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ABSTRACT
Introduction: The treatment of individuals with active tuberculosis (TB) and the identifi cation and treatment of latent tuberculosis 
infection (LTBI) contacts are the two most important strategies for the control of TB. The objective of this study was compare 
the performance of tuberculin skin testing (TST) with QuantiFERON-TB Gold In TUBE® in the diagnosis of LTBI in contacts 
of patients with active TB. Methods: Cross-sectional analytical study with 60 contacts of patients with active pulmonary TB. 
A blood sample of each contact was taken for interferon-gamma release assay (IGRA) and subsequently performed the TST. 
A receiver operating characteristic curve was generated to assess the cutoff points and the sensitivity, predictive values, and 
accuracy were calculated. The agreement between IGRA and TST results was evaluated by Kappa coeffi cient. Results: Here, 
67.9% sensitivity, 84.4% specifi city, 79.1% PPV, 75% NPV, and 76.7% accuracy were observed for the 5mm cutoff point. The 
prevalence of LTBI determined by TST and IGRA was 40% and 46.7%, respectively. Conclusions: Both QuantiFERON-TB 
Gold In TUBE® and TST showed good performance in LTBI diagnosis. The creation of specifi c diagnostic methods is necessary 
for the diagnosis of LTBI with higher sensitivity and specifi city, preferably with low cost and not require a return visit for reading 
because with early treatment of latent forms can prevent active TB.
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Latent tuberculosis infection (LTBI) is defi ned as the period 
between infection with Mycobacterium tuberculosis (MBT) and 
the onset of tuberculosis (TB) disease. LTBI detection is a well 
established TB control strategy recommended by the World 
Health Organization (WHO)(1); it enables infected individuals 
who are at greater risk of progression to active disease to 
commence with drug treatment. 

It is estimated that one third of the world’s population is 
infected with MTB, mostly in its latent form, constituting an 
important reservoir for disease reactivation(2). This pool is 
suffi cient for the long-term generation of new TB cases, even 
if the transmission chain is interrupted(3).

Identifi cation and treatment of LTBI can reduce the risk of 
active disease development by 90%(4) (5). Contact with patients 
with active pulmonary TB increases the risk of infection, 

especially when the diagnosis is delayed. Approximately 30% 
of those who come in contact with pulmonary TB patients are 
infected; of these, 5% develop active TB within two years and 
another 5% develop the disease 2 years post infection(6) (7).

In most situations of contact with MTB, the host immune 
response is suffi cient to prevent disease; the bacteria may be 
completely destroyed or a state of latency could be established. 
Individuals who remain infected exhibit positive tuberculin skin 
testing (TST) but are asymptomatic. In addition, microbiological 
tests for MBT are negative and chest X-rays show no changes. 
Occasionally, the immune response is not effective, resulting in 
active TB due to a primary infection or the reactivation of a state 
of latency(8). Bacilliferous patients who come in close or casual 
contact with active TB are considered to have an increased risk 
of developing LTBI and therefore must be tested(5).

In Brazil, LTBI individuals are diagnosed mainly by means 
of a positive TST associated with the exclusion of TB disease. 
Previous studies have demonstrated the advantages of TST 
including the technical ease of the method and its low cost. 
However, its specifi city can be affected by false-positive results 
due to previous vaccination with Bacille Calmette-Guerin (BCG) 
or non-tuberculous mycobacteria infection(9) (10). Moreover, the 
sensitivity of TST may be reduced in various situations such 
as pregnancy, malnutrition, sarcoidosis, malignant neoplasms, 
and immunosuppression related to infection by the human 
immunodefi ciency virus (HIV)(11).
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METHODS

Because of the limitations of TST, interferon-gamma release 
assays (IGRAs), which measure the production of interferon-
gamma (IFN-γ) in response to stimulation by specifi c MTB 
antigens (ESAT-6, CFP-10, and TB7.7), have been developed. 
Of these, QuantiFERON-TB Gold In TUBE® has been shown 
as the most effective in the diagnosis of LTBI compared with 
TST. In addition, since the BCG vaccine does not infl uence 
assay outcome, IGRAs are very useful in countries where BCG 
is administered post infancy or in cases of repeated boosters. 
Moreover, this method requires only a single visit to perform 
the examination(5) (12) (13) (14) (15).

Studies comparing the two tests (IGRAs and TST) have 
demonstrated that IGRAs exhibit higher specifi city and limited 
sensitivity, but cannot distinguish between active TB and 
LTBI, especially in populations subject to BCG vaccination, 
and therefore are more recommended for the diagnosis of 
LTBI(12) (13) (14) (15) (16). Thus, in this study, we compared the 
performance of TST with QuantiFERON-TB Gold In TUBE® in 
the diagnosis of LTBI in contacts of bacilliferous pulmonary TB 
patients. It is hoped that this study to analyze the performance 
of the TST in the diagnosis of LTBI as the incorporation of 
IGRAs in clinical practice seem unfeasible due to its high cost.

A cross-sectional analytical study was conducted with 
contacts of bacilliferous pulmonary TB-positive patients treated 
at a referral hospital in São Luis, State of Maranhão, Brazil.

Samples were obtained from the contacts of 48 active 
tuberculosis index cases identifi ed through the laboratory log 
book from April 2012 to May 2013 (Figure 1). All patients with 
active pulmonary TB and positive sputum smear microscopy 
were considered as index cases(11).

During consultat ion with the special ist  doctor 
(pulmonologist), the index cases were instructed on the 
importance of evaluating their household contacts and meetings 
were scheduled with these contacts. A household contact was 
defi ned as anyone living in the same domicile with the index 
case for more than 6 hours/day for a period ≥ 3 months at the 
time of TB diagnosis(11).

The study included all asymptomatic household contacts 
aged over 18 years of both sexes with no history of TB or prior 
treatment with isoniazid. Pregnant or lactating women and 
contacts that were vaccinated with BCG ≤ 2 years or that exhibited 
respiratory symptoms, positive HIV serology, changes in their 
chest X-rays, and any immunosuppressive disease were excluded.

During the meeting the contacts were offered information 
regarding active and latent TB and presented with the study 
proposal. All contacts who agreed to participate in the study 
signed an Informed Consent form and subsequently underwent 
a chest X-ray and a rapid HIV test (Rapid Check® HIV ½). 
Contacts with an abnormal chest X-ray and/or positive rapid 
HIV test were excluded from the study. It should be emphasized 
that only one contact showed changes in the chest X-ray and 
was excluded from the study.

Up to two contacts were selected per index case to avoid 
selection bias. When the index case had more than two eligible 
contacts, which happened in only fi ve cases, a random selection 
was performed by a simple draw. In total, the study sample 
consisted of 60 household contacts.

Participants who met the inclusion criteria completed a 
structured questionnaire that was administered individually by 
a previously trained interviewer and consisted of the following 
variables: gender (male, female); age (in years); type of kinship 
with the index case [mother, father, spouse (a), brother (sister), 
cousin (a), uncle (a)]; time between symptom onset and TB 
diagnosis in the index case; presence of BCG scar; time of 
completion of BCG vaccination; nature of contact with the 
index case (intradomiciliary, extradomiciliary); and whether the 
participant slept in the same room with the index case (Yes, No).

Following completion of the questionnaire, 3ml of peripheral 
blood was collected from each participant, then packaged 
and stored for performing the IGRA (QuantiFERON-TB Gold 
In TUBE®) according to the manufacturer's instructions 
(Cellestis Ltd., Carnegie, Victoria, Australia)(17). Next, TST 
was conducted using the antigen and technique recommended 
by the Ministry of Health of Brazil(11).

The TST reading was performed 48 hours post application 
using a specifi c millimeter ruler and measuring the largest 
transverse diameter of induration perpendicular to the forearm; 
the results were recorded in millimeters, even in the absence of 
induration(11). Contacts with a result ≥ 5mm were considered as 
LTBI carriers by TST. The TST reading was performed by two 
trained raters and the Kappa coeffi cient was used to estimate 
the inter-rater agreement. The TST readings were conducted for 
all contacts on a previously scheduled day.

The amount of INF-γ was measured by enzyme-linked 
immunosorbent assay (ELISA). The results were analyzed using 
the QuantiFERON-TB Gold In TUBE® software provided by 
the manufacturer and expressed as UI/ml IFN-γ. Contacts with 
positive results were referred for consultation with a medical 
specialist at the referral hospital.

The TST and QuantiFERON-TB Gold In TUBE® assays 
were performed independently by different professionals 
without any knowledge of the other test results. 

Data were collated and analyzed using the STATA program 
version 11.0. A descriptive analysis was performed based on 
the calculation of means and standard deviation (numerical) 
and frequencies (categorical). A signifi cance level of 5% was 
adopted.

The cutoff points for TST were determined using a 
Receiver Operating Characteristic (ROC) curve (Figure 2). 
Although there is no gold standard detection method for LTBI, 
QuantiFERON-TB Gold In TUBE® was used in this study 
to elucidate the operational characteristics of IGRA and TST. 
The sensitivity, specifi city, positive predictive value (PPV), 
negative predictive value (NPV), and accuracy were calculated 
for the identifi ed cutoff points. Sensitivity was defi ned as the 
ratio between TST positive results and positive IGRA results; 
specifi city was defi ned as the ratio of negative TST and negative 
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FIGURE 1 - Flowchart of study design. BCG:  Bacillus Calmette-Guérin; TST:  tuberculin skin testing.

IGRA results; PPV was calculated as the proportion of TST 
positive participants who were also IGRA positive; NPV was 
calculated as the proportion of TST negative participants who 
were also IGRA negative; and accuracy was calculated as the 
ratio between the total number of correct results (sum of true 
positive and true negative) and the total number of participants.

The prevalence of LTBI determined using QuantiFERON-
TB Gold In TUBE® was calculated as the number of participants 
with positive results, divided by the total number of participants, 
multiplied by one hundred [(number of positive participants/

total number of participants) x 100]. The prevalence of LTBI 
determined by TST was calculated as the number of participants 
with TST ≥ 5mm divided by the total number of participants, 
multiplied by one hundred [(number of positive participants 
with TST ≥ 5mm/total number of participants) x 100]. The 
agreement between the QuantiFERON-TB Gold In TUBE® 
and TST results was evaluated using the Kappa coeffi cient. The 
Kappa test was interpreted according to Landis and Koch(18): 
< 0.40, weak agreement; 0.40 to 0.75, moderate agreement; 
> 0.75, good agreement.
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FIGURE 2 - ROC curve for determination of TST cut-off point (in millimeters). São Luis, State of Maranhão, Brazil, in 2013. ROC:  Receiver Operating 
Characteristic; TST:  tuberculin skin testing.

The study was evaluated and approved by the Ethics 
Committee in Research of the University Hospital of the Federal 
University of Maranhão (CEP/UFMA) under embodied opinion 
n. 240/11, in accordance with Resolutions 196/96 and 466/12. 
The procedures followed were in keeping with the Helsinki 
Declaration of 1964, as revised in 1975, 1983, 1989, 1996, 
and 2000.

RESULTS

Most of the 60 evaluated contacts were female (75%) with a 
mean age of 37 years (±12.18); 35% were partners of the index 
case; 88.3% had household contact with the index case; 58.3% 
slept in the same room with the index case; 86.7% had only one 
BCG vaccination scar while the rest (13.3%) had none. The 
average time between symptom onset and the diagnosis of TB 
in the index case was 87.63 days (± 88.97).

Table 1 details the sensitivity, specifi city PPV, NPV, and 
accuracy for the different TST cutoff points. The best cutoff 
point was 5mm, with 67.9% sensitivity, 84.4% specifi city, 79.1% 
PPV, 75% NPV, and 76.7% accuracy. Of the 60 contacts, 46.7% 

were positive for LTBI based on the QuantiFERON-TB Gold 
In TUBE® test and 40% were TST positive. The agreement 
between the TST and QuantiFERON-TB Gold In TUBE® 
results was 76.7% (Kappa coeffi cient = 0.5270; p value ≤ 0.001; 
Table 2)(18).

DISCUSSION

The results of this study indicate that the 5mm cutoff 
exhibited enhanced sensitivity, predictive values, and accuracy. 
Previous studies suggest that reducing the TST cutoff point 
leads to increased sensitivity and decreased test specifi city. 
Although using a more sensitive cutoff point increases the risk 
of mistakenly diagnosing an individual as an LTBI carrier, the 
benefi ts of treatment appear to outweigh the risks; adverse 
reactions to isoniazid are rare and the risk of selection for 
resistant strains during the treatment of index case contacts is 
minimal since the bacillary population is low(6).

Takenami et al.(19) demonstrated that 70.3% of contacts were 
identified as positive using QuantiFERON-TB Gold In TUBE® 
while only 52.5% were detected by TST. Machado et al.(20) 
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TABLE 2 - Kappa Index for tuberculin skin testing (TST) 
and QuantiFERON-TB Gold In TUBE®. São Luis, State of 
Maranhão, Brazil, in 2013.

    QuantiFERON-TB Gold
Tuberculin test

 positive negative total

Positive 19 5 24

Negative 9 27 36

Total 28 32 60

Kappa= 0.5270 p<0.001CI: 95%. 

TABLE 1 - Sensitivity, specifi city, positive predictive value, negative predictive value, and accuracy of tuberculin skin testing in 
predicting latent tuberculosis in pulmonary tuberculosis contacts. São Luis, State of Maranhão, Brazil, 2013. 

TST (mm) Sensitivity e (%) Specifi city (%) PPV (%) NPV (%) Accuracy (%)

≥5 67.9 84.4 79.1 75.0 76.7

≥9 57.1 84.4 76.1 69.2 71.7

≥10 50.0 87.5 77.7 66.6 70.0

≥11 32.1 93.7 81.8 61.2 65.0

TST: tuberculin skin testing; PPV: positive predictive value; NPV: negative predictive value.

found an agreement of 76% (k=0.53) between the TST 
and QuantiFERON-TB Gold In TUBE® results among the 
household contacts of patients with active TB; these fi ndings 
confi rm the results of this study.

In countries with a high TB burden, treatment of active 
TB is the top priority for disease control. The second priority 
is the identifi cation and treatment of individuals with LTBI, 
since this practice can reduce the risk of progression to active 
TB by 90%(4). The goal of TST and IGRAs tests is to identify 
individuals who are at increased risk of reactivation or of a new 
infection by MBT, such as the contacts examined in this study.

The guidelines of the Center for Disease Control and 
Prevention (CDC) in Europe do not recommend the use of IGRAs 
in countries with a high incidence of TB(21). In addition, TST 
appears to be the most viable option in low-and middle-income 
countries because of its low cost(22) (23) (24) (25). However, although 
TST has been extensively studied, there is still some discrepancy 
between the optimal TST cutoff point for LTBI diagnosis and 
subsequent isoniazid treatment recommended by the Ministry 
of Health (≥ 5mm)(11) and the professional practice (≥ 10mm).

Previous studies have shown that the sensitivity of 
QuantiFERON-TB Gold In TUBE® and TST is approximately 
80%(26). However, IGRAs has a specificity > 95% in the 
diagnosis of LTBI(22) (26). The specifi city of TST is affected by 
previous BCG vaccination; specifi city   values reach 97% in 
unvaccinated populations, while in populations extensively 
vaccinated with BCG, it is approximately 60%(22). However, 
BCG vaccination administered up to the age of one does not 
interfere with TST results after 10 years(26) (27).

According to the World Atlas of BCG Policies and 
Practices(28), BCG vaccination was introduced in Brazil in 1976 
as a single dose vaccine administered at birth. Subsequently, 
changes in procedure were introduced such as the institution of 
booster doses in 1994, a practice that was then banned in 2006. 
Notwithstanding, in this study, over 80% of the participants had 
a history of BCG vaccination at birth. 

PPV denotes the probability of a true infection; the higher 
the risk of exposure, as in cases of close contact with patients 
with active TB, the greater the PPV(29).

False-negative TST results can be explained by exposure 
time; a period of 6-8 weeks post exposure to MBT is necessary 
for LTBI screening. The longer the time period between 

exposure and testing, the greater the agreement between the 
TST and the QuantiFERON-TB Gold In TUBE® results(30) (31). 
Our results indicate that the average period of incubation in the 
index cases was 87.63 days (±88.97), which might explain the 
statistical difference between the PPV and NPV observed for 
participants with an induration ≥ 9mm.

Our study sample consisted mainly of household contacts, 
mostly index case partners, with a high risk of infection due to 
the increased degree of exposure. This fi nding corroborates  with 
the results of previous studies; Gazzetta et al.(32) demonstrated 
that 69.3% of contacts had a very close degree of kinship to the 
index case (father, mother, children, siblings, and partner) and 
that because of their proximity to the focus they were at high 
risk of becoming infected. Kipfer et al.(33), identifi ed a correlation 
between proximity/exposure time and LTBI following the 
detection of pulmonary TB in a Swiss army training camp. The 
QuantiFERON-TB Gold In TUBE® (IGRA) diagnosis was 
positive in 93% of the individuals who shared the same dorm 
with the index case.

The limitation of this study is that TST was not repeated 
eight weeks later in contacts that had an induration ≤5mm; 
initially negative contacts could present an increase of 10mm 
compared to their fi rst results, which could explain the positive 
results obtained using QuantiFERON-TB Gold In TUBE® 
(IGRA) and the negative TST results. An additional limitation 
is the possible small sample size. A strong point of the study 
is the involvement of index case contacts from the State of 
Maranhão, Northeastern Brazil, which has high rates of TB 
incidence (29/100,000hab.)(11) and abandonment (9.1%)(34).
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In summary, both QuantiFERON-TB Gold In TUBE® 
and TST have proven effective for the diagnosis of LTBI in 
household contacts of patients with active TB; both exhibit 
excellent sensitivity, specifi city, predictive values, and accuracy. 
The concordance between these tests was moderate; the 
simplicity and low cost of TST indicate it is a good option for 
LTBI screening in sites with high TB prevalence and a history 
of childhood BCG vaccination. Thus, the diagnosis of LTBI by 
TST is proved to be effective and the initiation of treatment for 
latent forms of TB can prevent the active forms of the disease 
resulting impact on reducing morbidity and mortality from TB.
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