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SUMMARY

BACKGROUND: Phase 3 TB vaccine trials are chal-
lenging in low-incidence settings due to the need for large
sample sizes and extended follow-up. This global, ob-
servational study evaluated population-based interferon-
gamma release assay (IGRA) status — a measure of TB
infection (TBI), as a proxy for TB incidence to identify
trial sites in high-incidence areas.

METHODS: Participants (15-34 years) were recruited
from 435 sites in 14 countries. IGRA status at Day 1 and
Month 12, association of IGRA status with age, and
IGRA conversion (TBI) were assessed.

RESULTS: Among 7,164 enrolled participants, Day
1 IGRA positivity varied across sites and within coun-
tries, with the highest prevalence observed in South Africa

(58.7%, site 1006; 53.1%, site 10105 51.9%, site 1007)
and the Democratic Republic of Congo (50.0%, site
2303). IGRA positivity was generally higher among older
participants. At Month 12, sites with highest IGRA
conversion were observed in the Philippines (32.3 %, site
1507) and Zambia (30.6%, site 1303).

CONCLUSION: In TB vaccine efficacy trials with clinical
endpoints, selecting sites with the highest TB incidence is
critical to optimise sample size and follow-up duration.
Site-level IGRA status could inform site selection by
identifying communities at increased risk of Mycobac-
terium tuberculosis infection.

KEY WORDS: tuberculosis; TBI; epidemiology; IGRA;
vaccine efficacy trial

TB is a leading cause of death due to a single infectious
agent, Mycobacterium tuberculosis (Mtb), with an
estimated 1.25 million deaths worldwide in 2023.
The burden of pulmonary TB is highest among ado-
lescents and adults, who are the primary source of Mtb
transmission, and modelling suggests that a vaccine
aiming to prevent pulmonary TB in these groups could
be cost-effective even at relatively low efficacy
levels.”™* BCG (Bacillus Calmette-Guérin) is currently
the only TB vaccine, but its protection starts to decline
in adolescence and it offers minimal or no protection
against pulmonary TB in adults.” New vaccines are
urgently needed to help end the TB epidemic. Within
resource-limited countries, where TB is most preva-
lent, the incidence rate of the disease could vary

between neighbourhoods.® As such, accurate site-
specific epidemiology data are needed to support
site selection for TB vaccine efficacy trials. It is critical
to conduct efficacy trials in communities with the
highest possible TB incidence to optimise both sample
size and follow-up duration. Given the large sample
size needed to measure site-level TB incidence, we used
interferon-gamma release assay (IGRA) status as a
proxy for TB infection.

The primary purpose of this observational study
was to evaluate IGRA status among people living in
settings of high TB risk to identify sites with suitable
local epidemiology in anticipation of a planned phase
3 TB vaccine efficacy trial (NCT06062238). This
study also intended to build site capacity and clinical
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research experience, helping sites become familiar with
procedures expected in future TB vaccine trials.

METHODS

This was a global, observational epidemiologic
study (NCT05190146) designed to assess IGRA
positivity at the site level. To evaluate TB signs and
symptoms, participants visited the study site every
6 months after the Day 1 screening visit. IGRA status
was assessed on Day 1 and Month 12. Eligible
participants (15-34 years inclusive) were capable of
giving informed consent or informed assent and
were considered to be at high risk for M¢b infection
and progression to TB disease. High risk was defined
as living in a community with a high burden of TB.
Exclusion criteria included prior experimental Mtb
vaccination, active TB within the last 24 months, or
uncontrolled chronic conditions.

Across sites, teams were instructed to recruit
participants who resided in communities classified
locally as having a high TB burden. However,
implementation of this instruction was not com-
pletely uniform. At most sites, recruiters specifi-
cally targeted communities known or believed to
have a high TB burden. The recruitment strategy
focused on the broad general population within the
local community, rather than specifically targeting
groups such as household contacts or health care
workers.

Procedures

On Day 1, assessments included medical history
review, demographics, and full physical examina-
tion. Blood samples were drawn for IGRA
(QuantiFERON®-TB Gold Plus [QFT-Plus] assay;
Qiagen, MD, USA) and HIV testing (Supplementary
Data Table S1). Positive, negative, and indetermi-
nate IGRA status were determined based on man-
ufacturer’s instructions.” Active surveillance for
signs and symptoms compatible with incident TB
disease continued throughout the study. Suspected
TB cases (defined as a participant presenting with
unexplained cough, unexplained fever, night sweats,
unintentional weight loss, or haemoptysis) promp-
ted unscheduled visits for medical evaluation and
collection of sputum and blood samples. Sputum
samples were collected at three different suspected
TB visits, within a maximum period of 1 week. A
laboratory-confirmed pulmonary TB case was de-
fined as a participant with suspected pulmonary TB
who had at least one positive Mtb culture or at least
one positive GeneXpert® MTB/RIF Ultra (Xpert
Ultra; Cepheid USA) test result, based on the three
sputum samples collected. Trace results from Xpert
Ultra assay were considered positive. Clinical TB is
defined in the Supplementary Data. Samples for HIV
and IGRA testing were collected at one of the three

suspected TB visits. Samples were also collected for
IGRA testing at Month 12. Sample processing and
testing at all sites is described in the Supplementary Data.

Outcomes

The primary objective was the prevalence of IGRA
positivity by site. IGRA status at Day 1 was sum-
marised by site and by country.

Secondary objectives were the association of age
with IGRA positivity, by site, and overall incidence
rate of suspected and laboratory-confirmed pul-
monary TB. IGRA positivity was summarised by age
groups (15-24 and 25-34 years) for each site and
country. Incidence rates of suspected, laboratory-
confirmed, and clinical TB were summarised by
country. Exploratory endpoints compared IGRA
status at Month 12 versus Day 1.

Statistical analysis

The all-enrolled analysis set comprised all screened
participants who fulfilled eligibility requirements.
The per-protocol set included participants who
met all the inclusion and none of the exclusion
criteria and had IGRA status available at Day 1,
including participants with suspected TB. The per-
protocol was used for analysing all study objectives.
This was an estimation study, and no formal sta-
tistical hypotheses were tested. The percentage of
participants with positive IGRA was calculated as
all participants with positive IGRA status divided
by the total number of participants who had an
IGRA test result (positive/negative/indeterminate)
available at Day 1. Two-sided 95% confidence
intervals (CIs) were based on the binomial distri-
bution and were calculated using the Wald or
Clopper-Pearson method, as appropriate. The
Wald method, including correction for continuity,
was used for sample sizes of >100.

A multilevel mixed-effects logistic regression model
was used to assess the association between age and the
odds of a positive IGRA at screening. The model in-
cluded a random effect for site, nested within country.
Covariates for baseline characteristics including age
(continuous), sex (male/female), body mass index
(BMI; continuous), BCG scar (Yes/No), prior or
baseline TB disease prevention treatment (TPT; Yes/
No), Hispanic or Latino ethnicity (Yes/No), race (six
categories), health care profession (Yes/No), and
positive HIV status (Yes/No) were considered for the
model at 0.1 significance level. Younger age
(15-24 years) was used as the reference group, and
therefore higher odds ratios (ORs) were indicative of
higher odds of IGRA positivity for older ages.
ORs >1 illustrate the increase in odds for each 1-year
increase in age. Incidence rates of suspected and
laboratory-confirmed pulmonary TB were calculated
as described in the Supplementary Data.
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Table 1. Demographics and baseline characteristics by country (per-protocol set).
Democratic
Republic of
Bangladesh Brazil Congo The Gambia India Indonesia Kenya
Characteristics (N = 160) (N =319 (N = 471) (N =159) (N = 160) (N = 480) (N = 639)
Mean age, years (SD) 25.31 (4.67) 25.13 (4.19) 23.49 (5.12) 23.01 (5.71) 25. 41 (4.87) 23.58 (4.62) 25.19 (4.54)
15-24 years 75 (46.9) 147 (46.1) 291 (61.8) 95 (59.7) 1 (44.4) 299 (62.3) 302 (47.3)
25-34 years 85 (53.1) 172 (53.9) 180 (38.2) 64 (40.3) 9 (55.6) 181 (37.7) 337 (52.7)
Females 68 (42.5) 204 (64.0) 193 (41.0) 109 (68.6) 0(31.3) 201 (41.9) 342 (53.5)
Race
Black 0 117 (36.7) 471 (100) 159 (100) 0 0 639 (100)
White 0 148 (46.4) 0 0 0 0 0
Asian 156 (97.5) 0 0 0 160 (100) 480 (100) 0
Southern American 3(1.9 0 0 0 0 0 0
Indian
Southern African 1(0.6) 0 0 0 0 0 0
coloured
Other 0 1(0.3) 0 0 0 0 0
Mixed 53 (16.6)
Ethnicity
Not Hispanic or Latino 160 (100) 160 (50.2) 471 (100) 159 (100) 159 (99.4) 480 (100) 637 (99.7)
Hispanic or Latino 0 159 (49.8) 0 0 1(0.6) 0 2(0.3)
Health care profession 0 49 (15.4) 35 (7.4) 1(0.6) 0 6(1.3) 10 (1.6)
(student or Worker)
Mean BMI, kg/m? (SD) 22.60(4.19)  27.18(6.55) 21.35(3.36) 21.75 (4.32) 22.84 (2.36) 23.69 (6.00) 23.61(5.15)
Underwelght <185 24 (15.0) 10 (3.1) 77 (16.3) 34 (21.4) 1(0.6) 91 (19.0) 48 (7.5)
kg/m?
Obese: >30 kg/m? 9 (5.6) 86 (27.0) 9 (1.9 10 (6.3) 0 73 (15.2) 81(12.7)
BCG scar present 158 (98.8) 306 (95.9) 420 (89.2) 103 (64.8) 159 (99.4) 391 (81.5) 599 (93.7)
Positive HIV status 0 8 (2.5) 0 3(1.9 1(0.6) 1(0.2) 40 (6.3)
Prior or baseline TPT 0 0 0 0 0 0 0
Mozambique Peru Philippines South Africa Uganda Vietnam Zambia
Characteristics (N =319 (N =316) (N=1,117) (N =1,410) (N = 320) (N =626) (N =639)
Mean age, years (SD) 22.99 (5.07) 25.00 (4.57) 24.52 (4.92) 24.58 (4.87) 2445 (4.34) 23.65(4.85) 23.32 (4.75)
15-24 years 228 (71.5) 160 (50.6) 604 (54.1) 726 (51.5) 173 (54.1) 387 (61.8) 386 (60.4)
25-34 years 91 (28.5) 156 (49.4) 513 (45.9) 684 (48.5) 147 (45.9) 239 (38.2) 253 (39.6)
Females 158 (49.5) 188 (59.5) 551 (49.3) 766 (54.3) 161 (50.3) 322 (51.4) 418 (65.4)
Race
Black 319 (100) 0 0 1,254 (88.9) 320 (100) 0 639 (100)
White 0 2 (0.6) 0 13 (0.9) 0 0 0
Asian 0 0 1,117 (100) 0 0 626 (100) 0
Southern American 0 5(1.6) 0 0 0 0 0
Indian
Southern African 0 0 0 142 (10.1) 0 0 0
coloured
Other 0 1(0.3) 0 0 0 0 0
Mixed 0 308 (97.5) 0 1(0.1) 0 0 0
Ethnicity
Not Hispanic or Latino 317 (99.4) 0 1, 116 (99.9) 1,397 (99.1) 319 (99.7) 626 (100) 639 (100)
Hispanic or Latino 2 (0.6) 316 (100) 1(0.1) 13 (0.9) 1(0.3) 0 0
Health care profession 1(0.3) 12 (3.8) 18 (1.6) 10 (0.7) 9 (2.8) 78 (12.5) 20 (3.1)
(student or worker)
Mean BMI, kg/m2 (SD) 22.33 (3.86) 27.42 (5.57) 24.63 (5.05) 24.45 (6.95) 23.17 (4.50) 22.59 (4.44) 22.04 (4.21)
Underweight: 30 (9.4) 5(1.6) 93 (8.3) 244 (17.3) 26 (8.1) 99 (15.8) 86 (13.5)
<18.5 kg/m?
Obese: >30 kg/m2 16 (5.0) 84 (26.6) 156 (14.0) 280 (19.9) 27 (8.4) 50 (8.0) 36 (5.6)
BCG vaccine scar 308 (96.6) 249 (78.8) 869 (77.8) 793 (56.2) 242 (75.6) 564 (90.1) 426 (66.7)
present
Positive HIV status 29 (9.1) 3(0.9) 6 (0.5) 154 (10.9) 20 (6.3) 5(0.8) 66 (10.3)
Prior or baseline TPT 0 2 (0.6) 6 (0.5) 13 (0.9) 0 1(0.2) 0

Data are n (%) unless otherwise specified. Denominator for percentages based on the number of participants in the per-protocol set within each country.
BCG = Bacillus Calmette-Guerin; BMI = body mass index; TPT = TB prevention treatment.

Ethical statement
The study was conducted in compliance with the Good

Clinical Practice guidelines per the International
Council for Harmonisation E6(R2), and all applicable
local and national regulatory requirements. The pro-
tocol was approved by the relevant independent ethics
committees.

RESULTS

This study was conducted from 20 December 2021
(first participant enrolled) through 16 August 2024
(last participant last visit), across 45 sites in
14 countries (Table 1; Supplementary Data Table
§2). Of 7,280 participants screened, 7,164 (98.4%)
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Table 2. Incidence rate of laboratory-confirmed pulmonary TB by country (per-protocol set).
Number of
Number of participants with
participants in first laboratory-confirmed Incidence rate 95% ClI

Country per-protocol set pulmonary TB Person years (IR/100, 000) for IR
The Gambia 159 1 255.5 391.4 9.9-2,149.8
India 160 1 162.4 615.7 15.6-3,382.1
Indonesia 480 2 439.9 454.6 55.1-1,633.4
Kenya 639 3 973.7 308.1 63.6-896.4
Peru 316 1 4491 222.7 5.6-1,231.8
Philippines 1,117 4 1,708.0 234.2 63.9-597.9
South Africa 1,410 9 2327.8 386.6 177.0-731.9
Vietnam 626 2 896.9 223.0 27.0-802.1
Zambia 639 1 898.8 111.3 2.8-617.7

Bangladesh, Brazil, Democratic Republic of Congo, Mozambique, and Uganda had no cases of laboratory-confirmed pulmonary TB. The laboratory-confirmed
pulmonary TB incidence rates were calculated as the number of first laboratory-confirmed pulmonary TB event presented during the study follow-up period divided
by the number of participant days at risk during the follow-up period and expressed as the number of events per 100,000 participant-years. The corresponding
95% two-sided confidence interval associated with the incidence rate of laboratory-confirmed pulmonary TB overall was derived based on binomial distribution

assumption.
Cl = confidence interval; IR = incidence rate.

were enrolled and 7,135 (98.0%) were included in
the per-protocol set (Supplementary Data Figure
S$1). Demographics and baseline characteristics by
sites are described in Supplementary Data Table S3.
The median (interquartile range [IQR]) follow-up
duration for all enrolled participants was
17.1 months (16.2-9.3). The site with the shortest
duration in the study was site 2201 in Indonesia
(median [IQR] of 10.9 months [10.64-11.10]), and
with the longest duration was site 1008 in South
Africa (median [IQR] of 21.9 months [21.85-
22.67]).

(n)of P

Figure 1.

IGRA positivity

IGRA positivity at Day 1 varied across sites, both
within and between countries (Table 2). The sites with
the highest Day 1 IGRA positivity were in South Africa
(58.7%, site 10065 53.1%, site 1010; 51.9%, site
1007; 50.0%, site 1004) and the Democratic Republic
of Congo (DRC; 50.0%, site 2303) (Figure 1; Sup-
plementary Data Table S4). At most of the sites, the
percentage of participants with positive IGRA was
greater among those aged 25-34 years compared with
15-24 years (Figure 2; Supplementary Data Table S5).
Among participants aged 15-24 years, IGRA

IGRA status at Day 1, by site (per-protocol set). Figure shows participants with IGRA status at Day 1, grouped by sites at

each country. Each bar represents the percentage of participants with IGRA positive (blue), negative (green), or indeterminate (orange)
status. Error bars represent 95% Cls. IGRA = interferon-gamma release assay; Cl = confidence interval.
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Figure 2. IGRA positivity at Day 1 by age category and site (per-protocol set). Figure shows participants with IGRA-positive status at

Day 1 stratified by age categories and grouped by sites at each country. Each pair of bar represents the percentage of IGRA-positive
participants in 15-24 years (blue) and 25-34 years (orange) age category. Error bars represent 95% Cls. IGRA = interferon-gamma

release assay; Cl = confidence interval.

positivity was highest in South Africa, followed by the
DRC. In the 25-34 years age group, IGRA positivity
of >50% was observed at multiple sites including in
South Africa, the DRC, Kenya, and Zambia.

Association of age with IGRA status

The multilevel mixed-effect regression model found
older age, males, absence of BCG scar, having prior or
baseline TPT, and higher baseline BMI to be positively
associated with having a positive IGRA result at
screening. Among the 435 sites, nine had lower bounds
of the 95% CI for the adjusted OR exceeding 1 for the
association between age and IGRA positivity at Day 1
(Figure 3). For these nine sites, the odds of a positive
IGRA status at Day 1 increased for each 1-year in-
crease in age, with the highest estimated OR of 1.16 in
Indonesia (site 2201). For the remaining 36 sites, 95%
CIs for ORs encompassed 1 indicating no statistical
significance. Ethnicity, race, health care profession, and
HIV status were found to be not statistically significant
and therefore were not included in the final model.

IGRA conversions and reversions

At Month 12, IGRA conversion (IGRA negative at
Day 1 and positive at Month 12) greater than 10%
was observed at 11 sites: one site in Bangladesh, two in
the DRC, two in Indonesia, four in the Philippines, one

in Vietnam, and one in Zambia (Supplementary Data
Table S6). Among these, site 1303 in Zambia and site

1507 in the Philippines reported 30.6% and 32.3%
conversion, respectively, and the remaining nine sites
reported conversion ranging from 10.5% in Indonesia
to 18.4% in Philippines. All other sites reported IGRA
conversion below 10%, with the lowest percentage
observed in India (1.5%). IGRA reversion at Month
12 (IGRA positive at Day 1 and negative at Month 12)
of greater than 10% was observed at two sites: site
1201 in Kenya (11.9%) and site 1503 in the Philip-
pines (10.7%; Supplementary Data Table S6).

Incidence rates

The incidence rate for suspected pulmonary TB was
highest in South Africa (12,441.7/100,000), followed
by Brazil (4,596.6/100,000) and Uganda (3,745.8/
100,00; Supplementary Data Table S7). A total of
24 cases of laboratory-confirmed pulmonary TB were
identified in nine countries, with incidence rates
ranging from 111.3/100,000 in Zambia to 615.7/
100,000 in India (Table 2; Supplementary Data Table
S$8). Additionally, 31 clinical TB cases were reported in
seven countries: Brazil, Indonesia, Kenya, the Philip-
pines, South Africa, Vietnam, and Zambia (Supple-
mentary Data Table S9).

DISCUSSION

Accessing reliable TB incidence data remains a
challenge in areas of high TB risk.® This global
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Figure 3. Association of age with the odds of a positive IGRA status at Day 1 (per-protocol set). Odds ratios (ORs) were based on a
multilevel mixed-effects logistic regression model including a random effect for site (nested within country) and covariates for baseline
characteristics including age (continuous), sex, BMI, prior or baseline TPT, and BCG scar. Younger age was used as the reference
group. Horizontal purple lines indicate a greater than 1 lower bound of OR estimates. BCG = Bacillus Calmette-Guérin; BMI = body
mass index; Cl = confidence interval; IGRA = interferon-gamma release assay; TPT = TB preventive treatment.

observational study evaluated 435 sites in 14 countries
to inform site selection and feasibility for a phase
3 TB vaccine efficacy trial, by evaluating IGRA
positivity at Day 1 as a proxy for TB incidence to
identify trial sites in high-incidence areas. In addition,
the study evaluated TB incidence over a median
duration of 17.1 months, providing insights into
IGRA conversion and reversions and promoting fa-
miliarity with operational processes relevant to future
phase 3 trials.

Overall, we observed substantial variability in
IGRA positivity at Day 1 across sites both within and
between countries. This underscores the importance of
strategically selecting sites to enrich trial populations
with individuals at highest risk for TB, thereby opti-
mising the likelihood of observing clinical endpoints in
an event-triggered phase 3 vaccine efficacy trial. The

IGRA positivity percentage was generally higher
among older participants, with higher odds of a
positive IGRA status among older participants, indi-
cating cumulative risk of exposure to Mtb over time.”

Across study sites, IGRA conversion percentages
varied widely, ranging from 1.5% in India to 32.3% in
Philippines, highlighting the heterogeneity in TB
transmission dynamics across high-burden regions.
Notably, all nine sites in South Africa observed rela-
tively low conversion, ranging from 2.8% to 5.3%
over 1 year. These IGRA conversion rates are lower
than the average conversion rate of 8% per person-
year observed in a recent trial in 10- to 18-year-old
adolescents in South Africa, but similar to conversion
rates observed outside the Western Cape Province. '’
The low IGRA conversion percentage, combined with
the high percentage of baseline IGRA positivity
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observed at South African sites, suggests that Mtb in-
fection occurs at a younger age in the communities en-
rolled in South Africa. This finding underscores the
importance of understanding local transmission dynamics
and identifying the appropriate age groups to target for a
phase 3 TB vaccine trial with a clinical endpoint (for
example, laboratory-confirmed pulmonary TB).

The highest IGRA conversion occurred at one site in
Philippines (32.3%) and one site in Zambia (30.6%).
We hypothesise that this high conversion could be due
to health care disruptions during the COVID-19
pandemic, which may have led to delayed detection
and treatment of TB patients in these communities,
resulting in increased transmission. IGRA reversion
varied from 0 to 11.9%, which is lower than that
reported in a recent meta-analysis (22.8%),"' and
often lower than IGRA conversion percentages across
the different sites over the 17.1 months of follow-up
duration in the current study. IGRA reversion per-
centages are difficult to interpret when limited to use of
only two timepoints, as distinguishing between tran-
sient and sustained reversion is improved with se-
quential measurements over time.'*'?

Although the QFT-Plus assay uses interferon-gamma
levels >0.35 TU/mL in its positivity threshold, results
near this cut-off are prone to both biological and tech-
nical variability.'* As such, some of the observed con-
versions and reversions may not reflect a true change in
IGRA status, due to values being close to the diagnostic
threshold and in the ‘uncertainty zone’. Nevertheless,
these findings contribute a broader understanding of
IGRA conversion and reversion patterns in general
community settings, providing a useful reference point
for hypothesis generation in future studies on TB
vaccines.

The case definition for laboratory-confirmed TB
required that at least one sputum sample collected
from participants with suspected TB had to be positive
by culture and/or Xpert Ultra. Among the cases de-
tected, the majority (15/24) were positive by both
culture and Xpert Ultra and/or had multiple sputum
samples positive. Interestingly, nine participants had
one positive TB result, of which eight were IGRA
negative and one was positive at Day 1. Six of eight
participants remained IGRA negative at the suspected
TB visit and five of eight were not treated for TB. A
more stringent case definition requiring multiple
positive test results may be more reflective of true TB
disease.

The main strength of this study is that, for many
countries and sites, this is an opportunity to under-
stand the epidemiology of IGRA status in a
population-based setting. In addition, while IGRA
conversions and reversions can vary due to biological
and assay-related factors,'* this study provides valu-
able empirical data on IGRA conversion and reversion
in community populations from high-TB-burden set-
tings. All participants were evaluated for changes in

IGRA status between Day 1 and Month 12, enabling
estimates of both IGRA conversion and reversion
percentages in community-based cohorts, rather than
in populations limited to household contacts or health
care workers, as is commonly reported in the litera-
ture.'"*='7 Another benefit of this operationally
complex and challenging study is that it provides
valuable lessons learned for sites and for sponsors, for
use in optimising plans for future trials. Our study also
has some limitations. The eligibility criteria did not
clearly specify that participants with suspected pul-
monary TB should be excluded from trial participa-
tion. However, we only identified one participant (site
1002, South Africa) with suspected TB at Day 1 who
was later confirmed to have had laboratory-confirmed
TB. Because high-risk communities were pragmati-
cally identified and recruitment strategies varied be-
tween sites, differences in IGRA positivity across sites
and countries observed in this study should be viewed
as descriptive and hypothesis-generating rather than
precise comparative estimates of underlying pop-
ulation risk. These findings are most appropriately
used to inform recruitment strategies for the M72/
ASO1g4 phase 3 trial and highlighting potential TB
‘hotspot’ areas within participating sites, rather than
drawing firm conclusions about differences between
countries or sites. Given the pragmatic sampling
strategy and the primary goal of identifying high-risk
communities for the M72/AS01g_4 phase 3 trial, the
results of this study are not representative of any pre-
specified national or subnational population and may
not be generalisable beyond the communities from
which participants were recruited.

CONCLUSION

This large-scale global epidemiologic study evaluated
population-based IGRA positivity to identify com-
munities at increased risk of Mzb infection using IGRA
as a proxy for TB incidence. For sites participating in
phase 3 TB vaccine efficacy trials with clinical end-
point, it is essential that these trials be conducted in
communities with the highest possible TB incidence
rates to optimise sample size and follow-up duration
and to enable efficient enrolment — particularly when
the target population is IGRA positive.

Acknowledgements

We are grateful to the study participants and their families for taking
part in this study and all clinical investigators, independent ethics
committee members, site staff, PPD staff, and BARC staff for their
contributions. We would like to thank all members of the TBV02-
E01 Study Group including clinical operations. This study was
funded by the Gates Foundation (INV-008522). The conclusions
and opinions expressed in this work are those of the authors alone
and shall not be attributed to the Foundation. Under the grant
conditions of the Foundation, a Creative Commons Attribution
4.0 License (CC BY 4.0) has already been assigned to the Author
Accepted Manuscript version that might arise from this submission.



IGRA positivity in TB-risk populations 239

Medical writing assistance was provided by Madeeha Aqil, PhD,
MWC®, CMPP™, and was funded by the Gates Medical Research
Institute.

Conlflicts of Interests: AFD, LLH, AC, DG, SRH, WAH, JRL,
MM, SM, VN, TR, JSS, SV, AW, TMW, RN, LS, JS, and ACS
declare no competing interests. ALG-B reports research grants from
European & Developing Countries Clinical Trials Partnership,
National Institutes of Health (NIH), European Research Council,
and Gates Medical Research Institute (Gates MRI); honoraria for
lectures at the annual conference of the Spanish Association of
Nursing and Vaccines; remuneration for time invested in BioNTech
advisory board meetings; travel support from the Gates Foundation
for meetings related to TB vaccines. ALG-B has also participated in
advisory roles in malaria vaccine trials sponsored by Sanaria,
BioNTech, and the Innovative Medicines Initiative — European
Union, and is associate editor for BMJ Global Health journal, as-
sociate editor for International Journal of Tuberculosis and Lung
Disease, and has chaired the TB Group at the European Respiratory
Society from 2000 to 2023. MTG reports funds from Gates MRI
and PPD for implementing study activities. VCR reports support for
TBV02-E01 study activities from Brazil’s Departamento de Ciéncia
e Tecnologia (Secretaria de Ciéncia e Tecnologia, Ministério da
Satde) and NIH/NIAID grants, research funds from TB Alliance for
Drug Development, Impacto da COVID-19 Nas Manifesta¢des
Clinicas, Diagnostico, Desfecho Do Tratamento e Resposta Imune
para Tuberculose Pulmonar, Associative BRICS Research in
COVID-19 and Tuberculosis (ABRICOT), RePORT International
Data Harmonization, Transcriptional Signature of TB in advanced
HIV, Predictors of Resistance Emergence Evaluation in Multidrug-
resistant Tuberculosis Patients on Treatment — PREEMPT, Carib-
bean, Central, and South America network for HIV Epidemiology
(CCASAnet), Immunogenetic predictors of active and incipient TB
in HIV-negative and HIV-positive close TB contacts, consulting fees
from ONU-OMS for an HIV response review in Myanmar, hon-
oraria for lectures from GlaxoSmithKline Brasil Ltda, Qiagen, and
Virology education events, travel support from ViiV 18 European
AIDS conference.

Data sharing: Anonymised participant-level data may be shared
with external researchers in accordance with the study participants’
written and executed informed consent document and any local or
applicable regulations on data sharing. Qualified researchers may
submit a request for anonymised participant-level data along with a
research proposal to Gates MRI’s Data Protection Officer at
dataprotection-officer@gatesmri.org for review. The types of sup-
porting information that could be shared with external researchers
include: the Study Protocol, Statistical Analysis Plan, Informed
Consent Form, Clinical Study Report, and analytic code. A data
sharing agreement must be in place before any study data are shared.
There are additional circumstances that may prevent the sharing of
data with external researchers, including but not limited to con-
tractual obligations to existing partners and any restrictions im-
posed by regulatory bodies. The TBV02-E01 Study Group
comprises: Q. Bhorat (Soweto Clinical Trials Centre, Johannes-
burg), M. Loveday (Botha’s Hill CRS, Durban, South Africa),
C. Duran Palma (Trident Clinical, Homestead, South Africa),
J. Lombaard (Josha Research, Mangaung, South Africa), S. Cossie
(CRISMO Bertha Gxowa Research Centre, Ekurhuleni, Gauteng,
South Africa), J.G. Geldenhuys (FCRN Clinical Trial Centre Pty Ltd,
Three Rivers Vereeniging, Gauteng, South Africa), K. Ahmed
(Setshaba Research Centre, Soshanguve, Gauteng, South Africa),
E. Spooner (PHOENIX Pharma [Pty] Ltd, HIV Prevention Research
Unit, Ethekwini, Kwazulu — Natal, South Africa), L. Tina (Victoria
Biomedical Research Institute, US Army Medical Research Unit,
Kombewa Clinical Research Centre, Kisumu, Western, South
Africa), B. Ogutu (Strathmore University, Centre for Clinical Re-
search, Kisumu, Western, South Africa), R. McClelland (Ganjoni
Municipal Communicable Diseases Control Centre, Mombasa,
Kenya), W. Kilembe (Center for Family Health Research in Zambia
[CFHRZ] - Lusaka, Zambia Emory HIV Research Project Lusaka,

Lusaka, Zambia), S. Kwame (Zambart University of Zambia,
Zambart, Ridgeway Campus, Lusaka, Zambia), M. Inambao
(Center for Family Health Research in Zambia [CFHRZ] — Ndola,
Northrise, Zambia), E. Sprinz (Hospital de Clinicas de Porto Alegre
[HCPA] - PPDS, Floresta Porto Alegre — RS, Porto Alegre, Rio
Grande do Sul, Brazil), E. Cadena (Philippine Tuberculosis Society
Inc, Quezon City, National Capital Region, Philippines), ]J.R.
Gonong (Lung Center of The Philippines, Quezon City, Philippines),
E.]J. Berame (Healthlink Iloilo, Tloilo City, Iloilo, Philippines),
M.G.D. Isidro (West Visayas State University Medical Center, Iloilo
City, Iloilo, Philippines), G. Zabat (Health Cube Medical Clinics,
Quezon City, Philippines), R.G.M. Veto (Tropical Disease Foun-
dation, Makati City, Philippines), E. Sanchez (Hospital Nacional
Sergio E. Bernales, Lima, Peru), V. Nankabirwa (Makerere Uni-
versity — School of Public Health, Kampala, Uganda), H.L. Nguyen
(Pham Ngoc Thach Hospital, Phwtong S6 12 Quén S, Vietnam),
V.N. Nguyen (National Lung Hospital, Hanoi, Vietnam), G. Marks
(Woolcock Institute Of Medical Research, Hanoi, Vietnam),
B. Alisjahbana (Universitas Padjadjaran, Bandung, Jawa Barat,
Indonesia), Burhan E (Persahabatan Hospital, Jakarta, Indo-
nesia), Kaswandani N (Puskesmas Kecamatan Kramat Jati,
Jakarta, Indonesia), G. Luyeye Matondo Mandiangu (Centre de
Sante Maternite Binza, Ngaliema, Kinshasa, Democratic Republic of
the Congo), H.Z. Swah Koko (Centre de Sante 2eme Rue, Limete,
Kinshasa, Democratic Republic of the Congo), E. Mwamba Kabunda
(Hopital General de reference de Kabinda, Lingwala, Kinshasa,
Democratic Republic of the Congo).

References

1. World Health Organization. Global tuberculosis report 2024.
Geneva: WHO, 2024.

2. National Center for HIV/AIDS VHSTD. Prevention TB, division of
tuberculosis E. core curriculum on tuberculosis: what the clini-
cian should know. 7th ed. Atlanta, GA, USA: Centres for Disease
Control and Prevention, 2021.

3. Knight GM, et al. Impact and cost-effectiveness of new tuber-
culosis vaccines in low-and middle-income countries. Proc Natl
Acad Sci. 2014;111(43):15520-15525.

4. World Health Organization. WHO preferred product charac-
teristics for new tuberculosis vaccines. Geneva: WHO, 2018.

5. Mangtani P, et al. Protection by BCG vaccine against tubercu-
losis: a systematic review of randomized controlled trials. Clin
Infect Dis. 2014;58(4):470-480.

6. World Health Organization. WHO operational handbook on
tuberculosis. Module 1: prevention-tuberculosis preventive
treatment. Geneva: WHO, 2024.

7. QIAGEN. QuantiFERON-TB Gold Plus (QFT-Plus). Germantown,
MD, USA: QIAGEN, 2024. https://mww.giagen.com/us/products/
diagnostics-and-clinical-research/tb-management/quantiferon-tb-
gold-plus-us.

8. Mui WL, et al. Data-driven epidemiologic approach to con-
ducting site feasibility for a global phase Il tuberculosis vaccine
clinical trial. PLoS Glob Public Health. 2023;3(11):e0002544.

9. Houben RM, Dodd PJ. The global burden of latent tuberculosis
infection: a re-estimation using mathematical modelling. PLoS
Med. 2016;13(10):e1002152.

10. Schmidt AC, et al. BCG revaccination for the prevention of
Mycobacterium tuberculosis infection. N Engl J Med. 2025;
392(18):1789-1800.

11. Wang MS, et al. Conversion or reversion of interferon v re-
lease assays for Mycobacterium tuberculosis infection:
a systematic review and meta-analysis. Clin Infect Dis. 2025;
80(1):168-179.

12. Nemes E, et al. Optimization and interpretation of serial
QuantiFERON testing to measure acquisition of Mycobacterium
tuberculosis infection. Am J Respir Crit Care Med. 2017;196(5):
638-648.

13. Nemes E, et al. Prevention of M. tuberculosis infection with H4:
IC31 vaccine or BCG revaccination. N Engl J Med. 2018;379(2):
138-149.



240  UTLD Open

14. Control CfD, Prevention. Interferon gamma release assay (IGRA) testing

15.

guidance. Atlanta, Georgia: CDC.gov, 2023. https/Avww.cdc.gov/th/
hcp/testing-diagnosis/interferon-gamma-release-assay.html.

Ringshausen FC, Schablon A, Nienhaus A. Interferon-gamma
release assays for the tuberculosis serial testing of health care
workers: a systematic review. J Occup Med Toxicol. 2012;7(1):6.

16.

17.

World Health Organization. Policy statement. Use of tuberculosis
interferon-gamma release assays (IGRAs) in low- and middle-
income countries. Geneva: WHO, 2024.

Pai M, O'Brien R. Serial testing for tuberculosis: can we make
sense of T cell assay conversions and reversions? PLoS Med.
2007;4(6):€208.

IJTLD OPEN welcomes the submission of research articles on all aspects of TB and respiratory diseases such as
asthma, bronchiectasis, COVID-19, COPD, child lung health and the hazards of tobacco and air pollution.

This is an open access article published by The Union under the terms of the Creative Commons Attribution License CC-BY.

For information on IJTLD OPEN see: https://theunion.org/our-work/journals/ijtld-open or contact: journal@theunion.org

If you found this article interesting, you can explore related courses offered by The Union.

Learn more here: https://theunion.org/our-work/union-courses




	Interferon
	METHODS
	Procedures
	Outcomes
	Statistical analysis
	Ethical statement

	RESULTS
	IGRA positivity
	Association of age with IGRA status
	IGRA conversions and reversions
	Incidence rates

	DISCUSSION
	CONCLUSION
	Acknowledgements
	References


