


the in vitro interferon � (IFN-�) as-
say,6-8 based on the concept that T cells
of infected individuals release IFN-�. Al-
though early IFN-� assays used PPD,
newer assays use antigens, such as the
early secreted antigenic target 6
(ESAT-6) and culture filtrate protein 10
(CFP-10). These proteins, encoded
within the region of difference 1 (RD1)
of the M tuberculosisgenome, are sig-
nificantly more specific toM tuberculo-
sisthan PPD, as they are not shared with
BCG substrains or several NTM spe-
cies that might cause nonspecific sen-
sitization.6 The QuantiFERON-TB
assay (Cellestis Limited, Carnegie, Aus-
tralia) was the first commercially avail-
able IFN-� assay. The PPD-based
QuantiFERON-TB test was approved by
the US Food and Drug Administration
in 2001.9 The QuantiFERON-TB Gold,
an enhanced assay based on RD1 anti-
gens, was approved by the Food
and Drug Administration in December
2004. A simplified variant of the
QuantiFERON-TB Gold assay, the
QuantiFERON-TB Gold In-Tube test
(hereafter referred to as IFN-� assay) has
been recently developed. This assay uses
overlapping peptides representing
ESAT-6, CFP-10, and a portion of tu-
berculosis antigen TB7.7 (Rv2654), and
stimulation by this antigenic mixture oc-
curs within the tube used to collect
blood. Other tests, including those us-
ing enzyme-linked immunospot, have
also been evaluated.6-8

Several studies have evaluated IFN-�
assays (in a review article8); however,
very few have been conducted in tu-
berculosis-endemic countries. In such
countries, high BCG vaccine cover-
age, widespread NTM exposure, and
high tuberculosis incidence pose chal-
lenges for the evaluation of any LTBI
test. Because of the paucity of data from
endemic countries and the need for im-
proved tuberculosis diagnostic tests, we
evaluated an RD1-based IFN-� assay in
a high-risk population in India, the
country that accounts for one third of
the global burden of tuberculosis.10,11

An estimated 40% of the Indian popu-
lation is infected and the annual risk of
infection is 1.5%.10-12

Health care workers are at high risk
for tuberculosis.13 Despite India’s tuber-
culosis burden, little is known about tu-
berculosis inhealthcareworkers.14,15The
Revised National Tuberculosis Control
Programme of India is focused on ex-
panding Directly Observed Treatment,
Short-Course services. There are cur-
rently no national guidelines specific for
reducing nosocomial tuberculosis risk.
Because health care workers treat large
numbers of patients16 and isolation fa-
cilities are scarce and expensive, In-
dian hospitals do not routinely isolate
patients with tuberculosis.14,15 Health
careworkersoftenwork incrowdedhos-
pitals with minimal infection control
measures.14 The goals of our study were
to estimate the burden of LTBI in In-
dian health care workers using the TST
and an enhanced IFN-� assay, deter-
mine the agreement between the tests,
and compare their correlation with LTBI
risk factors.

METHODS
Study Design and Setting

We conducted a cross-sectional com-
parison study from January to May 2004,
at the Mahatma Gandhi Institute of
Medical Sciences, a rural medical school
in Sevagram, India. At this hospital,
about 300 patients with tuberculosis are
treated each year and the estimated com-
munity prevalence of smear-positive tu-
berculosis is 200 per 100 000,17 with the
annual riskof infectionat1.2%to1.6%.18

At the Mahatma Gandhi Institute of
Medical Sciences hospital, there are lim-
ited tuberculosis infection control mea-
sures in place and health care workers
are constantly exposed to patients with
tuberculosis. Although no data were
available on the incidence of tubercu-
losis among health care workers at the
time of our study, 5 (33%) of 15 inter-
nalmedicine residentshaddevelopedac-
tive tuberculosis during their training.

Participants

Our study was designed to recruit health
care workers, including trainees, nurses,
laboratory workers, orderlies, and at-
tending physicians. Health care work-
ers who met any of the following crite-

ria were excluded: age younger than 18
years, pregnancy, allergy to tuberculin,
and active tuberculosis in the past. Be-
cause our goal was to recruit all health
care workers at our institution, no for-
mal sample size determination was
made. All participants gave written in-
formed consent, and the research was
approved by the ethics committees at the
Mahatma Gandhi Institute of Medical
Sciences hospital and the University of
California, Berkeley.

Each participant provided data on
age, sex, education, employment, BCG
vaccination, prior TST, and symp-
toms. We also assessed surrogate mark-
ers ofM tuberculosisexposure, includ-
ing year of training, years in the health
care profession, job category, direct
contact with sputum smear-positive tu-
berculosis (defined as contact be-
tween 2 people that is of sufficient dis-
tance to allow conversation between
them5), training in internal medicine,
and household tuberculosis contact.
Education and job category were used
as socioeconomic status indicators. Af-
ter the interview, BCG vaccine scar was
ascertained by inspection and blood was
drawn for the IFN-� assay, followed by
TST administration. The tests were in-
terpreted independently of each other
and of exposure information. Human
immunodeficiency virus testing was not
performed because of the low preva-
lence of positive human immunodefi-
ciency virus expected in this young,
educated population.

Participants who were symptom-
atic or positive by either test were in-
vestigated (using chest radiographs and
sputum microscopy) to rule out active
disease. Although it is not standard
practice to treat LTBI in India, health
care workers diagnosed to have LTBI
(n=360) in our study were offered the
option of counseling on risks and ben-
efits of LTBI treatment. Of these, 61
(17%) health care workers (mostly stu-
dent and staff nurses) elected to un-
dergo standard isoniazid treatment for
6 months.19 As of January 2005, 37
(61%) of 61 health care workers had
completed therapy with no major ad-
verse events.
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TST and IFN- � Testing
As recommended by India’s Revised Na-
tional Tuberculosis Control Pro-
gramme20 and based on previous stud-
ies,3,21 we performed the TST using
1-TU dose of PPD RT23 (Statens Se-
rum Institut, Copenhagen, Den-
mark). Tuberculin skin test was ad-
ministered by a certified technician
using the Mantoux method and read af-
ter 48 to 72 hours using a blinded cali-
per. Interreader variability was as-
sessed using a second independent
reader for a subset of the participants.
The second trained reader used the
same palpation technique as the first.
As recommended by the Revised
National Tuberculosis Control Pro-
gramme20 and consistent with the stan-
dard risk-stratified interpretation,19 an

induration of at least 10 mm was con-
sidered positive. For comparison, 5 mm
and 15 mm cutpoints were also used.

An enhanced “in-tube” version of the
IFN-� assay was used for this study. The
assay involves 2 stages: incubation of
whole blood with antigens, and mea-
surement of IFN-� production in har-
vested plasma by enzyme-linked immu-
nosorbent assay. Venous blood was
directly collected into three 1-mL hep-
arin-containing tubes. One tube con-
tained only heparin as negative control,
another also contained the T-cell mito-
gen phytohemagglutinin as positive con-
trol, and the third tube had overlapping
peptides representing the entire se-
quences of ESAT-6 and CFP-10, and an-
other peptide representing a portion of
TB7.7. Within 2 to 6 hours of blood
draw, the tubes were incubated at 37°C.
After 24 hours of incubation, the tubes
were centrifuged and plasma was har-
vested and frozen at –70°C until the en-
zyme-linked immunosorbent assay was
performed. The amount of IFN-� was
quantified using the enzyme-linked im-
munosorbent assay. The IFN-� values
(IU/mL) for tuberculosis-specific anti-
gens and mitogen were corrected for
background by subtracting the value ob-
tained for the respective negative con-
trol. As recommended by the manufac-
turer and based on previous studies,22,23

the cutoff value for a positive test was
IFN-� of at least 0.35 IU/mL. The en-
zyme-linked immunosorbent assay can-
not accurately determine the absolute
IFN-� values when they exceed 10 IU/
mL. Therefore, IFN-� values of more
than 10 IU/mL are shown as 10 IU/mL
in our graphs. Testing was performed at
the study site, and all assays met quality
control standards.

Statistical Analysis

Statistical analyses were performed us-
ing Stata version 8 (Stata Corp, College
Station, Tex). The outcomes included
agreement between the tests, factors as-
sociated with discordance, and com-
parison of the tests with respect to their
association with risk factors. Agree-
ment between the tests was quantified
using the� statistic. Correlation was also

assessed between continuous IFN-� val-
ues (IU/mL) and TST induration (mm).
Factorsassociatedwithdiscordancewere
explored using a logistic regression
modelwithanydiscordance (eitherposi-
tive TST/negative IFN-� assay or nega-
tiveTST/positive IFN-� assay)as theout-
come, and factors such as age, sex,
exposure to tuberculosis, and BCG vac-
cine as covariates.

Risk factors for test positivity were
evaluated using odds ratios (ORs). To
adjust for multiple covariates, we used
a logistic regression model with TST or
IFN-� assay results as the outcome and
covariates such as markers of tubercu-
losis exposure. Logistic regression was
performed using methods described
elsewhere24: covariates that were sig-
nificant in bivariate analyses were in-
cluded in the preliminary model. In ad-
dition, other covariates (such as age)
that were considered biologically im-
portant were forced into the model ir-
respective of statistical significance. In-
teraction between covariates was
evaluated by adding interaction terms
to the model and evaluating its statis-
tical significance using the WaldP
value. From the initial model, covari-
ates that did not contribute signifi-
cantly were dropped 1 at a time until
the best fitting, parsimonious model
was identified. Model fit was evalu-
ated using the Hosmer-Lemeshow test.24

The results of the final model are pre-
sented as adjusted ORs with 95% con-
fidence intervals (CIs). Because young
trainees in the hospital were expected
to have shorter and uncomplicated ex-
posure histories, and recall of expo-
sure might be better in students, we
planned a prespecified subgroup analy-
sis to evaluate risk factors among 353
medical and nursing students.

RESULTS
Participant Description

Of 1081 eligible health care workers,
726 (67%) participated in the study
(FIGURE 1). Participation rates were
high among students (91%) but low
among attending physicians (10%). As
shown in TABLE 1, medical and nurs-
ing students accounted for 48% of the

Figure 1 . Study Flow Diagram

1081 Eligible Health Care Workers

1 Indeterminate IFN-γ Assay Result;
Repeat Test Valid (Negative Result)

719 Valid TST and IFN-γ Assay
Results

726 Recruited

1172 Total Health Care Workers

2 Excluded
1 Received TST Only
1 Received IFN-γ Assay

Only

355 Refused to Participate

91 Excluded (Age <18 y,
Pregnancy, Tuberculin
Allergy, Past Active
Tuberculosis)

724 Received TST and IFN-γ Assay

5 Invalid TST Results
Excluded (Late Reading)

72 Positive
TST/
Negative
IFN-γ
Assay

62 Negative
TST/
Positive
IFN-γ
Assay

226 Positive
TST/
Positive
IFN-γ
Assay

359 Negative
TST/
Negative
IFN-γ
Assay

TST indicates tuberculin skin test; IFN-�, interferon �.
TST cutpoint is at least 10 mm; IFN-� assay cutpoint
is at least 0.35 IU/mL.

TUBERCULOSIS AMONG INDIAN HEALTH CARE WORKERS

2748 JAMA, June 8, 2005—Vol 293, No. 22(Reprinted) ©2005 American Medical Association. All rights reserved.



cohort. The median age was 22 years
(range, 18-61 years). Only 36 of the
health care workers (5%) had ever been
tuberculin tested and 514 (71%) of 726
had BCG vaccine scars. A total of 493
(68%) of the participants reported di-
rect contact with patients with spu-
tum smear-positive tuberculosis. Ex-
posure was particularly high among
interns, residents, physicians, and
nurses. On average, these health care
workers reported at least 3 contacts with
patients with tuberculosis in the week
before their interviews.

TST Results

Valid TST results were available in 720
(99%) of 726 individuals.FIGURE 2
shows a bimodal TST distribution with
the first peak centered on zero and a
second peak centered on 15. With a cut-
point of at least 10 mm, 298 (41%) of
720 participants were positive (95% CI,
38%-45%). With a cutpoint of at least
15 mm, 167 (23%) of 720 participants
were positive (95% CI, 20%-27%). A
second TST reader independently read
254 (35%) of 720 participants and the
interrater agreement was excellent
(�=0.91).TABLE 2 shows the risk fac-
tors for TST positivity. On multivari-
ate analysis, age (21-30 vs 18-20 years)
and number of years in the health care
profession (�5 vs�1 year) were sta-
tistically significant. Previous BCG vac-
cination was not associated with TST
positivity in bivariate and multivari-
ate analyses.

IFN- � Assay Results

Valid IFN-� assay results were avail-
able for 725 (99%) of 726 participants
(Figure 2). The median IFN-� assay level
was 0.11 IU/mL. With a cutpoint of at
least 0.35 IU/mL, 291 (40%) of 725 par-
ticipants were positive (95% CI, 37%-
43%). Table 2 shows the risk factors for
IFN-� assay positivity. On multivariate
analysis, age (�41 vs 18-20 years), num-
ber of years in the health profession (�5
vs�1 year), and job category (orderlies
vs medical students) were significant.
Previous BCG vaccination was not as-
sociated with IFN-� assay positivity in
bivariate and multivariate analyses.

Subgroup Analysis
Among students, we evaluated covari-
ates, including age, sex, student cat-
egory, socioeconomic status, year of
training, direct contact with active
tuberculosis, household contact,
training in internal medicine, and
BCG vaccine scar. With TST as the
outcome, the final model had only 2
covariates: age and sex. Students aged
21 to 23 years and older than 23 years
had increased ORs compared with
students aged 18 to 20 years (1.45;
95% CI, 0.8-2.6; and 4.2; 95% CI, 1.9-
9.3; respectively). Although not statis-
tically significant, female students had
higher odds of TST positivity (OR,
1.7; 95% CI, 0.9-2.9). With IFN-�
assay as the outcome, only age and
sex were retained in the final model.
The ORs for those participants aged
21 to 23 years and older than 23 years
were 1.36 (95% CI, 0.8-2.4) and 4.01
(95% CI, 1.8-8.8), respectively.
Female students had higher odds of
IFN-� assay positivity (OR, 1.6; 95%
CI, 0.9-2.8) but was not statistically
significant.

Agreement Between TST
and IFN- � Assay Results

Dataonagreementbetween theTSTand
IFN-�assayresultswereavailable for719
participants (TABLE 3). Of these, 360
(50%) were positive by either test and
226 (31%) were positive by both tests.
With a 10-mm cutpoint, the agreement
was 81.4% (�=0.61; 95% CI, 0.56-
0.67).Agreementwas lowerwhen5-mm
and 15-mm cutpoints were used.
FIGURE 3 shows the distribution of
IFN-� assay values by TST category. A
sharp increase in the IFN-� assay val-
ues was observed when the induration
exceeded 10 mm.FIGURE 4 shows the
TST distribution by IFN-� assay sta-
tus. The TST distributions are well-
separated, with a median of 3 mm and
15 mm in the negative IFN-� assay and
positive IFN-� assay groups, respec-
tively (P�.001 for difference between
medians, using the Wilcoxon rank sum
test).

TABLE 4 shows the agreement data
stratified by covariates. Increasing age,

years in health profession, lower edu-
cational level, and specific job catego-
ries (laboratory staff, orderlies, and at-
tending physicians/faculty) were
associated with greater discordance
(either positive TST/negative IFN-�
assay or negative TST/postive IFN-� as-
say) on bivariate analyses. However, on
multivariate analysis, only 2 covari-
ates were important but not statisti-
cally significant: job category (attend-
ing physicians/faculty vs medical
students: OR, 3.9; 95% CI, 0.9-15.6)
and increasing years in health care (OR,
1.3; 95% CI, 0.6-2.8; 2.01; 95% CI, 0.8-
5.4; and 2.1; 95% CI, 0.6-7.5; respec-
tively) for those participants with 2 to
5 years, 6 to 10 years, and more than

Table 1. Participant Characteristics
(N=726)*

Characteristics
No. (%) of

Participants

Age, y
18-20 226 (31)
21-30 324 (45)
31-40 75 (10)
�41 101 (14)

Women 453 (62)
Educational level

Medical degree, master�s,
bachelor�s degree,
or diploma�

619 (85)

High school or lower 107 (15)
Job category

Medical students 227 (31)
Interns 43 (6)
Residents 30 (4)
Nursing students 126 (17)
Nurses 161 (22)
Laboratory staff 39 (5)
Orderlies 87 (12)
Attending physicians/

faculty
13 (2)

Years served in the
health care profession

�1 96 (13)
2-5 343 (47)
6-10 118 (16)
�10 169 (23)

Tuberculin skin tested
in the past

36 (5)

Ever tested for human
immunodeficiency virus

22 (3)

BCG vaccine scar present 514 (71)
Ever had direct contact

with a patient with
tuberculosis�

493 (68)

Ever lived in a household
with a patient with
tuberculosis

40 (6)

*Percentages may not add up to 100 due to rounding.
�In India, diploma is completed after high school but is 1

level less than a bachelors degree; therefore, this cat-
egory does not include high school.

�Direct contact was defined as contact between 2 people
that is of sufficient distance to allow conversation be-
tween them.
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10 years in the health profession com-
pared with those with 1 year or less. A
positive TST/negative IFN-� assay pat-
tern of discordance was more fre-
quently observed with increasing age,
increasing years in the health care pro-
fession, and in specific subgroups
(nurses, laboratory staff, and attend-
ing physicians/faculty). A negative TST/
positive IFN-� assay pattern of discor-
dance was more frequently observed in
those participants with household tu-
berculosis contact. However, none of
these differences were statistically sig-
nificant on multivariate analyses (data
not shown).

COMMENT

Our study demonstrated the expected
high prevalence of LTBI in Indian health
care workers. Although TST and IFN-�
assay use different antigen combina-
tions, it was surprising that these tests
had comparable prevalence estimates
(41% and 40%, respectively) and a high
level of agreement (81.4%,�=0.61).
The marginal bimodal TST distribu-
tion appears to be composed of 2 fairly
well-separated component distribu-
tions of negative and positive IFN-� as-
say individuals. Greater discordance be-
tween the PPD-based TST and the

tuberculosis-specific antigen–based
IFN-� assay was expected. The use of
1-TU dosage of PPD in our study may
have improved TST specificity, as many
countries use a 2-TU dosage.21 Increas-
ing age and years in the health profes-
sion were risk factors for both IFN-�
assay and TST positivity, and the risk
factor associations were fairly similar
for both tests. To our knowledge, our
study is the largest evaluation of an
IFN-� assay among health care work-
ers in a developing country and the first
report of the In-Tube version of the
QuantiFERON-TB Gold assay. This ver-
sion of the assay is easier to perform and
facilitates testing of people in remote
locations.

The high prevalence of LTBI in our
study is consistent with estimates from
other developing countries.13,25-27How-
ever, our prevalence of approximately
40% might be an underestimate be-
cause we recruited few senior physi-
cians who were older and, presum-
ably, more frequently exposed to
M tuberculosis. Also, our study was not
designed to determine if tuberculosis
transmission occurred in the nosoco-
mial setting. Although studies from
India have suggested a high rate of
tuberculosis among health care

workers,14,15 these studies did not test
for LTBI.

The risk factors we identified have
been shown to be important in several
studies.13,25-29 Age and years in health
care reflect cumulative exposure to
M tuberculosis. Variability of risk
across job categories may reflect varia-
tions in exposure frequency and inten-
sity.28,29 Although direct contact with
patients with tuberculosis has been
shown to be a risk factor in previous
studies,13,25-27 we did not find a strong
effect. However, this is not surprising
as nearly 70% of our health care work-
ers reported direct contact, reducing
the predictive ability of this exposure
factor. Overall, our findings highlight
the need to study tuberculosis among
Indian health care workers. India’s
Revised National Tuberculosis Control
Programme is the largest Directly
Observed Treatment, Short-Course
program in the world,16 and the safety
and well-being of health care workers
is important for the continued expan-
sion of this successful program. Fur-
ther research is needed to document
the incidence of tuberculosis among
Indian health care workers and deter-
mine the rate of nosocomial transmis-
sion. If such studies demonstrate a

Figure 2 . Distribution of TST (n=720) and IFN-� Assay (n=725) Responses
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problem, control strategies will be
needed to address the issue.

Several studies have compared RD1-
based IFN-� assays with TST, mostly
in low-endemic populations.8 The
agreement in our high-endemic popu-
lation (81.4%), interestingly, is consis-
tent with those data reported by a ma-
jority of the studies.22,30-33A recent study
on an RD1-based IFN-� assay that re-
ported agreement data showed an agree-
ment of 94%, but this analysis in-

Table 2. Covariates Associated With Positive TST and IFN-� Assay Results

Covariate

TST Cutpoint �10 mm IFN-� Assay Cutpoint �0.35 IU/mL

No. Positive/
Total No.

Tested (%)

OR (95% CI) No. Positive/
Total No.

Tested (%)

OR (95% CI)

Unadjusted Adjusted* Unadjusted Adjusted*

Age, y
18-20 47/225 (21) 1.00 1.00 50/226 (22) 1.00 1.00

21-30 130/322 (40) 2.56 (1.73-3.79) 1.91 (1.12-3.25) 127/323 (39) 2.28 (1.55-3.35) 1.48 (0.88-2.48)

31-40 49/75 (65) 7.13 (4.02-12.67) 1.75 (0.63-4.80) 42/75 (56) 4.48 (2.57-7.79) 1.43 (0.54-3.80)

�41 72/98 (73) 10.48 (6.04-18.20) 2.92 (0.94-9.01) 72/101 (71) 8.73 (5.12-14.89) 3.09 (1.04-9.21)

Sex
Male 98/270 (36) 1.00 1.00 102/273 (37) 1.00 1.00

Female 200/450 (44) 1.40 (1.02-1.91) 1.49 (0.96-2.31) 189/452 (42) 1.20 (0.88-1.63) 1.22 (0.78-1.87)

Education level
Medical degree, master�s,

bachelor�s degree,
or diploma

226/617 (37) 1.00 216/618 (35) 1.00

High school or lower 72/103 (70) 4.02 (2.55-6.31) 75/107 (70) 4.36 (2.79-6.81)

Job category
Medical students 52/227 (23) 1.00 1.00 49/227 (22) 1.00 1.00

Nursing students 36/125 (29) 1.36 (0.82-2.23) 1.05 (0.60-1.83) 41/126 (33) 1.75 (1.07-2.85) 1.63 (0.94-2.83)

Interns 8/43 (19) 0.76 (0.33-1.76) 0.43 (0.18-1.06) 12/43 (28) 1.40 (0.67-2.94) 0.87 (0.39-1.91)

Residents 13/30 (43) 2.57 (1.17-5.64) 0.51 (0.19-1.32) 13/30 (43) 2.77 (1.26-6.11) 0.83 (0.32-2.14)

Nurses 104/161 (65) 6.14 (3.92-9.60) 1.55 (0.81-2.95) 88/160 (55) 4.43 (2.84-6.92) 1.56 (0.82-2.96)

Laboratory staff 23/39 (59) 4.83 (2.38-9.83) 0.93 (0.37-2.38) 21/39 (54) 4.23 (2.09-8.57) 1.07 (0.43-2.66)

Orderlies 57/83 (69) 7.37 (4.22-12.88) 1.49 (0.68-3.29) 63/87 (72) 9.53 (5.41-16.8) 2.71 (1.25-5.86)

Attending physicians/faculty 5/12 (42) 2.40 (0.73-7.89) 0.41 (0.10-1.59) 4/13 (31) 1.61 (0.47-5.46) 0.41 (0.10-1.61)

Years served in the
health care profession

�1 23/95 (24) 1.00 1.00 17/96 (18) 1.00 1.00

2-5 86/343 (25) 1.04 (0.61-1.77) 0.76 (0.42-1.37) 98/343 (29) 1.85 (1.04-3.30) 1.61 (0.86-3.02)

6-10 72/117 (62) 5.00 (2.75-9.11) 2.78 (1.23-6.25) 67/117 (57) 6.22 (3.28-11.80) 4.15 (1.81-9.50)

�10 117/165 (71) 7.63 (4.28-13.59) 3.20 (1.08-9.45) 109/169 (65) 8.44 (4.58-15.55) 3.34 (1.13-9.81)

BCG vaccine scar
Absent 87/209 (42) 1.00 90/212 (42) 1.00

Present 211/511 (41) 0.98 (0.71-1.36) 201/513 (39) 0.87 (0.63-1.20)

Direct contact with tuberculosis
No 84/229 (37) 1.00 84/233 (36) 1.00

Yes 214/491 (44) 1.33 (0.96-1.84) 207/492 (42) 1.28 (0.93-1.77)

Household contact
with tuberculosis

No 282/680 (42) 1.00 271/685 (40) 1.00

Yes 16/40 (40) 0.94 (0.49-1.80) 20/40 (50) 1.52 (0.80-2.89)
Abbreviations: CI, confidence interval; IFN-�, interferon �; OR, odds ratio; TST, tuberculin skin test.
*From a multivariate logistic regression model with age, sex, job category, and years in health care as covariates.

Table 3. Agreement Between TST and IFN-� Assay Results (n = 719)

Results*

TST Cutpoint, mm

�5 �10 �15

Positive TST/positive IFN-� assay 259 226 148

Negative TST/negative IFN-� assay 254 359 412

Positive TST/negative IFN-� assay 177 72 19

Negative TST/positive IFN-� assay 29 62 140

Agreement, % 71.4 81.4 77.9

� (95% CI) 0.45 (0.39-0.51) 0.61 (0.56-0.67) 0.51 (0.44-0.57)
Abbreviations: CI, confidence interval; IFN-�, interferon �; TST, tuberculin skin test.
*IFN-� assay cutpoint was at least 0.35 IU/mL.
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cluded participants who had not
received BCG vaccine.22 Only 1 pub-
lished study has estimated the preva-
lence of LTBI in India using an IFN-�
assay. Lalvani et al34 showed that 80%
of healthy adults (affluent corporate ex-
ecutives) in Bombay (Mumbai) tested
enzyme-linked immunospot�positive to
either ESAT-6 or CFP-10. In contrast,
only 40% of our high-risk cohort was
positive by IFN-� assay, in line with the

epidemiological estimate for India of
40%10 and the 41% TST positivity in the
present study. Differences in IFN-� as-
say methodology might explain this dif-
ference.

Although previous studies have
shown BCG vaccine to cause a posi-
tive TST/negative IFN-� assay discor-
dance,31,35 previous BCG vaccination
had little impact on TST in our study.
Our study largely comprised adults who
received BCG vaccine (Danish 1331
strain) at birth. In individuals vacci-
nated in infancy, TST response due to
BCG vaccine wanes rapidly.3,5,36,37An-
other explanation could be misclassi-
fication of BCG vaccine status owing to
the use of scar as a proxy.3,36Recent tu-
berculin surveys from India, involv-
ing more than 100 000 children, have
also shown the BCG vaccination does
not influence the estimation of annual
risk of infection.36,38,39 However, BCG
vaccine might have an effect on TST in
other populations, depending on vac-
cine strain, timing, frequency, and time
since vaccination.4,5,37 Infection with
NTM, which tends to cause nonspe-
cific tuberculin sensitivity, is highly
prevalent in India.3,40 Therefore, NTM
infection might have caused false-
positive TST results. Because the IFN-�

assay uses RD1 antigens, the effect of
NTM on the test should be limited.
However, ESAT-6 and CFP-10 have the
potential to cross-react with certain
NTM species,6,30 and it has been sug-
gested that cross-reactivity may exist
with Mycobacterium leprae.41 Because
NTM and M lepraeare endemic in In-
dia, research is needed to study the
effect of NTM on IFN-� assays.

Our cross-sectional data suggest that
both tests are comparable in the popu-
lation we studied. However, this does
not necessarily indicate that these tests
are completely equivalent because they
do not measure exactly the same im-
munological phenomenon.35To put our
findings in context, it is important to
review the evidence on the perfor-
mance characteristics of these tests.

The TST has moderate to high sensi-
tivity and specificity, depending on the
population screened, with specificity
being more unpredictable.2-5 Several
studies have shown a positive associa-
tion between TST response and subse-
quent risk of active tuberculosis,2,4,42,43

and randomized trials have shown that
treatment of LTBI, diagnosed using TST,
reduces the risk of active tuberculosis by
60% to 90%.19 Furthermore, the TST is
a simple test with low material costs that
does not require a laboratory, but does
require skilled testers.

The RD1-based IFN-� assays have
higher specificity than TST, better cor-
relation with exposure toM tuberculo-
sisthan TST, no cross-reactivity due to
BCG vaccination, and limited cross-
reactivitydue toNTMinfection.6-9,22,23,31,35

Other advantages include rapidity, the
need for only a single visit, avoidance of
subjective measurements, and boost-
ing.6,7,35 There is limited evidence of an
association between IFN-� assay re-
sponse to ESAT-6 and subsequent pro-
gression to active tuberculosis among
contacts of patients with tuberculosis.44

To date, no trial has demonstrated the
efficacy of treatment based on IFN-� as-
say results. A limitation of IFN-� assays
is its higher material costs and the need
for laboratory infrastructure.8Also, IFN-�
assays have been inadequately evalu-
ated in children, individuals with im-

Figure 3 . Correlation Between TST and
IFN-� Assay Responses (n=719)
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Figure 4 . Distribution of TST Responses by IFN-� Assay Status (n=719)
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munosuppressive conditions, and in
high-burden countries.8

Our study has several limitations.
Unlike the previous IFN-� assay stud-
ies in outbreak and contact investiga-
tions,22,31-33 we were unable to quan-
tify duration and proximity of contact
with patients with tuberculosis. Such
exposure measures might have en-
abled us to evaluate whether the IFN-�
assay was better associated with in-
creasing exposure than TST, although
in a high prevalence health care worker

population this may be difficult. Be-
cause of the cross-sectional design and
the lack of follow-up data, we were un-
able to adequately resolve the discor-
dance between the 2 tests.

We were also unable to measure im-
portant covariates, such as NTM and
human immunodeficiency virus infec-
tion. Information on human immuno-
deficiency virus status would have
helped to better evaluate the perfor-
mance of the IFN-� assay. Although
nonresponse among senior physicians

might have led to an underestimation
of LTBI prevalence, it is unlikely to
affect the comparisons between TST
and the IFN-� assay. Unfortunately, due
to lack of data from nonparticipants, we
could not compare their characteris-
tics with those who did participate.

Although consistent with the In-
dian policy, the use of 1-TU dose of PPD
RT23 limits our ability to compare our
data with studies that have used 2-TU
dosages. Our study consisted of health
care workers in a high prevalence coun-

Table 4. Discordance Between TST and IFN-� Assay Results*

Covariates

Agreement Between
TST and IFN-� Assay

No. of
Discordant

Results/Total
No. Tested

%

% � (95% CI)

Positive TST/
Positive

IFN-� Assay

Negative TST/
Negative

IFN-� Assay

Positive TST/
Negative

IFN-� Assay

Negative TST/
Positive

IFN-� Assay

Age, y
18-20 85.3 0.57 (0.43-0.70) 33/225 14 71 7 8

21-30 81.9 0.62 (0.54-0.71) 58/321 31 51 10 8

31-40 77.3 0.53 (0.34-0.72) 17/75 49 28 16 7

�41 73.5 0.34 (0.13-0.54) 26/98 59 14 14 12

Sex
Male 81.1 0.59 (0.49-0.69) 51/270 27 54 9 10

Female 81.5 0.62 (0.55-0.70) 83/449 34 48 11 8

Education level
Medical degree, master�s,

bachelor�s degree,
or diploma

82.6 0.62 (0.56-0.69) 107/616 27 56 10 8

High school or lower 73.8 0.37 (0.18-0.57) 27/103 57 17 13 14

Job category
Medical students 85.5 0.58 (0.45-0.71) 33/227 15 70 8 7

Nursing students 81.6 0.57 (0.41-0.72) 23/125 22 60 7 11

Interns 90.7 0.74 (0.51-0.97) 4/43 19 72 0 9

Residents 86.7 0.73 (0.48-0.98) 4/30 37 50 7 7

Nurses 80.0 0.59 (0.46-0.71) 32/160 50 30 15 5

Laboratory staff 69.2 0.38 (0.08-0.67) 12/39 41 28 18 13

Orderlies 75.9 0.42 (0.20-0.63) 20/83 59 17 10 14

Attending physicians/faculty 50.0 �0.09 (�0.60 to 0.42) 6/12 8 42 33 17

Years served in the
health care profession

�1 87.4 0.62 (0.43-0.81) 12/95 15 73 9 3

2-5 84.3 0.60 (0.50-0.70) 54/343 19 65 6 10

6-10 77.6 0.54 (0.38-0.69) 26/116 48 29 14 9

�10 74.6 0.42 (0.27-0.56) 42/165 55 19 16 10

BCG vaccine scar
Absent 84.2 0.68 (0.57-0.78) 33/209 34 50 8 8

Present 80.2 0.59 (0.52-0.66) 101/510 30 50 11 9

Direct contact with tuberculosis
No 81.7 0.60 (0.50-0.71) 42/229 27 55 10 9

Yes 81.2 0.62 (0.55-0.69) 92/490 33 48 10 9

Household contact
with tuberculosis

No 81.4 0.61 (0.55-0.67) 126/677 31 50 10 8

Yes 80.0 0.60 (0.36-0.84) 8/40 35 45 5 15
Abbreviations: CI, confidence interval; IFN-�, interferon �; TST, tuberculin skin test.
*TST cutpoint was at least 10 mm and IFN-� assay cutpoint was at least 0.35 IU/mL.
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try. Although this may limit our abil-
ity to generalize the results to settings
with different baseline prevalences, we
believe our data will be helpful in un-
derstanding the performance of IFN-�
assays in high-burden settings for which
data are scarce.8

In conclusion, our study showed a
high prevalence of LTBI in Indian health
care workers and high agreement be-
tween TST and an RD1-based IFN-� as-
say. Our results and the available evi-
dence suggest that both tests have
advantages and limitations and, as of this
time, both may have a useful role, de-
pending on factors unique to each set-
ting. The emergence of IFN-� assays is
a welcome development that has ex-
panded the armamentarium of LTBI di-
agnostics. The decision to select one or
the other test will depend on the popu-
lation, the goal of testing, and the re-
sources available. For example, for se-
rial testing of health care workers, the
IFN-� assay will be appropriate. It will
eliminate the need for repeat visits, avoid
boosting, and minimize interpreta-
tional difficulties. Because of its high
specificity, RD1-based assays will be
helpful in populations where cross-
reactivity due to BCG vaccine and NTM
pose problems in TST interpretation
and/or where true tuberculosis infec-
tion rate is relatively low. Furthermore,
the IFN-� assaymaybehelpful inscreen-
ingpopulations inwhich lowreturn rates
for TST reading are a concern.

On theotherhand, inhigh-burden, re-
source-limited settings, the TST might
serve a useful purpose. In India, the TST
is widely used in diagnosing childhood
tuberculosis,3,20 and in epidemiological
studies on annual risk of infection in
which blood testing will be diffi-
cult.3,10,12,18,21,36In India, a 15-year fol-
low-up of 280 000 individuals showed
that TST response is significantly asso-
ciated with development of active tuber-
culosis.42Our findingsandevidence from
Indian studies3,10,18,21,36suggest that the
TSTremainsauseful test, particularlybe-
cause of the low cost and since BCG vac-
cinehasa limitedeffectonTST.36,38,39The
relationship between BCG vaccine and
subsequent TST response may vary in

other populations. To fully evaluate the
use of IFN-� assays, long-term cohort
studies to determine the association be-
tween positive IFN-� assay results and
the subsequent risk of active tuberculo-
sis are required in diverse settings.8 If
such studies demonstrate a strong con-
sistent association, IFN-� assays might
have the potential to replace TST.
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There is an art of reading, as well as an art of think-
ing, and an art of writing.

—Isaac D’Israeli (1766-1848)
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