, Lein, Amoudy, Mustafa, Jensen, Holm, 
Rosenkrands, Oftung, Olobo, Von Reyn, Andersen, 1999).

Another diagnostic tool, Polymerase Chain Reaction (PCR), in a 
review of meta-analysis in assessing the performance of PCR reported 
significant variability in sensitivity and specificity in different studies 
(Noordhoek, Van Embden, Kolk, 1996). The overall sensitivity of PCR 
in smear positive is 82.5%, specificity is 99.8%, positive predictive 
value (PPV) is 94.3% and negative predictive value (NPV) is 99.4%. 
Unfortunately, the use of PCR technique in diagnosing TB requires 
expensive devices, thus not many places in Malaysia have such facility.

Sputum for TB culture and susceptibility is only positive in 80% of 
patients with active TB while the remaining 20% of patients with active 
disease will show signs and/or symptoms compatible with TB, a chest 
X-ray compatible with TB, a positive PPD and clinically respond when 
anti-TB therapy is started but having negative cultures are called 
Clinical or Culture Negative TB. Despite being the gold standard, 
Mycobacterium tuberculosis culture requires trained staff and consumes 
time in which it takes 4-6 weeks for confirmation of a negative result. A 
prospective study carried out in South Africa in 1989 revealed that in 
comparison to final clinical diagnosis and sputum culture for 
Mycobacterium tuberculosis, the sensitivity of Mycobacterium culture 
was 81.5% and specificity was 98.4 % (Levy et al., 1989).

Alternative diagnostic methods which are faster and more accurate 
test to the TST, T-cell based gamma interferon (IFNg) release assays 

(IGRAs) have been developed and approved mainly for the diagnosis of 
LTBI and also an aid for the diagnosis of active TB (Levy et al., 1989). 
IGRAs have been used to evaluate active TB patients for the diagnosis 
of MTb infection and various levels of sensitivities and specificities 
have been reported (Ravn et al., 1999; Raviglione, Snider, Kochi, 
1995). However, most of the information on the performance of tests 
has been reported from the developed countries, where the prevalence 
of TB is moderate or low. Thus, further information is needed on the 
performance of IGRAs from developing countries where TB is endemic 
as well as other factors such as helminthic infections, HIV/AIDS and 
undernutrition are prevalent (Pai, Kalantri, Dheda, 2006; Menzies, Pia, 
Comstock, 2007). On top of these, IGRAs have been found to be affect-
ed by factors like ethnic background and immune status of the popula-
tion being tested (Lalvani et al., 2000; Chee et al., 2008).

Therefore, this study was carried out to determine the sensitivity 
and specificity of QuantiFERON-TB Gold assay in the endemic area 
like Malaysia. Associations and agreements between QuantiFERON- 
TB Gold assay and sputum Acid Fast Bacilli (AFB), chest X-ray chang-
es and clinical diagnosis were also determined.

MATERIALS  AND  METHODS

A cross sectional study was conducted at Hospital Universiti Sains 
Malaysia, Kubang Kerian, Kelantan, Malaysia, between 2003 to 2005. 
Outpatients or inpatients were eligible if they were clinically suspected 
of active pulmonary tuberculosis through history of physician and 
patients who had shown radiology of X-ray changes, smear positive for 
AFB (Mycobacterium tuberculosis) and/or Mantoux test positive.

Permission of the study was obtained from Human Research Ethics 
Committee of Universiti Sains Malaysia. The written informed consent 
form was provided to the entire participant after explaining the study 
protocol; participation was on voluntary basis patients who agreed to 
participate were asked to sign the consent form. A total of 5 ml of 
venous blood and sputum specimens were collected from the partici-
pants. 

Sputum Collection and Examination
Three sputum specimens (spot-morning-spot), were obtained from 

all participants who agreed to participate in the study and, who were 
clinically suspected of Pulmonary TB by a physician or suggested by 
clinical history. Briefly, the first sputum specimen was collected in the 
clinic (spot specimen) on the first visit to the Chest clinic. The second 
specimen was an early morning sputum specimen (morning specimen), 
which was collected at home on the second day and delivered on the 
same day to the laboratory for test. The third sputum specimen was col-
lected in the Chest Clinic. Those who were admitted to the ward were 
asked to give early morning sputum specimen three days consecutively. 
The smear was prepared from a portion of each specimen, all the spu-
tum specimen were processed for AFB culture. The culture was per-
formed using the Ogawa Technique using Lowenstein Jensen culture 
and followed the Standard Operating Procedure for Diagnostic of 
Mycobacteriology in laboratory Department of Medical Microbiology.

QuantiFERON-TB Gold Assay
A total of 5 ml venous blood was taken from of the all the partici-

pants for three days respectively. The blood was processed immediately 
within 12 hours it was taken. The samples were analyzed at the 
Laboratory Department of Immunology. QuantiFERON-TB Gold-TB 
Assay (QFTGIT) was performed according to the manufacturer's instruc-
tions (In-Tube, Cellestis TB., Carnegie, Australia) (QuantiFERON-TB 
Gold Catalogue Number: 0594 0201). Briefly, on the day of sputum col-
lection, 1 ml venous blood sample was collected from each individual 
directly into three tubes (TB-specific antigens, mitogen, and nil tubes). 
The samples were incubated for 24 hours at 37℃ in the laboratory of 
each samples and then centrifuged at 3000 x rcf (relative centrifugal 
force) for 10 minutes. About 300 μl of plasma was collected and stored 
at 4℃ until IFNg assay was performed using ELISA. The optical density 
(OD) of each test was read using a 450 nm filter with a 620 nm reference 
filter using ELISA plate reader, and the results were interpreted as posi-
tive, negative or indeterminate using QFTGIT analysis software devel-
oped by the company (QFTGIT, Cellestis TB, Carnegie, Australia).

Table 1. Characteristics of newly diagnosed Mycobacterium tuber-
culosis infection patients in Kelantanese population (n = 
24)

 Characteristics  n (%)

Race/Ethnicity 
Malay  22 (91.6)

Female  12 (50.0)
Male 10 (41.7)

Chinese Male 1 (4.2)
Siamese Female  1 (4.2)

Age Groups (years) 
Less than 20 3 (13.0)
20 --- 50 13 (54.0)
51 --- 90 8 (33.0)

Types of infections 
Pulmonary 20 (83.3)
Extrapulmonary 4 (16.7)

Smear AFB Results 
Positive 15 (62.5)
Negative 9 (37.5)

Smear negative but culture positive 5 (8.3)
Status of Contact 

Absent 
Female 5 (20.8)
Male 11 (45.8)

Absent 
Female 5 (20.8)
Male 3 (12.5)

BCG Vaccination 
Present 16 (66.7)
Absent 5 (20.8)
Undetermined 3 (12.5)
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Statistical analysis
Data were analyzed using the Statistical Packages for Social 

Sciences (SPSS) version 12.0.1 for Windows (SPSS Inc.). Sensitivity 
and specificity of the QuantiFERON-TB Gold assay were assessed 
using Receiving Operating Characteristics (ROC) curve. The sensitivity, 
specificity, positive predictive values (PPV), negative predictive values 
(NPV) and likelihood ratio (LR) for positive and negative results were 
measured. The association and agreement between QuantiFERON-TB 
Gold assay and sputum AFB smear and chest X-ray changes were ana-
lyzed using McNemar's test and Kappa statistics. A P-value of < 0.05 
was considered as significant. Kappa values below 0.4 indicate weak 
agreement, values of 0.41-0.60 indicate good agreement and values 
above 0.6 indicate strong agreement. The association between 
QuantiFERON -TB Gold and clinical diagnostic was also assessed.

RESULT

Characteristics of patients
A total of twenty-four patients were eligible and enrolled in this 

study. Out of this total, 22 patients were Malay, 10 of them were female. 
There was only one male Chinese and one female Siamese lady volun-
teered for the study. The mean age was 42.33 (SD = 20.52). Majority of 
them (13 patients) belonged to the productive age group which was 
between 20 to 50 years old. Eight of them were between 51 to 90 years 
old while three of them were less than 20 years old. A total of 20 
patients suffered from pulmonary tuberculosis while the rest four 
patients were extra pulmonary tuberculosis patients. Out of 24 patients, 
16 were vaccinated with BCG and five had not been vaccinated, while 
the other three were not determined their BCG status. There were 15 
patients with smear AFB positive and nine patients with smear negative. 
Within the smear negative patients, five of them were identified as cul-
ture positive for Mycobacterium tuberculosis. A total of 33.3% (8 
patients) of studied subjects had the previous history of exposure with 
TB, where five of them were females and three males (Table 1).

Sensitivity and Specificity of QuantiFERON-TB Gold assay
The sensitivity of QuantiFERON-TB Gold was 94.7% and the speci-

ficity was 80%. It was significant as the area under the ROC curve was 
0.874 (P = 0.012). The PPV was 0.94 while NPV was 0.80. The LR posi-
tive of QuantiFERON-TB Gold was 4.73, while LR negative was 0.07.

Association and agreement between QuantiFERON-TB Gold 
assay and sputum AFB, chest X-ray changes and final clini-
cal diagnosis

There was a poor association between QuantiFERON-TB Gold and 
sputum AFB (McNemar = 0.34). The agreement between these two tests 
was also poor (Kappa = 0.024, P = 0.897). The association between 
QuantiFERON-TB Gold and chest X-ray changes was poor (McNemar = 
0.727), as also the agreement between the two (Kappa = -0.185, P = 
0.342).

All 24 subjects were diagnosed as tuberculosis infection clinically. 
However, five of them had negative QuantiFERON-TB Gold assay 
result. Out of these five patients, only one had culture positive for 
Mycobacterium tuberculosis. The other four patients were having culture 
negative.

DISCUSSION

There is considerable amount of interests for the past 20 years in the 
development of latest diagnostic tools for TB infection, especially due 
to the recent widespread of AIDS which is commonly associated with 
TB infection. Concentration has always been directed upon developing 
a new rapid diagnostic kit which is highly sensitive and significantly 
specific for TB infection. Unfortunately, up to date there is no real 
'gold-standard' comparison for diagnosis of TB.

QuantiFERON-TB Gold assay showed high sensitivity of almost 
90% in culture confirmed TB patients and near absolute specificity of > 
98% in BCG vaccinated patients in studies in Japan, Italy, Denmark, 

USA and Australia (Mazurek, Lobue, Daley, Bernardo, Lardizabal, 
Bishai, Iademarco, Rothel, 2001). The specificity of QuantiFERON®-
TB Gold obtained from three other studies was 99.2% (Mazurek et al., 
2001; Raviglione, Snider, Kochi, 1995). As a comparison to our study, 
the sensitivity (94.7%) obtained was not far beyond other international 
studies that were previously conducted. This will assist clinicians to use 
QuantiFERON-TB Gold assay as a supportive diagnostic tool for the 
diagnosis of TB infection.

To our knowledge, there was no l i terature on comparing 
QuantiFERON-TB Gold with other diagnostic tests. In this study, the 
associations between these tests were reviewed. However, it demon-
strated poor agreement and association between QuantiFERON-TB 
Gold assay and sputum AFB smear, chest X-ray changes and final clini-
cal diagnosis. This study also demonstrated a patient with culture nega-
tive but QuantiFERON-TB Gold positive. Despite this result, this 
patient was finally diagnosed as pulmonary TB, supported by other clin-
ical findings and other conventional diagnostics.

Four patients demonstrated negative sputum culture negative and 
negative QuantiFERON-TB Gold. Two of these patients had history of 
taking oral immunosuppressive therapy (prednisolone) for various rea-
sons (one patient had myasthenia gravis and one patient had severe 
osteoarthritis and took exogenous steroid from the general practitioner), 
while the other two had blood sampling taken 5 days after initiating anti 
tuberculosis drugs. These factors may contribute to its negative results.

Positive sputum culture but negative QuantiFERON-TB Gold assay 
maybe due to cross contamination. This may occur in patients whom are 
not known to have active TB. Lab errors are also possible contributing 
factors (Levy et al., 1989). A false negative result of QuantiFERON-TB 
Gold assay may be due to several factors. These may includes incorrect 
technique (e.g. incorrect incubation times or temperatures and other 
deviations from the recommended test procedure), use of any anticoagu-
lant other than heparin, incorrect transport of blood specimens, exces-
sive levels of circulating IFN-γ, presence of heterophile antibodies and 
longer than 12 hours from blood specimen drawing to incubation with 
antigens (Arend et al., 2000). As in this study, only one patient demon-
strated positive sputum culture but negative QuantiFERON-TB Gold 
assay.

The diagnosis of TB has been at times difficult especially when it 
involves extra pulmonary TB patients. Difficulty in getting the appropri-
ate samples for diagnosis other than sputum may complicate the situa-
tion. Tissue biopsy may be helpful, but choices may be limited, as an 
example in patients suspected to have TB of the spine. Majority of 
patients especially in Kelantan are not keen for biopsy of the spine, 
therefore diagnosis has usually been radiographic. QuantiFERON-TB 
Gold assay will be useful in such situation.

There were several limitations of this study, which included small 
sample size, difficulties in obtaining tissue culture especially in extra 
pulmonary cases and there was no 'perfect' gold standard test for com-
parison when diagnosing TB infection. Besides, the QuantiFERON-TB 
gold test is very costly and cannot be done to screen many patients. We 
would recommend for future studies to be carried out in a larger scale in 
similar setting and more funding to explore and evaluate the efficacy of 
this test in HIV infected patients, since patients involved in this study 
were immunocompetent and none of them have HIV infection.

CONCLUSION

The sensitivity and specificity of QuantiFERON-TB Gold assay are 
94.7% and 80% respectively. There was a demonstrable poor associa-
tion between QuantiFERON-TB Gold assay and sputum AFB and chest 
X-ray changes. The findings are very important as it is the first of such 
been carried out in the country, which is also endemic for TB especially 
in Kelantan state. QuantiFERON-TB Gold assay is a useful diagnostic 
kit and should be used together with other diagnostic methods in identi-
fying active TB patients.
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